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Agrip

Sykursyki 2 (SS2) og forstig SS2 eru pekktir aheettupeettir aedakdlkunar og
alvarlegra fylgikvilla hjarta- og aedasjukdéma. Skimun sjiklinga med bratt
kransaedaheilkenni (BKH) med sykurpolspréfi hefur gefid til kynna hatt
algengi ogreindrar SS2 og forstigs SS2. Hins vegar er ekki ljést hvernig
truflun & sykurefnaskiptum verdur best greind hja sjuklingum med BKH. Ad
auki hefur magn eedakolkunar eda aheetta a fylgikvillum hjarta- og
eedasjukdéma ekki verid metin hja sjuklingum med BKH sem greindir hafa
verid med truflun & sykurefnaskiptum a grundvelli leidbeininga
Alpj6daheilbrigdisstofnunarinnar (WHO) og Bandarisku sykursykis—
samtakanna (ADA). Markmid pessarar ritgerdar var pripeett. | fyrsta lagi ad
finna areidanlega adferd til ad greina SS2 og forstig SS2 hja sjuklingum med
BKH. | 6dru lagi ad meta ahrif trufladara sykurefnaskipta & magn
aedakdlkunar hja sjuklingum med BKH. Ad lokum ad meta aukna aheettu a
fylgikvillum hjarta- og kransaedasjikdéma hja sjuklingum med BKH og truflud
sykurefnaskipti.

Sjuklingum sem lagdir voru inn & hjartadeild Landspitalans med BKH &
sautjan manada timabili var bodid ad taka patt i rannsokninni. Sykurefnaskipti
voru metin hja sjuklingum &an fyrri sbgu um sykursyki med meelingum &
HbAlc og fastandi glikésa i plasma (FPG) asamt tveggja klukkustunda
stdoludu sykurpolsproéfi. bPessar meelingar voru framkvaemdar i sjikrahdslegu
og endurteknar ad premur manudum lidnum. Til ad greina nyja SS2 (nSS2)
purfti ad minnsta kosti tveer meaelingar sem voru yfir greiningarproskuldi fyrir
sykursyki. Ein meeling med nidurstddu yfir greiningarproskuldi fyrir sykursyki
eda fyrir forstig SS2 var skilmerki til greiningar & forstigi SS2. Sjuklingar med
allar sex maelingar innan edlilegra marka téldust hafa edlileg sykurefnaskipti.
Sjuklingar med pekkta SS2 (pSS2) voru flokkadir sem slikir. A£dakolkun i
halsslageedum var metin hja sjuklingum med adur dgreinda sykursyki med
stadladri halseedadémunum par sem sjuklingar voru flokkadir eftir pvi hvort
ae0dakdlkun var til stadar eda ekki og heildarflatarmél sedakdlkunar reiknad.
P& var sjuklingum fylgt eftir og kannad hvort peir préudu med sér alvarlega
fylgikvilla hjarta- og eedasjikdoma.

Af peim 372 sjuklingum med BKH sem toku patt voru 20,7% med edlileg
sykurefnaskipti, 46,5% med forstig SS2, 6,2% med nSS2 og 26,6% med
pSS2. Neemi til ad greina nSS2 hja sjuklingum med &dur épekkta sykursyki
var 33,3%, 61,1% og 77,8% eftir pvi hvort notad var HbAlc, FPG og 2hPG i
sjukralegu. bPremur manudum seinna voru samsvarandi gildi 27,8%, 61,1%
0g 72,2%. Jakveett forspargildi (PPV) til ad greina SS2 var 100%, 91,7% og



51,9% med pvi ad nota HbAlc, FPG eda 2hPG i legu. Samsvarandi gildi
premur manudum seinna voru 71,4%, 91,7% og 65,0%. begar HbAlc og
FPG meelingar i legu og premur manudum seinna eru teknar saman var
nemi 88,9% og PPV 80,0%. Med pvi ad nota samsetningar med
sykurpolsproéfi var naemid til ad greina SS2 100% en PPV a bilinu 44,2% til
66,7%.

I sjoklingum med &dur Ogreinda sykursyki sast aedakolkun i
halsslageedum hja 48,5% peirra sem hofdu edlileg sykurefnaskipti, 66,9%
sem hofdu forstig SS2 og 72,2% sjuklinga med nSS2. Hja sjiklingum med
nygreint forstig SS2 eda nSS2 var 255% og 359% aukning a
heildarflatarmali eedakolkunar midad vid sjuklinga med edlileg sykurefnaskipti
(p=0,04). Gerd var fiolpatta aohvarfsgreiningu par sem leidrétt var fyrir
hefobundnum aheettupattum aedakdélkunarsjukdéms. Gagnlikindahlutfall (OR)
hja sjuklingum med nygreint forstig SS2 eda nSS2 var 2,17 (95% CI 1,15-
4,15) ad hafa sedakodlkun i halsslageedum, samanborid vid sjuklinga med
edlileg sykurefnaskipti. Pegar einnig var leidrétt fyrir blédglukdsa-gildi tveimur
kist eftir inntoku glukdsa var OR 1,77 (95% CI 0,83-3,84).

Ahaettuhlutfall var 10,9 (95% CI 1,2 — 98,3) fyrir sjuklinga med nSS2 fyrir
dauda eda hjartadrep og 2,9 (95% CI 1,0 — 8,0) fyrir alvarlega fylgikvilla
hjarta- og aedasjukdoma eftir 2,9 ar, samanborid vid sjuklinga med edlileg
sykurefnaskipti. Hja sjuklingum med pSS2 var heettuhlutfallio 14,9 (95% CI
2,0 — 113,7) fyrir dauda eda hjartadrep og 3,3 (95% CI 1,5 — 7,6) fyrir
alvarlega fylgikvilla hjarta- og @edasjukdoma eftir 2,9 ar, samanborid vio
sjuklinga med edlileg sykurefnaskipti. Daudsfoll og hjartadrep voru markteekt
fleiri hja sjaklingum med skert sykurpol (IGT), samanborid vid sjuaklinga med
haekkadan fastandi bl6dsykursstjérn (IFG) eda haekkad HbAlc.

Vid alyktum ad unnt sé ad greina med Oryggi SS2 hja sjuklingum med
BKH med endurteknum maelingum & HbAlc og FPG par sem greining SS2
eykst ekki ad marki med vidbot sykurpolspréfs. Einnig hofum vid synt fram &
ad nygreint forstig SS2 og SS2 hja sjuklingum med BKH eru sjalfstaedir
ahaettupeettir fyrir sedakolkun i halsslageedum par sem haekkad blédglukosa-
gildi tveim klukkustundum eftir inntdku glukosa hefur sterk tengsl vid aukna
gedakolkun. Ad lokum, sjuklingar med nSS2 og pSS2 eru i aukinni danar- og
hjartadrepsahaettu sem og aukinni haettu a alvarlegum fylgikvillum hjarta- og
&edasjukdéma, samanborid vid BKH sjuklinga med edlileg sykurefnaskipti.

Lykilord: bratt kranseedaheilkenni, sykursyki 2, forstig sykursyki, sedakoélkun,
hjartadrep.



Abstract

Type 2 diabetes mellitus (T2DM) and prediabetes are established risk factors
for atherosclerosis and major adverse cardiac events (MACE) in the general
population. Screening by oral glucose tolerance test (OGTT) shows high
prevalence of undiagnosed dysglycemia among patients with acute coronary
syndrome. However, the optimal method to diagnose T2DM and prediabetes
in patients with acute coronary syndromes (ACS) has yet to be determined.
Furthermore, atherosclerotic burden and risk of future cardiac events among
patients with ACS and T2DM or prediabetes as defned by World Health
Organization (WHO) and American Diabetes Association (ADA) criteria have
not been evaluated. The aim of this thesis is to identify the most reliable
method to diagnose T2DM and prediabetes in patients with ACS. In addition,
we evaluate atherosclerotic burden and risk of future adverse cardiac events
among patients with ACS with different glucose metabolic perturbations
according to current WHO and ADA criteria.

Patients diagnosed with ACS and admitted to the coronary care unit were
consecutively included in the study. Patients without a previous history of
diabetes underwent evaluation of their glucose metabolism by HbAlc, fasting
plasma glucose (FPG) and 2-hour plasma glucose (2hPG) with standard
OGTT, during hospital admission and at 3-month follow-up. Patients were
classified into various categories of glucose metabolism: at least two
measurements with results above the diabetes cut-off point, according to
WHO and ADA critera, were required to diagnose new T2DM (nT2DM).
Subjects with one measurement above the cut-off point for diabetes or
prediabetes fulfilled the criteria for prediabetes while patients with all
measurements within normal range were classified as having normal glucose
metabolism (NGM). Patients with previously known T2DM (kT2DM) were
classified as such. Patients without a previous history of T2DM underwent
standardized ultrasound examination of their carotid arteries to evalute
presence of significant plagues and to measure the total plaque area (TPA).
Finally, patients were followed for significant clinical outcome parameters,
including all-cause death or myocardial infarction (MI) and major adverse
cardiac events (MACE).

Among the 372 ACS patients included in the study, 20.7%, 46.5%, 6.2%
and 26.6% were diagnosed with NGM, prediabetes, nT2DM and kT2DM,



respectively. Glucometabolic measurements from patients without a previous
diagnosis of T2DM indicated that elevated 2hPG has the highest sensitivity
for diagnosing T2DM: 77.8% during hospital admission and 72.2% at follow-
up, compared to HbAlc with 33.3% and 27.8%, respectively, and FPG with
61.1% at admission and follow-up. However, the positive predictive values
(PPVs) for diagnosing T2DM were 100%, 91.7% and 51.9% during admission
and 71.4%, 91.7% and 65.0% at follow-up for HbAlc, FPG and 2hPG,
respectively. By combining HbAlc and FPG measurements during admission
and follow-up, the sensitivity to diagnose T2DM was 8.9% and PPV was
80.0%, while combinations of FPG and HbAlc with OGTT had 100%
sensitivity and a PPV ranging from 44.2% to 66.7%.

Among patients without a previous history of diabetes, a significant
atherosclerotic plaque was detected in 48.5%, 66.9% and 72.2% of patients
with NGM, prediabetes and nT2DM, respectively. An incremental increase in
TPA was found from NGM to prediabetes and nT2DM (p=0.04). Patients with
newly diagnosed dysglycemia were found to be at increased risk of having
significant atherosclerotic plaque in the carotid arteries, when adjusted for
conventional cardiovascular risk factors, with OR of 2.17 (95% CI 1.15-4.15)
compared to patients with NGM. When also adjusted for 2hPG, the OR
attenuated to 1.77 (95% CI 0.83-3.84).

After a mean follow-up period of 2.9 years, compared to patients with
NGM, patients with nT2DM and kT2DM had HR 10.9 (95% CI 1.2 — 98.3) and
14.9 (95% CI 2.0 — 113.7), respectively, for death/MI and 2.9 (95% CI 1.0 —
8.0) and 3.3 (95% CI 1.5 — 7.6), respectively, for a composite of MACE.
Patients with prediabetes had increased near future risk for death/MI but this
did not reach statistical significance. Patients with impaired glucose tolerance
suffered significantly more events of death or Ml compared to patients with
impaired fasting glucose or elevated Hb1Ac.

In conclusion, T2DM can be diagnosed with reasonable certainty using
repeated measurements of HbAlc and FPG in ACS patients, with limited
added value of OGTT. Furthermore, newly detected dysglycemia is an
independent predictor of atherosclerotic plague formation in the carotid
arteries with OGTT as the major determinant of risk of carotid plaque burden.
Finally, patients with nT2DM and kT2DM were found to have an increased
risk of death or Ml and MACE compared to ACS patients with NGM.

Keywords: acute coronary syndrome, type 2 diabetes, prediabetes,
atherosclerosis, myocardial infarction.
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1 Introduction

Atherosclerotic plaque is the end-product of a process during which the
arterial intima expands with cells, lipids and extracellular matrix over several
years or decades. Atherosclerosis tends to form where blood flow is turbulent
instead of laminar, particularly at arterial branching points and bifurcations. A
key initial step in atherogenesis is subendothelial accumulation of
apolipoprotein B-containing lipoproteins (apoB-LPs) that subsequently
provokes inflammatory response. Subsequently monocytes are recruited into
the subendothelial space, prompting further inflammatory response (Moore &
Tabas, 2011). These monocytes then become macrophages and start to
ingest and process apoB-LPs, leading to cholesterol accumulation in the cell.
The macrophage transforms into a foam cell that then further re-esterificates
the cholesterol in the endoplasmic reticulum (ER) to form cholesteryl fatty
acid esters (Brown, Ho, & Goldstein, 1980). With chronic inflammation
localized in the atherosclerotic plague, monocytes continue to enter the
plaque, differentiating into macrophages and later foam cells. Finally, foam
cells undergo apoptosis resulting in extracellular build-up of cholesterol and
fibrotic tissue that causes progression and expansion of the atherosclerotic
plaque (Moore & Tabas, 2011). Atherosclerotic plague can be categorized
into vulnerable plaques and stable plaques. Vulnerable plaques have a lipid-
rich core and a thin fibrous cap with increased plaque inflammation,
neovascularization of vasa-vasorum and intra-plaque hemorrhage compared
to stable plaques with lipid-poor plaques and thick fibrous cap (Moreno, 2010;
Virmani, Burke, Kolodgie, & Farb, 2002). Vulnerable plaques are more likely
than stable plaques to result in plaque rupture with subsequent thrombus
formation at the site of injury. Plaque erosion is a different process, an
abrasion of the endothelium without plague rupture thought to occur due to
apoptosis of endothelial cells, but with formation of thrombus at the injury site
(Lafont, 2003; Virmani, Burke, & Farb, 1999). In coronary arteries,
atherosclerotic plaque can, in time, restrict blood flow, causing stable
coronary artery disease (CAD) or acute coronary syndrome (ACS) in the
setting of plaque rupture or erosion with subsequent luminal thrombosis.

1.1 Risk Factors for Atherosclerosis

There are several risk factors known to contribute to formation and expansion
of atherosclerotic plaque causing increased risk for cardiovascular disease
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(CVD). These include age, male gender, hypercholesterolemia, hypertension,
diabetes, smoking, obesity and sedentary lifestyle (K. M. Anderson, Castelli,
& Levy, 1987; Berlin & Colditz, 1990; Doyle, Dawber, Kannel, Heslin, & Kahn,
1962; Go et al., 2014; Hubert, Feinleib, McNamara, & Castelli, 1983; Mellbin,
Anselmino, & Ryden, 2010; Stamler, Stamler, & Neaton, 1993; Stamler,
Wentworth, & Neaton, 1986). Family history, representing genetic
susceptibility, is also a contributing factor in the process of atherosclerotic
plague formation and increased risk of CVD. However, although numerous
genetic variants have been identified, so far they only account for a small
percentage of risk for CVD (Abi-Younes et al.,, 2000; Andresdottir,
Sigurdsson, Sigvaldason, & Gudnason, 2002; Lloyd-Jones et al., 2004, Lotta,
2010; Mehta et al., 2011; Moore & Tabas, 2011; Tregouet et al., 2009). As
genetic research and knowledge continues to grow, our understanding of
how genetics affect atherosclerotic formation and progression will improve,
possibly leading to better risk stratification and targeted therapy (Inouye et
al., 2018).

Over the last several decades significant progress has been made to
reduce mortality from CAD. In the United States, age-adjusted death rates
from CAD decreased from 543 to 267 deaths per 100.000 among men and
from 263 to 134 per 100.000 in women from 1980 through 2000 (Ford et al.,
2007). Similar results have been observed in Iceland over the last several
decades. Mortality from CAD in Iceland has decreased by 80% from 1981
through 2006 and incidence of myocardial infarction (Ml) decrease by 66%
during the same time period (Andersen et al., 2017; Aspelund et al., 2010).
This has been attributed to more favourable risk factor trends with reduction
in cholesterol, lower systolic blood pressure, decreased smoking prevalence
and increased physical activity as well as therapies including initial treatment
in ACS, secondary prevention after Ml, revascularization and heart failure
treatment. In Iceland, approximately 73% of the observed CAD mortality
decrease was attributable to risk factor reductions (Aspelund et al., 2010).
However, increasing obesity and prevalence of diabetes have partially offset
the reduction of CAD mortality. CVD remains the most common cause of
death worldwide, with the 2013 Global Burden of disease estimated to be
17.3 million deaths globally (Roth et al., 2015).

1.2 Type 2 Diabetes Mellitus

The prevalence of type 2 diabetes mellitus (T2DM) has been increasing in
recent years, especially in the Western world, and it was estimated by the
World Health Organization (WHO) that worldwide prevalence of diabetes
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rose from 108 million in 1980 to 422 million in 2014 with a global prevalence
of diabetes among adults over the age of 18 being 8.5% (WHO, 2017). The
prevalence is expected to further grow over the coming decades (Boyle,
Thompson, Gregg, Barker, & Williamson, 2010; Whiting, Guariguata, Weil, &
Shaw, 2011). T2DM is primarily caused by a high-energy diet with high sugar
and fat content and low physical activity that contributes to obesity as well as
being genetically exposed to develop T2Dm. With increased weight, muscles
become insulin-resistant, requiring more insulin to be produced by the islet 8
cells in the pancreas. Initially the islet B cells are able to produce more
insulin, causing hyperinsulinemia in order to respond to the increased
glucose load. Postprandial hyperglycemia is often thought to be the first sign
of glucose derangement when patients are severely insulin-resistant, where
the muscles and liver require more insulin for adequate glucose uptake and
suppress hepatic glucose production, respectively (DeFronzo, Gunnarsson,
Bjorkman, Olsson, & Wahren, 1985; Ferrannini et al., 1988). As the islet
cells increase their insulin production and secretion, with subsequent
hyperinsulinemia, the fasting glucose remains within normal limits. However,
eventually the islet B cells of susceptible individuals start to fail and are
unable to meet the increasing demand for insulin production with associated
hyperglycemia, leading to overt T2DM and associated complications, most
notably retinopathy, neuropathy, nephropathy and atheroscleotic disease
(DeFronzo & Abdul-Ghani, 2011; Nolan, Damm, & Prentki, 2011).

1.3 Diagnosis of Type 2 Diabetes Mellitus

Currently, there are two main diagnostic criteria for dysglycemia, the WHO
criteria and the American Diabetes Association (ADA) criteria (ADA, 2012a;
WHO, 2006, 2011). Both of these criteria concur on the diagnosis of T2DM in
asymptomatic patients, using fasting plasma glucose (FPG), standardized 2-
hour oral glucose tolerance test (OGTT) and glycated hemoglobin (HbAlc)
with at least two measurements required above the diagnostic cut-point for
the diagnosis of diabetes (Alberti & Zimmet, 1998; ADA, 2012a; WHO, 2006,
2011). These guidelines apply diagnostic criteria that are based on the
glucose levels that lead to retinopathy according to three epidemiologic
studies from the general population (ADA, 2012a). These studies showed
glycemic levels with low prevalence of microvascular disease, like
retinopathy, nephropathy and neuropathy, above which the prevalence
started to increase in apparently linear fashion. Therefore, both the ADA and
WHO define diabetes as 2-hour postload glucose (2hPG) =211.1 mmol/l (200
mg/dL), FPG =7.0 mmol/l (126 mg/dL) or HbA1c 26.5% (48 mmol/mol) with at
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least two measurements required to fulfill the criteria for diabetes in
asymptomatic patients (table 1). However, more recent studies have
indicated an increased risk of macrovascular complications, like CVD, in
individuals with dysglycemic levels that are lower than the current diagnostic
cut-point for diabetes (Coutinho, Gerstein, Wang, & Yusuf, 1999; Sinnaeve et
al., 2009).

Table 1. Diagnostic criteria for T2DM and

prediabetes according to WHO and ADA Individuals ~ with  slightly

WHO ADA elevated blood glucose
Diabetes levels not meeting the
-FPG = 7.0 mmol/l 2 7.0 mmol/l s .
-2hPG = 11.1 mmoll = 11.1 mmoll criteria of diabetes are
- HbA1c =6.5% Z6.5% considered to have
Prediabetes prediabetes. These
-FPG 6.1 - 6.9 mmoll 5.6 — 6.9 mmol/l oo . .
- 2hPG 78-11.0mmoll 7.8~ 11.0 mmolA individuals have impaired
-HbAle - 5.7-6.4% fasting  glucose  (IFG),
NGM i i
"FPG < 6.0 mmoll < 5.5 mmol impaired glucose tolerance
- 2hPG = 7.7 mmoll = 7.7 mmoll (IGT) and/or abnormal
- HbA1c - £5.6%

elevation of HbAlc and are
\;_VPHGQ:{:\:ESS ;gzmgﬁggimxnpé_Dﬁﬁmegli;:rnn EEBEiZAssociation considered to represent an

intermediate stage between
normal glucose metabolism (NGM) and diabetes. These individuals are at
high risk of developing diabetes in the future, with 5-10% of patients with
prediabetes becoming diabetic annually, as well as developing CVD (ADA,
2012a; Forouhi, Luan, Hennings, & Wareham, 2007; Nathan et al., 2007).
Contrary to the diagnosis of diabetes, the WHO and ADA do not agree on the
diagnostic criteria for prediabetes. Both criteria agree on a 2hPG range of 7.8
—11.0 mmol/l (140 — 199 mg/dI) to identify IGT but the ADA has a lower cut-
off point for FPG of 5.6 — 6.9 mmol/l (100 — 125 mg/dL), while the WHO
proposes 6.1 — 6.9 mmol/l (110 — 125 mg/dL) to diagnose IFG. The reason
the ADA applies a lower cut-off point to define IFG is to ensure similar
prevalence of IFG and IGT. And while the ADA criteria defines HbAlc of 5.7
— 6.4% as prediabetes, the WHO has not incorporated HbAlc to identify
prediabetes. The ADA included elevated HbAlc to identify prediabetes as
studies have shown a continuous increaseing risk of developing diabetes with
higher HbAlc, reportedly three to ten times higher risk compared to lower
levels (Edelman, Olsen, Dudley, Harris, & Oddone, 2004; Pradhan, Rifai,
Buring, & Ridker, 2007; Sato et al., 2009; Shimazaki, Kadowaki, Ohyama,
Ohe, & Kubota, 2007). Also, the HbAlc level that most accurately identifies
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individuals with IFG and IGT falls between 5.5 — 6.0% with FPG of 6.1 mmol/l
and 5.6 mmol/l in the nondiabetic adult population to correspond to HbAlc of
5.6% and 5.4%, respectively (ADA, 2012a). Finally, data from the Diabetes
Prevention Program where the mean HbAlc was 5.9% demonstrated that
preventive interventions were effective in participants below and above 5.9%,
indicating that preventive interventions were likely to have significant effect
with HbAlc somewhere in the 5.5 — 6.0% range (Knowler et al., 2002). For
these reasons the ADA set the lower threshold of prediabetes for HbAlc at
5.6%.

1.4 Prevalence of Type 2 Diabetes Mellitus in Coronary
Artery Disease

Studies have shown a relatively high prevalence of undiagnosed dysglycemia
in patients with CAD. In several studies the prevalence of prediabetes
ranged from 35% to 66% and the prevalence of T2DM from 22% to 31%, with
a higher prevalence in patients with ACS compared to healthy controls
(Bartnik, Ryden, et al., 2004; Gyberg et al., 2015; Norhammar et al., 2002;
Ritsinger et al., 2015). All of these studies were cohort studies screening for
diabetes in patients with CAD without a previous history of diabetes where
only one measurement was requried to detect diabetes. OGTT has been
used as a “gold standard” to identify diabetes as studies have suggested that
OGTT has a higher sensitivity, compared to FPG and HbAlc, to detect
glucose derangements. This is due to the fact that the 2hPG level identifies
patients with insulin resistance. Under those circumstances, the  cells in the
pancreas need to increase the production of insulin to lower the blood
glucose, causing hyperinsulinemia which is considered to be the first sign of
abnormal glucose metabolism. However, in clinical practice both HbAlc and
FPG may be more convenient than OGTT and are frequently the preferred
diagnostic tools. Interestingly, studies on the diagnosis of diabetes, based on
current ADA and WHO criteria, in patients with CAD but without previous
history of diabetes have, to our knowledge, never been conducted. Moreover,
there is no consensus on how to identify glucose metabolic derangements in
high-risk groups, such as patients with CAD, either by ADA or WHO
guidelines.

Diabetes is an established risk factor for CVD in the general population
with a hazard ratio (HR) for CVD death of 2.6. The risk of death from CVD is
similar among patients with established diabetes without history of CAD as it
is in nondiabetic patients with prior Ml (Barr et al., 2007; Go et al., 2014;
Haffner, Lehto, Ronnemaa, Pyorala, & Laakso, 1998). However, as in the
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general population, mortality from CVD has been decreasing over the last
several years among patients with diabetes (Rawshani et al., 2017).
Interestingly, patients with T2DM and optimal management of risk factors
have minimally increased risk for death or CVD compared to the general
population (Rawshani et al., 2018). This highlights the importance of treating
and managing comorbidities in patients with T2DM.

It has been suggested that prediabetes (IFG and IGT) is associated with
adverse future events in the general population (Barr et al., 2007). The same
pattern has been seen in patients with a history of CAD. Patients with
previously known type 2 diabetes mellitus (kT2DM) or new diagnosis of type
2 diabetes mellitus (nT2DM) and established, stable CAD are at significantly
increased risk of 1-year mortality with HR 2.4 and 2.0, respectively. A 20-year
follow-up in this patient population has indicated that the median survival is 3
years shorter among patients with T2DM compared to nondiabetic patients
with CAD (Lenzen et al.,, 2006; P. A. Patel et al.,, 2016). Studies have
suggested that patients with Ml and hyperglycemia below the diabetic
threshold have an increased risk of future adverse cardiovascular events and
mortality compared to those with normal glucose metabolism (Coutinho et al.,
1999; Sinnaeve et al.,, 2009). Increased risk of adverse events has been
found in CAD patients with elevated FPG compared with NGM (HR 1.71;
Sinnaeve et al., 2009). Several studies have specifically focused on patients
without prior history of T2DM who present with ACS. These studies have
reported a significantly increased rate of adverse events (HR 2.15 — 3.27)
among patients with nT2DM, compared to patients with NGM who present
with ACS. Significantly increased risk of adverse events (HR 1.54 — 2.65) has
also been described among patients with abnormal glucose tolerance (IFG
and/or IGT) compared to patients with NGM (Bartnik, Malmberg, et al., 2004;
George et al., 2015; Ritsinger et al., 2015; Tamita et al., 2007). Like other
studies that have evaluated dysglycemia in CAD, these were cohort studies
where OGTT was performed once as a screening test before hospital
discharge to classify patients as having NGM, abnormal glucose tolerance or
T2DM, without verifying the classification or evaluating whether these
patients had prediabetes or T2DM. HbA1c was not utilized to identify patients
with dysglycemia. Consequently, some patients with dysglycemia may not
have been identified, especially patients with prediabetes. Finally, some of
these studies were performed before or during the time when double anti-
platelet and high-dose statin therapy were introduced as powerful secondary
preventive measures in patients with ACS. This could result in higher event
rates than are currently present.
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1.5 The Effect of Diabetes on Atherosclerosis

Several pathways may mediate the diabetic effect on atherogenesis and
increase the risk of CVD. Insulin resistance and subsequent
hyperinsulinemia, the two hallmarks of T2DM, have been suggested to
increase the formation of reactive oxygen species and vascular dysfunction,
causing vascular and atherosclerotic plague inflammation and proliferation of
smooth muscle cells, accelerating atherosclerotic plaque formation (Paneni,
Beckman, Creager, & Cosentino, 2013). Fluctuating and abnormally high
blood glucose levels, caused by postprandial hyperglycemia, can contribute
to abnormal endothelial function (DeFronzo & Abdul-Ghani, 2011). Studies
have also suggested that patients with diabetes have a higher prevalence of
metabolic syndrome, including hypertension, dyslipidemia and central
obesity, all being established risk factors for CVD (DeFronzo & Abdul-Ghani,
2011). Finally, insulin resistance and hyperglycemia are effective inducers of
prolonged stress in the ER (the endoplasmic-reticulum stress pathway). By
downregulating the insulin receptor signaling pathway in macrophages in the
setting of insulin resistance, there is an increase in the unfolded protein
response which finally results in apoptosis. The combination of macrophage
apoptosis and defective phagocytic clearance (defective efferocytosis) seen
in patients with diabetes leads to enhanced plaque necrosis and, in turn,
large necrotic cores independent of lesion size (Moore & Tabas, 2011,
Tabas, Tall, & Accili, 2010). The defect in the macrophage apoptosis pathway
and other pathways in the cell, such as dyslipidemia-mediated
proinflammatory effects and complement activation, synergistically accelerate
the atherosclerotic process. The necrotic core is especially worrisome as
defective efferocytosis leads to secondary cell necrosis with associated
smooth muscle cell death and protease mediated degradation of the
extracellular matrix. This contributes to vulnerable plaque with weakened
fibrous cap that has high risk of rupture (Galis, Sukhova, Lark, & Libby,
1994). The thrombogenic material exposed from the ruptured atherosclerotic
plague activates platelets that aggregate and form thrombus (Virmani et al.,
2002). Insulin resistance with hyperinsulinemia and transient hyperglycemia
are conditions that can be undetected for years, contributing to
atherosclerotic disease and increased risk for CVD.

1.6 Treatment of Type 2 Diabetes in Coronary Artery
Disease

The first steps in the management of prediabetes are lifestyle interventions.
Studies have shown that lifestyle interventions to promote weight loss,
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including low-calorie and low-fat diets, restricted saturated fat intake and
increased monounsaturated fatty acid intake with moderate intensity physical
activity, reduce the risk of developing T2DM both in the short and long term
(Nathan D.M., 2015; Tuomilehto et al., 2001). In addition, metformin has
been found to reduce T2DM development in patients with prediabetes
(Nathan D.M., 2015; Salpeter, Buckley, Kahn, & Salpeter, 2008). The ADA
guidelines recommend lifestyle changes as the first-line treatment for
prediabetes. Furthermore, they also recommend that metformin should be
considered in patients with prediabetes, especially in patients who are <60
years old, with body mass index (BMI) >35 kg/m?, with a history of gestational
diabetes mellitus or in patients who are not responding to initial lifestyle
changes with rising HbAlc (ADA, 2017). These recommendations are largely
based on the Diabetes Prevention Program that demonstrated decreased
incidence of diabetes in patients with prediabetes by 58% with lifestyle
changes and by 31% with metformin, compared to placebo (Knowler et al.,
2002). In addition to lifestyle interventions to promote weight loss, the
European Society of Cardiology (ESC) recommends smoking cessation,
physical exercise, antiplatelet therapy with low-dose aspirin and tight blood
pressure and dyslipidemia management in patients with prediabetes and
CVD, but there is no recommendation on specific antihyperglycemic therapy
(Ryden et al., 2014).

Several studies have looked into whether intensive glycemic control is
beneficial to lowering the risk of macrovascular complications. The Action to
Control Cardiovascular Risk in Diabetes (ACCORD) was a large study in
which patients with T2DM and established CVD or additional risk factors for
CVD were randomized to an intensive treatment group, with target HbAlc of
6.0%, and a standard treatment group. However, after 3.5 years of follow-up
the study was terminated due to higher mortality in the intensive treatment
group (Gerstein et al., 2008). Hypoglycemia was more common in the
intensive treatment group and further analysis suggested that fluctuations in
glucose and difficulty in controlling glucose to target HbAlc might have
contributed to the higher mortality in the intensive treatment group (Bonds et
al., 2010). The Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation (ADVANCE) was another
large randomized clinical trial in which the target HbAlc was 6.5% in the
intensive treatment group. There was reduction in microvascular
complications but not in macrovascular complications after 5 years of
treatment (A. Patel et al., 2008). In addition, no difference was found in
mortality between the intensive and standard treatment groups. The Veterans
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Administration Diabetes Trial (VADT) and the Outcome Reduction with Initial
Glargine Intervention (ORIGIN) focused on patients with T2DM with and
without CVD. The intensive treatment group had a target HbAlc reduction of
1.5% and was treated with insulin in the former trial but with insulin glargine
in the latter. No differences were found in cardiovascular complications
between the intensive treatment and standard care groups in these two
studies (Duckworth et al., 2009; Gerstein et al., 2008). Finally, the Diabetes
and Insulin-Glucose Infusion in Acute Myocardial Infarction (DIGAMI) 2 trial
followed patients with T2DM who had been admitted with acute MI and
discharged on sulphonylurea, metformin or insulin. After approximately 2
years of follow-up, no difference was found in cardiovascular mortality
between the three groups. However, the risk for stroke and non-fatal Ml was
significantly increased in the insulin group (HR 1.73, 95% CI 1.26 - 2.27)
while the risk in the sulphonylurea group was unchanged and lowered in the
metformin group (HR 0.63, 95% CI 0.42 - 0.95; Mellbin et al., 2008). All of
these studies had relatively short follow-up periods, ranging from 2.1 to 6
years. In the United Kingdom Prospective Diabetes Study (UKPDS), patients
with T2DM were randomized to intensive treatment groups, either a
sulfonylurea-insulin group or a metformin group, and a standard care group.
Initially patients were followed annually for 5 years. At that time, no significant
differences were found in macrovascular complications between the intensive
care and standard care groups and the study concluded with no attempts to
maintain assigned therapies. However, at 10-year follow-up there was a
significant risk reduction for Ml and all-cause death in the sulfonylurea-insulin
group, 15% and 13% respectively, and the metformin group, 33% and 27%
respectively, compared to standard care group. This was despite the fact that
differences in HbAlc disappeared in the first year after the study concluded
(Holman, Paul, Bethel, Matthews, & Neil, 2008). This phenomenon of risk
reduction for future cardiovascular events and death years after early strict
glycemic control has been called the “legacy effect” and has also been
observed in patients with type 1 diabetes mellitus (Nathan et al., 2005). What
these studies suggest is that metformin should be a part of standard care
among patients with T2DM and CAD. Also, that early glycemic control is
important in long-term reduction of macrovascular complications, especially
in younger patients with a shorter cumulative duration of T2DM. However,
there is concern that strict glycemic control in older patients may increase the
risk of hypoglycemia and that strict glycemic control for long-term risk
reduction might not be beneficial in older patients. As with prediabetes, the
ESC guidelines recommend smoking cessation, physical exercise,
antiplatelet therapy with low-dose aspirin and tight blood pressure and
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dyslipidemia management in patients with T2DM and CVD as well as target
HbAlc of <7.0% and around 6.5% in patients who are young, have short
duration of T2DM and few comorbidities (Ryden et al., 2014).

Sodium-glucose transport protein 2 (SGLT-2) inhibitors have recently
emerged as a treatment for T2DM (Cefalu & Riddle, 2015). The SGLT-2 is
primary located in the epithelial cells of the proximal convoluted tubule in the
kidneys. It is a major glucose transporter and is responsible for 90% of the
kidney’s glucose reabsorption (Shubrook, Bokaie, & Adkins, 2015). SGLT-2
inhibitors act to prevent glucose reabsorption in the kidneys, thereby
promoting glucose excretion in the urine (glucosuria) and lowering glucose
levels (S. L. Anderson & Marrs, 2012; Li, Zhang, Greenberg, Lee, & Liu,
2011). In addition to be an effective antihyperglycemic agent, it has also been
shown to promote weight loss and lower both systolic and diastolic blood
pressure (Haas, Eckstein, Pfeifer, Mayer, & Hass, 2014). SGLT-2 inhibitors
have also shown promise in lowering cardiovascular morbidity and mortality.
The SGLT-2 inhibitor empagliflozin has been shown to lower the risk of
cardiovascular death, non-fatal Ml or non-fatal stroke (HR 0.86) compared to
placebo (Zinman et al., 2015). The same risk reduction for cardiovascular
death, non-fatal Ml or non-fatal stroke was observed for the SGLT-2 inhibitor
canagliflozin compared to placebo (Neal et al., 2017).

Glucagon-like peptide-1 (GLP-1) agonists have also emerged recently as
a treatment option for T2DM. GLP-1 agonists have been shown to lower
HbAlc by 1% by stimulating glucose-dependent insulin secretion and
biosynthesis, suppressing glucagon secretion and delaying gastric emptying,
which promotes satiety and weight loss (Koliaki & Doupis, 2011; Shyangdan
et al., 2011). GLP-1 agonists have also shown some promise in lowering the
risk for adverse cardiovascular events in patients with T2DM compared to
placebo (Marso, Bain, et al., 2016; Marso, Daniels, et al., 2016). However, a
GLP-1 agonist was not found to be superior in lowering the risk for
cardiovascular events compared to placebo in patients with T2DM where the
majority of patients (73%) had known CVD (Holman et al., 2017).

These data suggest that SGLT-2 inhibitors and GLP-1 agonists could be a
reasonable choice as second- and third-line medical treatments for T2DM in
patients with CVD after first-line treatment with metformin (Davies et al.,
2018).
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1.7 Measuring Atherosclerotic Plaque Burden

Coronary artery disease is common in the general population and is a leading
cause of morbidity and mortality worldwide (Go et al.,, 2014). In addition,
modern medicine has the means to identify certain risk factors for CAD such
as dyslipidemia, hypertension, prediabetes and T2DM. Interventions to
improve risk factors may be provided both at the population level as well as
with individualized lifestyle recommendations and medical treatment.
Therefore, CAD risk factors are suitable for screening in the general
population. Several risk scoring systems have been developed where various
risk factors for CAD, such as age, gender, cholesterol levels, blood pressure,
smoking status and diabetes, are used to predict the risk of developing and
acquiring future CAD (Goff et al., 2014; Wilson et al., 1998). The calculated
risk can then be used to determine and individualize treatment, whether it is
lifestyle changes or medication, to prevent disease progression. However,
despite sophisticated risk scoring systems that are constantly undergoing
refinement, most ACS occurs among the numerous low- or intermediate-risk
subjects with few deaths among the much fewer high-risk individuals (Canto
et al., 2011; G. Rose, 1981). The reason for this apparent paradox is that the
risk scoring system identifies only a small proportion of patients with high risk,
failing to identify people with high lifetime risk and that are wrongly classified
to be in low- or intermediate-risk categories (Berry et al., 2009; Geoffrey
Rose, 2001).

Coronary artery calcium (CAC) scanning with computed tomography (CT)
has been suggested as an option to evaluate risk for future ACS, particularly
in individuals who have been classified to be at intermediate risk (Agatston et
al.,, 1990; Hecht, 2015). CAC has been shown to have robust predictive
power for future ACS with relative risk exceeding other conventional risk
factors (Arad, Goodman, Roth, Newstein, & Guerci, 2005; Detrano et al.,
2008; Hecht, 2015; Hecht & Narula, 2012). Nevertheless, CAC scanning has
not been widely established as a part of primary preventions for CAD in
asymptomatic individuals, mainly due to the high cost of CT imaging and the
radiation exposure of a large portion of asymptomatic, healthy people (Chen
et al., 2010; Gerber et al., 2009).

Ultrasound imaging of the carotid arteries to evaluate carotid intima-media
thickness (cIMT) and carotid plaque has been suggested as an affordable
and less invasive measure for risk classification and determination of
atherosclerotic burden. Intima-media thickness is the measurement of the
two innermost layers of the arterial wall, the tunica intima and tunica media
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(de Groot et al., 2008). However, while cIMT has been found to be predictive
for future cardiovascular events in the setting of clinical trials, it does not
improve cardiovascular risk classification of individuals in the general
population (Lorenz, Schaefer, Steinmetz, & Sitzer, 2010). This might be
because of high inter- and intra-operator variability of cIMT readings and
limited general availability and applicability of the method in the clinical
setting. On the other hand, the presence of atherosclerotic plaque in the
carotid arteries has been found to be superior, compared to cIMT, in
predicting future coronary artery disease and stroke (Inaba, Chen, &
Bergmann, 2012; Mathiesen et al., 2011; Plichart et al., 2011). Carotid
atherosclerotic plaque has also been found to improve risk stratification to
predict future coronary artery disease when added to conventional risk
factors (Polak et al., 2013). Finally, studies have shown an association
between carotid atherosclerotic plague and CAC with similar improvement in
CVD risk classification when added to conventional risk factors (Baber et al.,
2015; Cohen et al., 2013). Therefore, evaluation of carotid atherosclerotic
plagues with ultrasound imaging is a non-invasive and affordable method to
reliably estimate individual atherosclerotic burden.

12



2 Aims

Currently, the prevalence of prediabetes and undiagnosed T2DM among
patients who present with ACS in Iceland is unknown. Previous studies on
dysglycemia and ACS have utilized OGTT to identify dysglycemia. However,
the best method to diagnose T2DM has not been defined in this patient
population and it is unclear whether conventional diagnostic criteria of T2DM,
based on current WHO and ADA criteria, apply to patients with ACS. In
addition, carotid artery ultrasound has not been performed previously to
evaluate differences in atherosclerotic burden of ACS patients with NGM,
new prediabetes or nT2DM. Finally, the prognostic implications of
glucometabolic perturbations according to current WHO and ADA criteria
among ACS patients has not previously been evaluated.

Therefore, the aims of the present study were to evaluate prediabetes and
T2DM in patients with acute coronary syndrome to:

¢ identify the most reliable method of diagnosing type 2 diabetes
mellitus in patients with ACS

e evaluate the relationship between glucometabolic perturbations
and atherosclerotic plague burden in patients with ACS

e evaluate the prognostic implications of glucometabolic
derangements in patients with ACS
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3 Materials and methods

3.1 Study Population

Patients admitted to the coronary care unit of Landspitali, the University
Hospital of Iceland, with a diagnosis of ACS were consecutively included in
the study between June 2013 and October 2014. ACS was defined according
to the joint American College of Cardiology and ESC recommendations
(Alpert et al., 2000). Patients living outside the catchment area of the
hospital, with cognitive dysfunction or patients who died during initial
admission were excluded from the study. Informed written consent was
obtained from all participants prior to any study-related procedure. The study
protocol adhered to the principles of the Declaration of Helsinki (World
Medical Association , 2013) and was approved by the Icelandic Bioethics
Committee (VSN: 13-069-S1). Information on demographics, risk factors,
medication, lifestyle and clinical endpoints were obtained from patients during
admission, hospital records and from the Icelandic National Death Registry
(Statistics Iceland, 2017). Hypertension was defined by documented history
of hypertension or patient on antihypertensive medication at the time of
admission. Smiliarly, patients taking HMG-CoA reductase inhibitors (statins)
at the time of admission or those who had a documented history of
hypercholesterolemia were classified as having dyslipidemia. Patients with a
first-degree family member with a diagnosis of CAD were categorized as
having a positive family history of CAD. All participants in the study were
Caucasian and of European origin.

3.2 Diagnosis of Glucose Metabolism

In patients without a previous diagnosis of T2DM, an evaluation of their
glucose metabolism was carried out with FPG, a standard two-hour OGTT
and HbAlc. After an overnight fast of at least 10 hours, measurements of
FPG and HbAlc were obtained, followed by ingestion of a solution containing
759 glucose. Two hours after ingesting the glucose solution, the 2hPG was
obtained. Measurements of glucose metabolism were performed during
hospitalization, preferably on admission days three to five, and then repeated
at least three months after discharge. All samples collected for venous
plasma glucose measurements were centrifuged and analyzed immediately
after blood collection. Glucose levels were determined using reagents,
calibrators and Vitros 250/950 analyzers from Ortho Clinical Diagnostics
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(Rochester, NY, USA) and HbAlc levels were determined using reagents,
calibrators and a Cobas c311 analyzer (Roche, Mannheim, Germany).

After obtaining glucose metabolism measurements during hospitalization
and three months later, each patient was classified as having NGM,
prediabetes or T2DM based on all six measurments. Classifications were
determined according to WHO or ADA criteria. According to WHO criteria,
prediabetes was defined as either FPG 6.1-6.9 mmol/l (110-125 mg/dL) or
2hPG 7.8-11.0 mmol/l (140-199 mg/dL). According to ADA criteria,
prediabetes was defined as HbAlc 5.7-6.4% (39-47 mmol/mol) or FPG 5.6-
6.9 mmol/l (100-125 mg/dL). Both WHO and ADA criteria define T2DM as
HbA1c 26.5% (48 mmol/mol), FPG 27.0 mmol/l (126 mg/dL) or 2hPG 211.1
mmol/l (200 mg/dL) with at least two measurements above the diabetes cut-
off value in asymptomatic patients (ADA, 2012b; WHO, 2011; WHO, 2006).
Therefore, patients with at least two of the six measurements, obtained
during admission and at follow-up three months later, above the diabetes cut-
off value were diagnosed with T2DM.

3.3 Carotid Ultrasound Imaging (Paper II)

Patients without a previous diagnosis of T2DM underwent a standardized
ultrasound imaging of the carotid arteries to evaluate for cIMT and
atherosclerotic plagues three months after discharge from the hospital. A
Toshiba Aplio 300 system with a two-dimensional 6.8 MHz linear array
transducer was used to perform all ultrasound imaging procedures by a
trained sonographer. Standardized longitudinal B-mode images of the
common carotid artery, bifurcation and internal carotid artery from the near
and far wall in both carotid arteries were examined. The lateral extent of the
common carotid segment was defined relative to the tip of the flow divider,
which is normally the most clearly defined anatomical reference in the
proximity of the carotid bifurcation. The bifurcation and internal carotid
segments were also defined by

Near wall Positioning of the Plaques:
i P1 = Proximal near wall
~— S
T —— P1A =D
— |s?al near wall
/ P2 = Proximal far wall
CA / P2A = Distal far wall
f
c \ P3 = Near wall ICA
= \ P4 = Far wall ICA

P5 = Distal ICA (both near and far wall)

Far wall

Figure 1. Simplified diagram of the common carotid artery bifurcation, external carotid
artery and internal carotid artery.

16



Materials and methods

using the tip of the flow divider. These
segments were defined as: the near wall
and far wall of the carotid bifurcation (BIF)
beginning at the tip of the flow divider and
extending 10 mm proximal to the flow
divider tip; the near wall and far wall of
the proximal 10 mm of the internal carotid
artery (ICA); and the near wall and far
wall of the arterial segment extending
from 10 mm to 20 mm proximal to the tip ;JL«'

of the flow divider into the common
carotid artery (CCA) (Figure 1). A Meijers
arc was applied to obtain standard imaging of the carotid arteries (Figure 2)
(Bjornsdottir et al., 2014).

Figure 2. Meijers arc.

Figure 3. Carotid arteries without significant plaques (above) and with significant
plaques (below).

A predefined 10 mm segment of the CCA, obtained from four angles at
both carotid arteries, was used to assess for cIMT. The mean cIMT
measurement of the near and far walls were determined from a single image
at each interrogation for both CCA. The mean cIMT values from these sites
comprised the cIMT outcome parameter.

Any atherosclerotic plagques in the carotid artery, evaluated from
segments of the BIF and ICA extending 10 mm proximal and distal from the
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tip of the flow divider, were categorized as significant lesions or not. The most
severe lesion per segment was assessed (Sturlaugsdottir et al., 2016).
Patients with at least one clear and easy to visualize atherosclerotic plaque,
with intima media thickness of at least twice the thickness of adjacent sites,
causing at least some diameter reduction of the vessel lumen, were classified
as having significant plaque (Figure 3).

Figure 4. Significant plaque seen in the internal carotid artery with atherosclerotic
plaque bounderies idendified with a red dotted line to calculate total plaque area.

To assess the atherosclerotic plaque quantitatively, Artery Measurements
System software (v.2.02.) was applied to calculate the plague area of all
visible plaques in the BIF and ICA segments (Bjornsdottir et al., 2014). An
isolated thickening at least double the adjacent normal cIMT by visual
assessment was defined as an atherosclerotic plaque. The atherosclerotic
plaque boundaries were traced with a cursor on the computer screen and the
area, calculated in mm?, for each plague was automatically computed by the
software (Figure 4). The total plaque area (TPA) was calculated by summing
the area of all plaques identified. (Bjornsdottir et al., 2014).

3.4 Severity of Coronary Atherosclerosis (Paper Il & II)

The majority of patients underwent coronary angiography during hospital
admission. Coronary arteries with reduction of more than 70% of the
coronary artery lumen were defined as having significant stenosis and
patients were classified as having 0-, 1-, 2- or 3-vessel disease. Gensini
score was also applied to evaluate the coronary artery disease burden and
severity, by the degree of lumen reduction and the importance of the lesion's
location (Gensini, 1983).
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3.5 Paper |

In paper I, 250 patients admitted with ACS without previous diagnosis of
T2DM underwent glucose metabolic measurement by HbAlc, FPG and
2hPG by standard OGTT, during admission and at 3-month follow-up. To
follow WHO and ADA criteria for diagnosis of T2DM, at least two
measurements above the cut-off value for diabetes were required to
diagnose patients with T2DM. Patients with only one value above the diabetic
cut-off value or at least one measurement above the cut-off value for
prediabetes were diagnosed as prediabetic. Patients with all six
measurements within normal limits were classified as having NGM.

3.6 Paper Il

In paper Il, 245 patients admitted with ACS without a previous history of
T2DM underwent glucose metabolic measurements with HbAlc, FPG and
2hPG following standardized OGTT, during admission and at 3-month follow-
up. Diagnosis of T2DM and prediabetes were based on ADA criteria.
Evaluation of glucose metabolism was performed and classified as outlined
for paper I. In addition, these patients underwent standardized ultrasound
imaging of their bilateral carotid arteries for evaluation of atherosclerotic
plaques and cIMT as well as measurement of the total plaque area in both
carotid arteries.

3.7 Paper Il

In paper lll, a total of 372 patients who were admitted with ACS were
consecutively included. Patients without prior history of T2DM were evaluated
for possible dysglycemia with HbAlc, FPG and 2hPG following standard
OGTT, during admission and at 3-month follow-up. As in paper Il, diagnosis
of dysglycemia was based on ADA criteria. Evaluation of glucose metabolism
among patients without prior history of T2DM was performed and classified
as outlined for paper |. Patients with known T2DM (kT2DM) were classified
as such. Patients without a previous diagnosis of T2DM also underwent
standardized ultrasound imaging of their carotid arteries to evaluate
atherosclerotic plaque burden. Patients were followed for clinical end-points
for a mean of 2.9 years. The clinical outcome parameters were combined,
including all-cause death and MI as well as major adverse cardiac events
(MACE), including all-cause mortality, MI, stroke, congestive heart failure
requiring hospitalization and unstable angina requiring percutaneous
coronary intervention. Differences in clinical event rates were then evaluated
among patients with kT2DM, nT2DM, prediabetes and NGM and among
patients with increased TPA in their carotid arteries.
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3.8 Statistical Analysis

Normally distributed continuous variables were presented as means and
standard deviation (SD) while non-normal distributed continuous variables
were presented as median and interquartile range (IQR). Categorical
variables were presented as percentage.

In paper |, the two-sample t-test was applied to estimate differences in
continuous variables, Pearson’s correlation coefficient was calculated, and
significance of correlations was assessed with t-test. Receiver-operating-
characteristic (ROC) curves and the area under the curve (AUC) were
calculated to estimate the diagnostic capacity of HbAlc, FPG and 2hPG to
detect T2DM. The optimal cut-off values were identified at the longest
perpendicular distance from the diagonal line.

In papers Il and lll, the comparison between NGM, prediabetes, nT2DM
and kT2DM (paper 1ll) for continuous and categorical variables were made
with analysis of variance or Kruskal Wallis test and chi-square test,
respectively.

In paper Il, the odds ratio (OR) of having significant plaque in the carotid
arteries, with HbAlc, FPG and 2hPG as predictors, was found with
multivariable logistic regression models. General linear regression models
were used to estimate the association between TPA and risk factors for
atherosclerosis, both unadjusted and adjusted for glucometabolic factors and
conventional atherosclerotic risk factors, including age, gender, hypertension,
hypercholesterolemia, smoking status and BMI. Other baseline variables did
not affect the outcome in the multivariable logistic regression or linear
regression models.

In paper lll, to detect the association between glucometabolic status and
clinical events, a multiple Cox proportional hazard regression analysis was
applied. Adjustments were made for the following risk factors: age, gender,
hypertension, hypercholesterolemia, smoking status, and BMI.  Other
baseline variables did not affect the outcome in multivariate analysis. Results
from the multivariate analysis were reported as HR with 95% confidence
intervals (Cl). Kaplan-Meier curves were created for all-cause mortality or Ml
and MACE, including all-cause mortality, MI, stroke, congestive heart failure
requiring hospitalization and unstable angina requiring percutaneous
coronary intervention. Finally, Poisson regression was used to compare
event-rates between glucometabolic groups. The level of statistical
significance was set at p<0.05. Statistical analysis was executed by using R
software, version 3.2.2 and 3.4.2 (R Core Team, 2016).
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Initially, 533 patients who were admitted to the coronary care unit for ACS
during the study period were consecutively considered for inclusion in the
study. Among these, 90 patients were discharged from the hospital before
the OGTT could be performed and 60 refused participation. After inclusion,
10 patients withdrew their consent for participation in the study. Thus, 373
patients were included in the study (Figure 5).

In paper I, 100 patients were excluded due to prior diagnosis of T2DM, 18
patients did not return for the 3-month repeat glucose metabolism
measurements and therefore did not complete the study protocol, while three
died and one had a stroke. Additionally, one patient was prescribed
metformin before discharge and therefore excluded. Hence, a total of 250
patients comprised the study population in paper I.

In paper Il, 100 patients were excluded with prior diagnosis of T2DM, 24
patients did not undergo ultrasound examination of the carotid arteries, three
patients died, and one had a stroke. The remaining 245 patients comprised
the study population in paper Il

In paper lll, one patient was lost to follow-up with the study population
consisting of the remaining 372 patients. Of note, one patient was initially
wrongly classified as kT2TM and later re-classified as nT2DM in paper lll.

Total of 533 patients admitted with ACS
Excluded:

90 discharged before OGTT

60 refused participation

10 withdrew consent
373 patients included in the study

Paper| Paper Il Paper lll
Excluded: Excluded: Excluded:
= 100 with prior T2OM diagnosis = 100 with prior T2DM diagnosis - 1losttofollow up
18 did not return for repeat - 24 did not undergo carotid
glucose measurements artery ultrasound
3 died - 3 died
1 stroke - 1 stroke
-1 prescribed metformin
250 patients included in paper | 245 patients included in paper Il 372 patients included in paper Il

Figure 5. Flowchart demonstrating the study population of each paper.
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4.1 Diagnosis of Dysglycemia in Acute Coronary Syndromes

In paper I, the mean age was 64.0 (SD 10.9) years and 78.0% were male
(Table 2). FPG was found to be significantly lower at admission, 5.3 mmol/l
(95 mg/dL) compared to 5.5 mmol/l (99 mg/dL) at follow-up (p<0.005) while
2hPG was significantly higher at admission, 7.8 mmol/l (140 mg/dL)
compared to 6.7 mmol/l (121 mg/dL) at follow-up (p<0.005). No significant
difference was detected for HbAlc at admission and at follow-up (5.4% [36
mmol/mol] compared to 5.5% [37 mmol/mol], respectively; p=0.34). Glucose
measurements made on days 2, 3, 4, 5 and 6 or later after admission were
completed among 4.4%, 24.8%, 30.8%, 26.0% and 14.0% of patients,
respectively. No significant difference was found between measurement days
and in the results of FPG and 2hPG. The correlation between glucose
metabolic measurements during admission and at follow-up were 0.63, 0.60
and 0.50 for FPG, 2hPG and HbAlc, respectively (p<0.005).

Table 2. Baseline characteristics of patients included in paper I.

Patients
(n=250)

Age, years (SD) 64.0 (10.9)
Male sex, % (n) 78.0% (195)
Hypertension®, % (n) 56.4% (141)
- Mean SBP, mmHg (SD) 139 (23)
- Mean DBP, mmHg (SD) 77(13)
Hypercholesterolemia®, % (n) 46% (115)
History of smoking®, % (n) 73.6% (184)
- Mean pack per year (SD) 26.7 (20.7)
Family history of CHD?, % (n) 66.0% (165)
Previous history of ACS, % (n) 33.2% (83)
BMI, kg/m? (SD) 286 (4.2)
Woaist-to-hip ratio, cm (SD) 0.98 (0.07)
UAP, % (n) 30.0% (75)
NSTEMI, % (n) 40.8% (102)
STEMI, % (n) 29.2% (73)

SD: standard deviation, SBP: systolic blood pressure, DPB: diastolic blood
pressure, CHD: coronary heart disease, BMI: body mass index, UAP: unstable
angina pectoris, NSTEMI: non-ST elevation myocardial infarct, STEMI: ST
elevation myocardial

“History of hypertension or is on antihypertensive medication.

"History of hypercholesterolemia or is on lipid lowering medication

“History of being a current or previous smoker.

9First degree relative with history of coronary heart disease

During admission, 3%, 5% and 13% of patients were found to be above
the diagnostic cut-off value for T2DM, based on HbAlc, FPG and 2hPG
respectively. Similarly, 3%, 5% and 8% were measured above the diagnostic
cut-off value of T2DM by HbAlc, FPG and 2hPG, respectively, at follow-up
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three months later. Based on the ADA and WHO diagnostic criteria for T2DM,
a total of 18 patients, 7.2% of the study population, were diagnosed with
T2DM.

The reference to diagnose T2DM was at least two measurements out of
the six above the diagnostic cut-off point for T2DM. This was the prerequisite
for sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) calculation.

During admission the sensitivity of HbAlc, FPG and 2hPG to diagnose
T2DM was 33.3%, 61.1% and 77.8%, respectively. The specificity was found
to be 100%, 99.6% and 94.3% for HbAlc, FPG and 2hPG, respectively. At
follow-up the corresponding values for sensitivity were 27.8%, 61.1% and
72.2% and the specificity was 99.0%, 99.6% and 97.0% for HbAlc, FPB and
2hPG, respectively (Table 3).

During admission the PPV of HbAlc, FPG and 2hPG to diagnose T2DM
was 100%, 91.7% and 51.9%, respectively, and the NPV 94.9%, 97.0% and
98.2% for HbAlc, FPG and 2hPG, respectively. At follow-up the
corresponding PPV was found to be 71.4%, 91.7% and 65.0% and the NPV
was 94.7%, 97.0% and 97.8% for HbAlc, FPB and 2hPG, respectively (Table
3).

When the results from all six measurements were combined, the
sensitivity and NPV were both 100% while specificity and PPV were 89.7%
and 44.2%, respectively. The ESC guidelines currently recommend initially
obtaining HbAlc and FPG and if that is inconclusive, OGTT (including FPG
and 2hPG) should be done at follow-up (Ryden et al., 2014). When those
recommendations were applied to the participants in our study, the sensitivity
to diagnose T2DM and NPV was 100% while the specificity and the PPV
were 96.1% and 66.7%, respectively. If the HbAlc was discarded and only
the results from OGTT at admission and at follow-up were used, the
sensitivity and NPV remained 100% but the specificity and the PPV found to
be 90.5% and 45.0%, respectively. Finally, when the OGTT was discarded
and only the results from FPG and HbAlc obtained at admission and during
follow-up, the sensitivity and the NPV fell to 88.9% and 99.1%, respectively,
while the specificity and the PPV rose to 98.3% and 80.0%, respectively
(Table 3).
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4.2 Diagnostic Capacity of Different Glucose Metabolic
Measurements

ROC curves were constructed to analyze the diagnostic capacity of HbAlc,
FPG and 2hPG to detect T2DM. At admission, the AUC for HbAlc, FPG and
2hPG was 0.93, 0.92 and 0.95, respectively (Figure 6, top). At follow-up, the
corresponding AUC values were 0.88, 0.90 and 0.93 for HbAlc, FPG and
2hPG, respectively (Figure 6, bottom). According to the ROC analysis the
optimal cut off value to diagnose T2DM with HbAlc is 6.0% (42 mmol/mol)
during admission, with sensitivity of 77.8% and specificity of 94.6%, and 5.9%
(41 mmol/mol) at follow-up, with sensitivity of 72.2% and specificity of 90.9%.
Similarly, according to ROC calculations the optimal cut-off value to diagnose
T2DM with FPG is 5.9 mmol/l (106 mg/dL) during admission, with sensitivity
of 83.3% and specificity of 93.1%, and 6.3 mmol/l (113 mg/dL) at follow-up,
with sensitivity of 77.8% and specificity of 93.5%. Corresponding values for
2hPG are 11.6 mmol/l (209 mg/dL) during admission, with sensitivity of
87.5% and specificity of 96.0%, and 8.1 mmol/l (146 mg/dL) at follow-up, with
sensitivity of 94.4% and specificity of 84.0%.

4.3 Prediabetes

A total of 53.6% of the study cohort was found to have prediabetes, when the
ADA criteria with HbAlc and FPG during admission and at follow-up were
applied, while 39.2% had NGM. Of those found to have prediabetes, 53.0%
were detected with elevated HbAlc and 77.6% with IFG, while 30.6% had
both HbAlc and IFG elevated. Fewer were found to have prediabetes
according to WHO criteria, using the OGTT (IFG and IGT) during admission
and at follow-up, with 44.4% of the study cohort having prediabetes and
48.4% having NGM. Of those found to have prediabetes, 31.5% were
identified with IFG and 86.5% with IGT, while 18.0% were identified with both
IFG and IGT.

4.4 Atherosclerotic Plaque Burden

In paper Il, the mean age was 64.0 (SD 10.9) years with males comprising
78.0% of the study cohort (Table 4). NGM, prediabetes or nT2DM was
identified in 28.6%, 64.1% and 7.3% of patients, respectively. Significant
atherosclerotic plague was found in 62% of patients in the study cohort. The
mean cIMT and TPA in the study cohort was 0.90 mm (SD 0.15) and 103.3
mm® (SD 64.7), respectively. In comparison, prevalence of significant
plagues in an age- and gender-matched control group from the Icelandic
general population was 20% with mean TPA of 39.1 mm? (Sturlaugsdottir et
al., 2016).
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Figure 6. Receiver-operating-characteristic curves. The ability of HbAlc, fasting
plasma glucose and 2-hour plasma glucose to diagnose T2DM during admission
(above) and at follow-up three months later (below).
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Atherosclerotic plagues were found in 48.5%, 66.9% and 72.2% of
patients with NGM, prediabetes and nT2DM, respectively. In patients with
NGM, prediabetes and nT2DM, TPAs were calculated to be 86.8 mm? (SD
57.2), 108.9 mm” (SD 66.1) and 118.0 mm” (SD 70.7), respectively, with
significant differences between glucometabolic groups (p<0.04). Compared
to patients with NGM, the incremental increase in TPA was 25.5% and 35.9%
among patients diagnosed with prediabetes and T2DM, respectively.

In addition, a significant difference was found between different
glucometabolic groups and the following factors: BMI (p<0.01), waist-to-hip
ratio (p=0.02), smoking status (p=0.03), high-sensitivity C-reactive protein
(hS-CRP; p<0.01), homeostatic model assessment of insulin resistance
(HOMA-IR; p<0.01), number of diseased coronary arteries (p=0.03) and
Gensini score (p=0.04; Table 4). Finally, patients with IGT, either alone or
with IFG as well, were found to have increased TPA compared to patients
with IFG alone (p<0.01; Table 5).

A significant association was seen with cIMT and increased age (for every
5 years) and male gender, 0.030 mm (SE; 0.004, p<0.01) and 0.057 mm (SE;
0.022, p=0.01), respectively, but no significant association was detected
between cIMT and different glucometabolic groups (p=0.28).

4.5 Glucose Metabolic Measurements and Carotid Plaque

Patients with elevated 2hPG (IGT) were found to be at increased risk of
having significant plaque in their carotid arteries, both during admission and
at follow-up with unadjusted OR of 2.37 (95% CI 1.36 — 4.18) and 2.25 (1.21
— 4.35), respectively. When adjusted for conventional risk factors for
atherosclerosis (age, gender, hypertension, hypercholesterolemia, smoking
and BMI), the OR for patients with elevated 2hPG of having significant plaque
in the carotid arteries was 1.92 (95% CI 1.05 — 3.55) and 1.51 (0.74 — 3.18)
during admission and at follow-up, respectively. Neither patients with
elevated FPG (IFG) nor HbAlc, during admission or at follow-up, were found
to have significantly increased risk, unadjusted or adjusted, of having
atherosclerotic plaque in the carotid arteries (Table 6a).
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Table 4. Pertinent characteristics of patients in paper Il divided according to their
glucose metabolism.

NGM (n=70) Prediabetes DM (n=18) p-value
(n=15T7)
Age, years (SD) 64.0 (12.0) 63.9 (10.2) 65.0 (12.5) 0.92
Gender 0.54
-Male 57 (81.4%) 119 (75.8%) 15 (83.3%)
- Female 13 (18.6%) 38 (24.2%) 3(16.7%)
Glucose metabolism
- At admission:
HbA1c, % (SD) 5.1(0.4) 54 (03) 6.5 (1.0) <0.01
FPG, mmol/l (SD) 4.8(04) 5.3 (06) 7.0 (1.5) <0.01
2hPG, mmol/l (SD) 6.3(0.9) 7.9(21) 13.3 (3.3) <0.01
- At follow up:
HbA1c, % (SD) 5.2(0.3) 55(04) 6.1 (0.5) <0.01
FPG, mmol/l (SD) 5.0 (0.4) 5.6 (0.5) 7.1(1.4) <0.01
2hPG, mmol/l (SD) 5.1 (1.0) 6.8 (2.3) 11.9 (3.2) <0.01
hs-CRP, mg/L median (IQR) 0.7 (0.5, 1.3) 1.4(0.7,2.7) 1.4(09,14) <0.01
Insulin, mU/L (SD) 10.47 (6.58) 13.51 (8.90) 16.42 (11.11) 0.07
HOMA-IR, units (SD) 2.33 (1.56) 3.40 (2.41) 4.96 (3.86) <0.01
TPA mm? (SD) 86.8 (57.2) 108.9 (66.1) 118.0 (70.7) 0.04
Grey-scale median (SD) 38 (11) 36 (10) 36 (11) 0.69
Mean cIMT, mm (SD) 0.87 (0.15) 0.91 (0.14) 0.90 (0.15) 0.28
Carotid plague 0.13
- No plague 36 (51.5%) 52 (33.1%) 5(27.8%)
- Significant plaque 34 (48.5%) 105 (66.9%) 13 (72.2%)
BMI, kg/m? (SD) 27.8 (4.0) 288(4.1) 31.4 (4.8) <0.01
WHR (SD) 0.96 (0.07) 0.98 (0.08) 1.01 (0.08) 0.02
Smoking status: 0.03
- Never 44.3% 28.0% 22.2%
- Previous 44.3% 44.0% 44.5%
- Current 11.4% 28.0% 33.3%
FH of CAD® 67.1% 64.3% 72.2% 0.78
Hypercholesterolemia 48.6% 43.9% 55.6% 0.54
Hypertension 52.9% 57.3% 66.7% 0.60
Previous CAD 35.7% 30.6% 50.0% 0.22
SBP, mmHg (SD) 139 (22) 139 (23) 137 (18) 0.93
DBP, mmHg (SD) 77(12) 78 (13) 75(12) 0.71
ACS 0.57
- UAP 31.4% 28.7% 38.9%
-NSTEMI 45.7% 38.9% 33.3%
- STEMI 22.9% 32.4% 27.8%
CAD® 0.03
- 0-vessel 10.8% 71% 0%
- 1-vessel 50.0% 35.4% 33.3%
- 2-vessel 19.6% 37.0% 27.8%
- 3-vessel 19.6% 20.5% 38.9%
Gensini score (SD) 38.2 (37.5) 39.1 (32.4) 60.0 (36.3) 0.04

NGM: normal glucose metabolism, T2DM: type 2 diabetes mellitus, SD: standard deviation, FPG: fasting plasma glucose, 2hPG: 2-

hour plasma glucose, hs-CRP: high-sensitivity C-reactive protein, IQR: interquartile range, HOMA- IR homeostatic model assessment

insulin resistance, TPA: total plaque area, cIMT: carotid intima-media thickness, BMI: body mass index, WHR: waist to hip ratio, FH:

family history, CAD: coronary arlery disease, SBP: systolic blood pressure, DEP: diastolic blood pressure, ACS: acule coronary

syndrome, UAP: unstable angina pectoris, NSTEME non-ST elevation myocardial infarct, STEMI: ST elevation myocardial infarct
SCAD with 1% degree family member, “270% of lumen reduction
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Table 5. Carotid plaque burden among patients with IFG, IGT and combination of IFG

and IGT.
IFG (n=50) IGT (n=42) IFG & IGT (n=52) p-value
TPA, mm? (SD) 87.8 (53.1) 127.4 (70.4) 123.1 (70.9) <0.01
Mean cIMT, mm (SD) 0.88 (0.16) 0.91(0.13) 0.92 (0.13) 0.30
Carotid plaque 0.67
- No plaque 36.0% 28.6% 28.8%
- Significant plague 64.0% 71.4% 71.2%

IFG:impaired fasting glucese, IGT: impaired glucose tolerance, SD: standard deviation, TPA: total plaque area, cIMT: carotid

intima-media thickness.

Similarly, elevated 2hPG (IGT) was also found to be significantly
associated with increased TPA during admission and at follow-up, with, on
average, 35.0 mm? (SE 8.3, p<0.01) and 37.0 mm? (9.2 SE, p<0.01) increase
in TPA, respectively, compared with patients with NGM. Elevated HbAlc
during admission was also associated with significantly increased TPA, 27.3
mm? (SE 10.3, p<0.01), but not at follow-up, 14.5 mm? (SE 9.4, p<0.12). No
association was found between elevated FPG (IFG) and TPA. After adjusting
for conventional risk factors for atherosclerosis, the multiple regression model
showed that patients with elevated 2hPG (IGT) were at significantly
increased risk of having increased TPA, with, on average, 25.5 mm? (SE 7.6,
p<0.01) and 24.0 mm? (SE 8.8, p<0.01) greater TPA during admission and at
follow-up, respectively, compared to those classified with NGM (Table 6b).
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a) The OR of having significant plaque in the carotid arteries of patients diagnosed with dysglycemia based on
different glucometabolic assessments compared to normal glucose level.

Unadjusted OR, p-value | “Adjusted OR, (95% p-value
(95% CI) Cl)

HbAlc
- Dysglycemia during admission 1.31 (0.69 - 2.57) 0.41 0.89 (0.44 - 1.93) 0.74
- Dysglycemia at follow up 1.74 (0.96 - 3.27) 0.07 1.58 (0.82-3.13) 0.18
FPG
- Dysglycemia during admission 1.46 (0.80 - 2.76) 0.23 1.52 (0.77 - 3.08) 0.24
- Dysglycemia at follow up 1.44 (0.85-2.486) 0.18 1.61 (0.89 - 2.96) 012
2hPG
- Dysglycemia during admission 2.37 (1.36 - 4.18) <0.01 1.92 (1.05 - 3.55) 0.04
- Dysglycemia at follow up 2.25 (1.21 - 4.35) 0.01 1.51 (0.74 - 3.18) 0.26

b) Difference in TPA among patients diagnosed with dysglycemia based on different glucometabolic assessment

compared to normal glucose level.

Unadjusted p-value aAdjusted Estimate p-value

Estimate (SE)
HbAlc
- Dysglycemia during admission 27.3 (10.3) <0.01 16.1(9.4) 01
- Dysglycemia at follow up FPG 14.5(9.4) 0.12 13.2(8.5) 01
FPG
- Dysglycemia during admission 6.3 (9.8) 0.52 7.3(8.9) 0.41
- Dysglycemia at follow up 1.67 (8.5) 0.84 6.9 (7.8) 0.38
2hPG
- Dysglycemia during admission 35.0 (8.3) <0.01 25.5(7.6) <0.01
- Dysglycemia at follow up 37.0(9.2) <0.01 24.0 (8.8) <0.01

OR: odds-ratio, Cl: confidence interval, SE: standard error, 2hPG: 2-hour plasma glucose, FPG: fasting plasma glucose.
“Adjusted for age, gender, hypertension, hypercholesterolemia, smoking status, and BMI

Table 6. Carotid plague burden by different glucose methods.

4.6 Glucose Metabolic Derangements and Carotid Plaque
Burden

Patients diagnosed with prediabetes or nT2DM were found to have
unadjusted OR of 2.14 (95% ClI; 1.21 - 3.81) and 2.75 (95% CI; 0.93 — 9.34),
respectively, of having significant atherosclerotic plaque in the carotid arteries
compared to patients with NGM. Having dysglycemia (prediabetes or
nT2DM) was significantly associated with having a significant carotid
atherosclerotic plaque, compared to patients with NGM (unadjusted OR 2.19
[95% CI; 1.25 — 3.87]; Table 7a). Two models were constructed with multiple
logistic regression analysis. First, when adjustments were made for
conventional risk factors for atherosclerosis where the adjusted ORs of
having significant atherosclerotic plaque for patients diagnosed with
prediabetes, nT2DM or dysglycemia, compared to NGM, were 2.14 (95% ClI
1.13 — 4.12), 2.50 (0.75 — 9.51) and 2.17 (95% CI 1.15 — 4.15), respectively
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(Table 7a). Secondly, adjustments were made for conventional
atherosclerotic risk factors and different glucometabolic measurements (FPG,
2hPG and HbAlc) to evaluate whether these variables could explain this
association. The risk of significant plaque for both prediabetes and
dysglycemia remained statistically significant when adjusted for
atherosclerotic risk factors and HbAlc. However, when adjusted for
atherosclerotic risk factors and FPG, the statistical significance for
prediabetes and dysclycemia of having significant atherosclerotic plaque
compared to NGM was lost (OR 1.94 [95% CI 0.89 — 4.29] and 1.93 [95% CI
0.89 — 4.27], respectively). Similarly, when adjusted for atherosclerotic risk
factors and 2hPG, the ORs for prediabetes and dysglycemia were attenuated
to 1.78 (95% CI 0.83 — 3.88) and 1.77 (95% CI 0.83 — 3.84), respectively.

By regression analysis (Table 7b) patients with prediabetes, nT2DM or
dysglycemia (prediabetes or nT2DM) were associated with increased TPA of
22.1 mm?® (SE: 9.3, p=0.02), 31.2 mm?® (SE: 17.0, p=0.07) and 23.0 mm? (SE
9.2, p=0.01), respectively, compared to patients with NGM. After adjusting for
conventional risk factors for atherosclerosis, in a multiple variable regression
model, both prediabetes and dysglycemia were associated with increased
mean TPA of 22.5 mm? (SE: 8.5, p<0.01) and 23.1 mm? (SE 8.4, p<0.01),
respectively, compared to patients with NGM. When adjustments were made
for atherosclerotic risk factors and HbAlc, the TPA remained significantly
increased in both prediabetic and dysglycemic patients compared to NGM
patients. Similarly, when adjusted for atherosclerotic risk factors and FPG,
the TPA remained significantly increased in both prediabetic and dysglycemic
patients compared to NGM patients. However, when additionally adjusted for
2hPG, the differences in patients with prediabetes or dysglycemia compared
to NGM patients were attenuated to 9.6 mm? (SE: 9.9, p=0.34) and 10.0 mm?®
(SE 10.0, p=0.32), respectively (Table 7b). This was a reduction in effect
sizes by 57.3% and 56.7% for prediabetes and dysglycemia, respectively.
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Table 7. Glucose metabolic derangements and carotid plaque burden.

a) The OR of having significant plaque in the carotid arteries among patients diagnosed with prediabetes, T2DM or

dysglycemia defined as any of abnormal ZhPG, HbAIC and fasting glucose.

Maodel 1 Muodel 2 Maodel 3
Unadjusted OR p-value “Adjusted OR p-value " Adjusted OR p-value
(95% CI) (95% CT) (95% CT)
Prediabetes 2,14 (1.21 - 3.81) 0.01 14 (113-4.12) 0.02 1.78 (0.83 — 3.88) 0.14
T2DM 2.75(0.93 - 9.34) 0.08 2.50 (0.75 - 9.51) 0.15 2.18(0.44 - 12.03) 0.35
Dysglycemia 2.19(1.25-3.87) <0.01 2.17(1.15-4.15) 0.02 1.77(0.83 — 3.84) 0.14

b) Difference in TPA among patients diagnosed with prediabetes, T2ZDM and dysglycemia defined as any of abnormal

2hPG, HbATC and fasting glucose.

Model 1 Model 2 Maodel 3
Unadjusted p-value “Adjusted p-value " Adjusted p-value
Estimate mm?* (SE) Estimate mm? (SE) Estimate mm* ‘SE)
Prediabetes 22.1 (9.3) 0.02 22.5 (8.5) <0.01 9.6(9.9) 0.34
T2DM 31.2(17.0) 0.07 29.4(15.5) 0.06 1.1(19.5) 0.95
Dysglycemia 23.0 (9.2) 0.01 23.1 (B.4) <0.01 10.0 (10.0) 0.32

OR: odds ratio, Cl: confidence interval, SE: standard deviation, T2DM: type 2 diabetes mellitus,
ahdjusted for age, gender, hypertension, hypercholesterolemia, smoking status, and BMI
YAdjusted for age, gender, hypertension, hypercholesterolemia, smoking status, BMI and 2hPG during admission and at follow up

4.7 Glucometabolic Status and Prognosis

In paper lll, the mean age was 65.1 (SD 11.8) years and 75.8% of the study
population were male. Patients diagnosed with NGM, prediabetes or nT2DM
were 20.7%, 46.5% and 6.2% of the study cohort, respectively. The
remaining 26.6% had previously been diagnosed with T2DM. As shown in
Table 8 differences were found between glucometabolic groups with respect
to age (p=0.01), smoking status (p=0.03), BMI (p<0.01),
hypercholesterolemia (p<0.01), hypertension (p<0.01), previous CAD
(p<0.01) and being on angiotensin converting enzyme inhibitor/angiotensin I
receptor blocker (p<0.01) and calcium channel blockers (p<0.01) at
discharge.
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Table 8. Pertinent characteristics of patients in paper Il divided according to their

glucose metabolism.

NGM Prediabetes nT2DM kT2DM (n=99) p-value
(n=77) (n=173) (n=23)
Age, years (SD) 63.0 (124) 64.3(10.7) 642(11.9) 68.4 (12.4) 0.011
Gender
- Male 83.1% 75.1% 78.3% 70.7% 0.288
- Female 16.9% 24.9% 21.7% 29.3%
BMI, kg/m? (SD) 28.0(4.0) 289 (4.2) 304 (4.8) 30.6 (5.3) 0.001
Smoking status
- Never 42.9% 27.2% 26.1% 24.2%
- Previous 44.2% 43.9% 39.1% 53.5% 0.025
- Current 13% 28.9% 34.8% 22.2%
FH of CAD 67.5% 64.2% 65.2% 55.7% 0.386
Hyperchelesterolemia 47 4% 42.8% 47.8% 74.7% =0.001
Total cholesterol during follow 3.8(0.9) 4.0(0.9) 4.0(0.8) 4.0(1.1) 0.326
up, mmall, mean (SD)
Hypertension 51.3% 59.0% 56.5% 84.8% =0.001
- SPB, mmHg (SD) 138 (20) 140 (23) 135 (18) 145 (21) 0.073
- DPB, mmHg (SD) 77(12) 78(13) 75(11) 77 (12) 0.756
Previous CAD 35.5% 30.6% 39.1% 55.6% 0.001
ACS
- UAP 29.8% 26.6% 34.8% 28.3%
- NSTEMI 42.9% 38.7% 30.4% 54.5% 0.055
- STEMI 27.3% 34.7% 34.8% 17.2%
Killip class
S| 59.0% 60.0% 68.2% 47.9%
- 36.1% 33.6% 27.3% 49.3% 0.473
S} 4.9% 5.0% 4.5% 1.4%
S ' 0.0% 1.4% 0.0% 1.4%
Medications at discharge
- ASA 92.9% 93.6% 95.7% 91.9% 0.894
- Other antiplatelet 75.3% 75.1% 78.3% 47.7% 0.988
therapy*
- ACEI/ARB 45.5% 56.6% 69.6% 70.7% 0.005
- Beta-blocker 80.5% 90.2% 95.7% 87.9% 0.108
- CCB 9.1% 9.2% 13.0% 35.4% <0.001
- Statin 97.4% 97.1% 100.0% 94.9% 0.576
- Oral diabetes 1.3% 0.6% 21.7% 69.7% <0.001
medication
- Insulin 0% 0% 0% 33.3% <0.001
Extend of CAD (70% luminal
narrowing
- 0Ovessel disease 11.7% 5.8% 0% 5.1%
- 1vessel disease 53.2% 37.2% 31.8% 27.3% =0.001
- 2vessel disease 16.9% 33.7% 36.4% 26.3%
- 3vessel disease 16.9% 19.2% 31.8% 31.3%
- MNotassessed 1.3% 4.1% 0% 10.1%
Revascularization treatment
- PCI 64.9% 68.8% 73.9% 58.6% 0.530
- GCABG 11.7% 14.5% B8.7% 18.2%
- Neither 23.4% 16.8% 17.4% 23.2%

ACEI angiotensin converting enzyme
blocker, ACS: acute coronary syndrome, BM:

nhibitor, ARB: angictensin || receptor blockers, ASA: acetylsalicylic acid, CCB: calcium channel
body mass index, CABG: coronary artery bypass grafling, CAD: coronary artery disease,

DPB: diastolic blood pressure, FH: family history, KT2DM: known type 2 diabetes mellitus, mmdl: mmaoles per litre, NGM: normal glu cose
metabolism, NSTEMI: non-ST elevation myocardial infarct, nT2DM: new type 2 diabetes mellitus, PCL percutaneous coronary
htama_ntiun. SD: standard deviation, SPB: systolic blood pressure, STEMI: ST elevation myocardial infarct, UAP: unstable angina

pectoris,
*clopidogrel, ticagrelor or prasugrel
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Patients were followed on average for 2.9 years (range 2.3 — 4.1). During
the follow-up period, 48 patients died or suffered Ml and 76 patients had a
MACE. For combined all-cause mortality or Ml, the unadjusted HR was 7.1
(95% CI 0.9 — 54.0), 14.6 (95% CI 1.6 — 130.3) and 27.1 (95% CI 3.7 —
199.6) for prediabetes, nT2DM and kT2DM, respectively, compared to
patients with NGM. For MACE, the unadjusted HR for prediabetes, nT2DM
and kT2DM was 1.5 (95% CI1 0.7 — 3.3), 3.1 (95% CI 1.1 — 8.4) and 4.2 (95%
Cl 2.0 — 9.1), respectively, compared to patients with NGM. By applying
multiple Cox proportional hazard regression analysis, adjusting for
conventional atherosclerotic risk factors (age, gender, hypertension,
hypercholesterolemia, smoking status, and BMI) the HR for combined all-
cause mortality or Ml was 5.8 (95% CI 0.8 — 44.6), 10.9 (95% CI 1.2 — 98.3)
and 149 (95% CI 2.0 — 113.7) for prediabetes, nT2DM and kT2DM,
respectively, compared to patients with NGM. Similarly, the adjusted HR for
MACE was 1.4 (95% CI 0.6 — 3.1), 2.9 (95% CI 1.0 — 8.0) and 3.3 (95% ClI
1.5 — 7.6) for prediabetes, nT2DM and kT2DM, respectively, compared to
patients with NGM (Table 9, Figure 7).

Variable N Hazard ratio p
Metabolic class NGM 77 - Reference
Prediabetes 173 : B 5.8 (0.8, 44.6) 0.089
nT2DM 23 : B 10.9 (1.2, 98.3) 0.034
KT2DM 99 E B 14.9 (2.0, 113.7) 0.009
1 2 5 10 20 50 100
Variable N Hazard ratio p
Metabolic class NGM 77 - Reference
Prediabetes 172 : B 1.4 (0.6, 3.1) 0.436
nT2DM 23 ! B 2.9 (1.0, 8.0) 0.046
KT2DM 99 i ] 3.3(L5,7.6) 0.004
1 2 5

Figure 7. Forest plot for adjusted HR for death or Ml (above) and MACE (below) by
glucometabolic status.

Combined all-cause mortality or Ml event rates per 1000 patient-years
among patients with NGM, prediabetes, nT2DM and kT2DM were 4.2, 29.5,
60.3 and 114.2, respectively, with a statistically significant difference between
glucometabolic groups (p<0.01). Likewise, a total of 36.0, 54.7, 113.9 and
163.6 MACE events per 1000 patient-years were ascertained among patients
with NGM, prediabetes, nT2DM and kT2DM, respectively (p<0.01; Table 10).
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Table 9. Risk of adverse outcomes between glucometabolic status groups.

Unadjusted 95% CI p-value Adjusted 95% CI p-value
HR HR
Death/MI
NGM 1.0 - - 1.0 -
Prediabetes 71 0.9-54.0 0.057 5.8 0.8 -44.6 0.089
nT2DM 14.6 1.6 - 130.3 0.017 10.9 1.2-983 0.034
- kT2DM 271 3.7 -199.6 0.001 14.9 2.0-113.7 0.009
MACE
NGM 1.0 - - 1.0 - -
Prediabetes 1.5 0.7-3.3 0.316 14 06-3.1 0.436
nT2DM 31 11-8.4 0.031 29 11-8.0 0.046
kT2DM 4.2 2.0-91 <0.001 33 15-7.6 0.004

Cl: confidence interval, HR: hazard ratio, KT2DM: known type 2 diabetes, MACE: major adverse cardiac events,
MI: myocardial infarction, NGM; normal glucose metabolism, nT2ZDM: new type 2 diabetes.

Patients diagnosed with IFG alone had the fewest events of all-cause
mortality or MI, with a total of 5.9 events per 1000 patient-years, compared to
26.2, 63.2 and 34.2 among patients with both IFG and IGT, IGT alone and
elevated HbAlc, respectively (p<0.04). No difference in MACE events was
detected among different subgroups of patient categories with prediabetes
(p=0.15; Table 11). Kaplan-Meier curves for glucometabolic status and
combined all-cause mortality or Ml and MACE, respectively, are shown in
Figure 8.

The majority of STEMI patients (92%) were treated with urgent
revascularization, primary percutaneous coronary intervention (PCI) (87%) or
urgent coronary artery bypass graft (CABG) surgery (4.7%), and an invasive
approach was used in 76% of NSTEMI patients (PCI 60% and CABG 16%).
Upon admission, no patient was managed with intensive insulin treatment
and no patient with prediabetes or nT2DM were treated with insulin during
the follow-up period. At hospital discharge, oral diabetes medications were
prescribed to 1.3%, 0.6%, 21.7% and 69.7% of patients with NGM,
prediabetes, nT2DM and kT2DM, respectively. Oral diabetes medications
were prescribed to 1.3%, 2.9%, 56.5% and 88.9% of patients with NGM,
prediabetes, nT2DM and kT2DM, respectively, during the follow-up period.
Metformin was prescribed to 43 patients, sulfonylureas to 27, dipeptidyl
peptidase-4 (DDP-4) inhibitors to 11, SGLT2 inhibitors to 9,
thiazolidinediones (TZD) to 3, GLP-1 inhibitors to 2 and insulin to 22 patients
during the follow-up period.
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Table 10. Events per 1000 patient years in different glucometabolic groups.

NGM (n=77) Prediabetes nT2DM kT2DM (n=99)  p-value
(n=173) (n=23)
Death/MI 4.2 29.5 60.3 114.2 <0.001
Mean follow up years 3.2(2.3-37) 3.1 (0.4-4.1) 3.1 (0.7-3.7) 2.7(0.1-3.7)
(range)
MACE 36.0 54.7 113.9 164.6 <0.001
Mean follow up years 3.0(0.1-3.7) 3.0(04.1) 2.9(0.7-3.6) 2.5(0-3.7)

(range)

kT2DM: known type 2 diabetes, MACE: major adverse cardiac events, MI: myocardial infarction, NGM; normal glucose
metabolism, nT2DM: new type 2 diabetes.

4.8 Carotid Atherosclerotic Plague and Prognosis

Patients were divided into quartiles according to carotid TPA. In the lowest
quartile, the TPA ranged from 0 — 56 mm?, in the 2™ quartile the TPA ranged

from 57 — 93 mm?, from 94 — 137 mm?in the 3" quartile and 138 - 333 mm

2

in the highest quartile. Among patients with TPA in the highest quartile the
unadjusted HR for MACE was 2.8 (95% CI 1.09 — 7.11) compared to patients
in the lowest quartile. However, after adjusting for conventional CVD risk
factors a significant increase in HR by quartiles of TPA was no longer
detected. No significant differences in risk for death or Ml were detected
between patients in different quartiles.

Table 11. Events per 1000 patient years between different prediabetes subgroups.

HbAlc (n=20) IFG (n=56) IGT (n=46) IFG & IGT (n=51) p-value
Death/MI 34.2 5.9 63.2 26.2 0.036
MACE 76.5 24.6 56.2 80.7 0.153

HbA1c: Glycated hemoglobin, IFG: impaired fasting glucose, IGT: impaired glucose tolerance, MACE: major adverse cardiac

events, Mi: myecardial infarction
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Figure 8. Kaplan-Meier curves for death or MI (above) and MACE (below) by
glucometabolic status (p<0.001).
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5 Discussion

5.1 Diagnhosis of Type 2 Diabetes in Patients with Acute
Coronary syndromes

In previous studies on diabetes and ACS, a single glucose metabolic
measurements (FPG, 2hPG or HbAlc) above the diabetes cuf-off value has
been sufficient to identify T2DM (Bartnik, Ryden, et al.,, 2004; Hage,
Lundman, Ryden, & Mellbin, 2013; Norhammar et al., 2002). By using the
current ADA and WHO criteria to diagnose T2DM, based on at least 2
measurements above the diagnostic cut-off point for T2DM, we apply a more
robust clinical endpoint for our study, compared to using one measurement
as a diagnostic reference.

As shown in previous studies, we found that measurements of 2hPG had
the highest sensitivity in identifying patients with T2DM while HbAlc had the
lowest sensitivity in identifying T2DM of the three diagnostic tests. On the
other hand, the PPVs for diagnosing T2DM with HbAlc and FPG were
relatively high, ranging from 71.4-100%, while the PPV for 2hPG was lower,
51.9% and 65.0% during admission and at follow-up, respectively. In
practice, PPV is more useful for clinicians to diagnose disease. This is due to
the fact that at the time of the diagnostic work-up the final diagnosis is not at
hand. PPV and NPV provide the likelihood that any given patient will or will
not have a specific diagnosis based on the results of the diagnostic test.
Sensitivity and specificity, however, provide the post-hoc ability of the test to
classify patients into correct diagnostic categories. In the clinical setting of
diagnosing glucometabolic derangements among patients with ACS, the PPV
and NPV are more clinically relevant than sensitivity and specificity.
Moreover, of the 27 patients who were classified as having T2DM according
to 2hPG during admission, only 14 patients were later confirmed to have
T2DM based on ADA and WHO criteria. A lower cut-off point for T2DM was
suggested, by the ROC curves, that would provide optimal sensitivity and
specificity for HbAlc and FPG during admission and at follow-up and for
2hPG at follow-up. However, a higher cut-off point was suggested for 2hPG
during admission for optimal sensitivity and specificity. This suggests that
2hPG may not be helpful shortly after ACS, most likely due to adrenergic
activation with increased insulin resistance causing higher postprandial
hyperglycemia following the insult. Lower cut-off points for T2DM may,
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however, be appropriate for HbAlc and FPG in patients with ACS than those
used in the general population.

No single method is perfect to screen for T2DM in patients with ACS nor
sufficient to diagnose T2DM. When all six measurements from admission and
follow-up are used, the sensitivity would obviously be 100% but the PPV only
44.2%. Similarly, by using the OGTT during admission and follow-up, and
disregarding HbA1lc, the sensitivity was 100% but PPV only 45.0%. The ESC
recommends a staged approach to detect T2DM in patients with CVD as
previously described (Ryden et al., 2014). When the ESC guidelines were
applied, the sensitivity was 100% while the PPV was 66.7% and NPV 100%.
However, the PPV improved when we relied solely on HbAlc and FPG
measurements, during admission and at follow-up, with 88.9% sensitivity in
diagnosing T2DM, PPV of 80.0% and NPV of 99.1%. By abandoning the
OGTT, only 2 patients (0.8%) from a total of 250 would have been
misclassified as having prediabetes instead of being diagnosed with T2DM,
while the OGTT misclassified 20 (8%) of the 250 patients with T2DM
according to WHO and ADA guidelines. Therefore, OGTT seems to have
limitations as a diagnostic tool for T2DM among patients with ACS.

5.2 Identifying Prediabetes in Acute Coronary Syndromes

More patients were classified as having prediabetes according to ADA criteria
using FPG or HbAlc, compared to WHO criteria using the OGTT (FPG or
2hPG), 53.6% and 44.4%, respectively. The proportion of patients found to
have prediabetes on both FPG and HbAlc (ADA criteria) or on the OGTT
(WHO criteria) was relatively low, 30.6% and 18.0%, respectively. Of all
patients found to have prediabetes, 52.2% were found to have prediabetes
by both ADA and WHO criteria. This highlights different aspects of
glucometabolic derangement exposed by the different tests. FPG reflects
hepatic insulin resistance, a failure to hamper gluconeogenesis in the liver,
causing chronic glucose elevation. OGTT reflects insulin resistance in the
muscle with subsequent failure of the islet B cells, resulting in postprandial
hyperglycemia. Finally, HbAlc represents both chronic glucose elevation and
episodes of postprandial hyperglycemia over the last 3 months.

5.3 Glucometabolic Status and Carotid Plaque

To our knowledge, paper Il was the first study to evaluate TPA in patients
with ACS in relation to glucose metabolism classification. A high prevalence
of significant atherosclerotic plaques was observed in the carotid arteries with
an incremental increase in TPA among patients with ACS and diagnosis of
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prediabetes and nT2DM, compared to patients with NGM. By design, all
patients in the study presented with ACS and a great majority of patients had
established coronary artery atherosclerotic disease. For this reason, we
expected to find a high prevalence of significant atherosclerotic disease in the
carotid arteries in this study cohort. We found that the prevalence of
significant atherosclerotic plague was six-fold compared to the general
population in Iceland, 62% in our study compared to 10% in the Icelandic
general population (Sturlaugsdottir et al., 2016). When an age- and gender-
matched control group from the Icelandic general population was explored,
the prevalence of significant plaques was 20% with mean TPA of 39.1 mm?
compared to 103.3 mm? in patients with ACS. This clear contrast highlights
the difference in atherosclerotic burden found in patients with ACS compared
to the general population.

Both prediabetes and dysglycemia were found to be independent
predictors of significant atherosclerotic plaques being present in the carotid
arteries and having increased TPA. Patients with nT2DM had increased risk
of significant plaque and increased TPA in the carotid arteries, compared to
patients with NGM, but the difference did not reach statistical significance.
After adjusting for conventional atherosclerotic risk factors with multiple
logistic regression and linear regression analysis, the statistically significant
association between prediabetes or dysglycemia and having significant
plaques or increased TPA in the carotid arteries remained significant and
nearly unchanged. This suggested addition risk factors, other than the
conventional atherosclerotic risk factors, are attributing to the increased TPA.
Therefore, we evaluated whether different glucometabolic measurements
(HbAlc, FPG and 2hPG) explained increased TPA beyond the
atherosclerotic risk factors that had been previously accounted for. When
further adjustment was made for 2hPG, both the risk of having significant
atherosclerotic plaque and the difference in TPA size became non-significant.
Adjusting for FPG affected the multiple logistic regression analysis and
attenuated the OR of having significant plaque but did not have an effect on
linear regression analysis. Adjusting for HbAlc did not affect either analysis.
This suggests that among the three glucometabolic measurements, 2hPG
has the strongest relation to atherosclerosis in patients with ACS and could
potentially be the driving force for atherosclerosis development. This is
supported by the fact that the 2hPG measurements, during a standard
OGTT, were associated with an increased risk of having significant plague
and increased TPA, compared to NGM patients, while the association was
insignificant for FPG and HbA1c. This is consistent with results from paper I,
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showing that elevated 2hPG is associated with an increased clinical event
rate of death or Ml and MACE on follow-up.

As previously described, the 2hPG identifies patients with insulin
resistance and postprandial hyperglycemia (DeFronzo et al., 1985; Ferrannini
et al., 1988). In order to augment glucose uptake by muscles and to suppress
hepatic gluconeogenesis, the islet B cells respond by producing and secreting
more insulin, resulting in hyperinsulinemia (Nolan et al., 2011). This results in
postprandial hyperglycemia. Both insulin resistance and hyperinsulinemia are
considered to accelerate the development of atherosclerosis through
vascular dysfunction and an increase in reactive oxygen species with
subsequent vascular inflammation and proliferation of smooth muscle cells in
the atherosclerotic plaque (Paneni et al., 2013). That can lead to plaque
instability and rupture, a key process in the development of ACS. In addition,
significant fluctuations in blood glucose, as in postprandial hyperglycemia,
can increase risk of endothelial dysfunction (DeFronzo & Abdul-Ghani, 2011).
Dysglycemia, with associated insulin resistance and hyperglycemia, can have
subtle symptoms and signs that can go undetected for years, contributing to
increased atherosclerotic burden until patients present with potentially fatal
disease.

Patients with prediabetes below the diagnostic cut-off point for T2DM
were found to have increased atherosclerotic burden compared to patients
with NGM. This kind of detectable macrovascular complication in individuals
below the diabetic threshold has also been observed in other studies
(Coutinho et al., 1999; Sinnaeve et al., 2009). Guidelines from the ADA and
WHO are currently based on glucose levels that have been related to the
development of retinopathy (microvascular complication) in the general
population. However, in view of the increased atherosclerotic burden
(macrovascular complication) seen in ACS patients below the diabetic
threshold, it might be appropriate to lower the cut-off values for T2DM. This
view is also supported by the ROC analysis in paper |. Metabolic
derangement and ACS are two clinical disease entities that could be
considered to be two sides of the same coin, sharing atherogenic driving
factors, including obesity, hypertension and a hypercoagulability state that
may be responsible for disease development.

5.4 Glucometabolic Derangement and Prognosis in Acute
Coronary Syndromes

In paper lll, we observed a significantly increased risk of death and MI or
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MACE among patients with nT2DM and kT2DM compared to patients with
NGM, after three years of follow-up. Several studies have shown similar
results in the past but there are differences that need to be highlighted
(Bartnik, Malmberg, et al., 2004; George et al., 2015; Kuhl et al., 2015;
Lenzen et al., 2006; Ritsinger et al., 2015). First, HR for increased risk of
death and MI among patients with nT2DM and kT2DM is markedly higher in
our study (paper Ill) than has previously been reported. In previous studies, a
single OGTT was used to identify nT2DM while OGTT (FPG and 2hPG) and
HbAlc on two separate occasions and a requirement to have at least two
measurements elevated to diagnose nT2DM was used in our study. The
more diagnostically robust method of appling the ADA and WHO criteria to
diagnose nT2DM instead of a single OGTT will reduce the number of false
positives results, and more accurately identify patients with severe
dysglycemia. Therefore, it does not come as a surprise to see higher HRs for
death and MI when more strict diagnostic criteria are applied. We also
observed a much higher risk of death and MI in ACS patients with KT2DM
than previous studies on patients with stable CAD have shown (Lenzen et al.,
2006). The difference in observed risk is most likely due to poorer prognosis
among patients with ACS compared to patients with stable CAD. Secondly, in
contrast to previous studies, the study presented in paper Ill was carried out
in the modern era of dual antiplatelet and high-dose statin therapy with a high
proportion of the patients receiving early invasive treatment. The majority of
STEMI patients (92%) were treated with urgent revascularization, primary
PCI (87%) or urgent CABG surgery (4.7%), and an invasive approach was
used in 76% of NSTEMI patients (PCI 60% and CABG 16%). This represents
modern care of patients with ACS compared to previous studies most of
which were retrospective analyses of datasets sampled 20-30 years ago.
Furthermore, this was a prospective study where patients diagnosed with
new dysclycemia were treated according to current recommendations with
lifestyle interventions and pharmacologic therapy as clinically indicated. Dual
antiplatelet and high-dose statin therapy, early invasive approach and
lifestyle interventions with pharmacologic treatments, such as metformin, are
all known to have a favourable effect on long-term prognosis. The risk of
MACE among patients with nT2DM and kT2DM were similar in paper Ill as
reported by previous studies.

Patients with kT2DM, unsurprisingly, were found to have a higher risk for
future death or MI and MACE compared to nT2DM. However, the duration of
kT2DM was not taken into consideration but it would be expected that long
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exposure to this highly detrimental risk factor would contribute to higher
morbidity and mortality compared to patients with nT2DM.

These results underscore the importance of detecting underlying
dysglycemia in the management of patients with ACS. Current guidelines
recommend antiplatelet therapy with strict control of hypertension and
hypercholesterolemia in patients with T2DM and established CAD (Ryden et
al., 2014). Good glycemic control in addition to adequate management of
comorbities is paramount to lowering risk of future cardiovascular events
(Rawshani et al., 2018). Lifestyle modification with dietary counselling and
regular physical activity to promote weight loss is also recommended in
patients with T2DM. In addition, studies have shown benefits of metformin in
patients with T2DM and CAD, and more recently, SGLT-2 inhibitors, like
empagliflozin and canagliflozin, have also been shown to reduce risk of future
adverse events in this patient population (Mellbin et al., 2008; Neal et al.,
2017; Zinman et al., 2015).

Patients with newly detected prediabetes were found to have increased
near-future risk for cardiovascular events but this risk did not reach statistical
significance, possibly due to a small sample size. Also, the progression from
prediabetes to T2DM can take several years and three years is a relatively
short follow-up period. It is also unknown which patients regress to NGM,
which remain prediabetic for years and which progress to overt T2DM.
Furthermore, clustering of IFG and IGT, two different glucometabolic
abnormalities with different prognostic consequences, may be misleading.
This is highlighted among patients with IGT who were found to have
increased risk of death and MI compared to patients with IFG. A recent study
by Chattopadhyay et al. showed that elevated 2hPG among patients with
acute coronary events is an independent risk factor for future MACE,
highlighting the prognostic value of elevated 2hPG (IGT) (Chattopadhyay,
George, John, & Sathyapalan, 2018). Current guidelines from the ADA
recommend lifestyle modifications to promote weight loss as well as offering
metformin in patients with prediabetes, especially in patients younger than 60
years old, with BMI >35 kg/m” and in women with a history of gestational
diabetes (ADA, 2017; Knowler et al., 2002). This could be even more
important in patients with CAD as a secondary prevention.

5.5 Atherosclerotic Carotid Plaque and Prognosis in Acute
Coronary Syndromes

The presence of carotid plagues has been suggested as a marker for risk
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stratification of CAD in the general population (Polak et al., 2013). However,
in paper lll, after adjusting for conventional risk factors, no difference in
outcome was detected among ACS patients with increased TPA in the
carotid arteries. Even though TPA has been shown to be an independent risk
factor for CAD in the general population, it does not seem to predict adverse
outcome following ACS after nearly 3 years of follow-up. This might be due
to secondary preventive interventions with rigorous anti-atherosclerotic
treatment with platelet inhibitors, statins and tight blood pressure control
according to current guidelines. Additionally, carotid plaque is a surrogate
marker for atherosclerosis in the coronary arteries that is the underlying
problem in the majority of patients with ACS. The culprit lesion is then
addressed, with PCI or CABG surgery, rendering carotid plaque
inconsequential in the prediction of future events following coronary
intervention.

5.6 Limitations and Strengths

There are several limitations to these studies. First, the number of patients is
relatively small, especially for evaluation of mortality and morbidity, and the
follow-up period is short, considering the chronicity of T2DM causing organ
damage over a long period of time. Secondly, in comparison to previous
studies, the prevalence of T2DM was relatively low. This is most likely due to
more strict diagnostic criteria applied to identify T2DM in our studies. Also,
compared to other western countries, the prevalence of T2DM has been low
in the Icelandic population (Bergsveinsson, Aspelund, Gudnason, &
Benediktsson, 2007). Due to this low prevalence, the power to detect a
significant association between T2DM and TPA was limited. Some glucose
measurements were made earlier than the study protocol stated; however, no
significant difference was found in measurements of FPG and 2hPG that
were made on day five compared with measurements made on days 2, 3, 4,
5, 6 or later. It was not possible to determine the duration of T2DM among
patients who had been diagnosed with T2DM before they presented with
ACS. There are no baseline LDL measurements available for the study
cohort. We did not have a control group with patients without ACS; instead
patients with NGM and ACS were used as a control group in papers Il and IIl.
Additionally, we referred to an age- and gender-matched group from the
Icelandic general population as a comparison in paper Il. Finally, participants
in all of the studies were Caucasian and of European origin.

The main strenghts of our study are that this is a prospective
observational study where every patient in Iceland with ACS requiring
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intervention, either with PCI or CABG surgery, are treated at Landspitali, the
University Hospital of Iceland. The great majority of the study participants
finished the study protocol with few dropouts. Due to the setup of the
Icelandic health system, it is convenient to follow patients, making it highly
unlikely that any clinical end-point was missed during the follow-up period.
Finally, these are the first studies on new dysglycemia in ACS patient where
WHO and ADA criteria are used to diagnose T2DM, a more robust method to
diagnose T2DM than has been utilized in previous studies.

5.7 Future Prospects

These studies highlight the importance of evaluating ACS patients for
underlying dysglycemia. Undiagnosed dysglycemia is common in ACS
patients. Studies have shown the benefits of treating T2DM in CAD patients
with lifestyle intervention and pharmacologic treatments for T2DM. In
addition, appropriate management of comorbidities including high cholesterol,
high blood pressure and smoking has shown to have significant impact to
improve cardiovascular outcomes. Further research is needed to optimize
T2DM management in patients with CAD, especially in younger individuals in
this patient population.

It is unclear whether treatment with glucose-lowering medications improve
outcome in ACS patients with prediabetes. Lifestyle interventions and
metformin have shown to lower the risk of developing T2DM, but further
research is needed to evaluate for hard clinical endpoints like mortality or
MACE. A long follow-up period, even more than 10 years, would be required
to evaluate the benefits of treating prediabetes in ACS patients, due to the
slow progression of atherosclerosis over many years. However, current
knowledge suggests that lifestyle interventions should be recommended and
metformin offered to ACS patients with prediabetes to lower the risk of
developing diabetes and potentially lower the lifetime risk for CVD.

In paper I, we suggested lower cut-off values for HbAlc and FPG to
diagnose T2DM in ACS patients. It would be interesting to evaluate whether
lower cut-off values for HbAlc and FPG would be useful in predicting future
mortality and cardiovascular events in ACS patients.

Finally, we plan to continue follow-up on the patients in our study. A
follow-up study on the patients diagnosed with prediabetes could be
performed to see how many patients develop T2DM and whether IFG, IGT or
elevated HbAlc has prognostic value in that aspect. It would be interesting to
see whether further differences in cardiovascular events is observed in
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patients with nT2DM, compared to NGM patients, and whether differences in
cardiovascular events would be observed in patients with prediabetes,
compared to NGM patients, after a longer follow-up period. Patients 65 years
and younger with prediabetes are an especially interesting subgroup as they
have the potential to live for years exposed to dysglycemia that could lead to
poor outcome compared to patients with NGM.
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6 Conclusions

The results of this thesis suggest that repeating FPG and HbAlc during
admission for ACS and three months later can accurately identify previously
unknown T2DM and prediabetes in patients who present with ACS. This
method provides high sensitivity and PPV to diagnose T2DM, significantly
reducing the need for OGTT in patients with ACS, something that is not
clinically practical and generally not done in this patient population.

Patients with ACS have a high prevalence of atherosclerotic plaques in
the carotid arteries with an incremental increase in TPA observed in patients
diagnosed with prediabetes and T2DM compared to patients with NGM.
Patients with elevated 2hPG had a significant increase in TPA and were at
increased risk of having significant atherosclerotic plaques in the carotid
arteries. Even after adjustment for conventional risk factors, the 2hPG
remained a significant predictor of increased atherosclerotic burden in the
carotid arteries. Furthermore, prediabetes was found to have a significant
association with increased atherosclerotic burden in the carotid arteries. This
highlights the risk for macrovascular disease with elevated 2hPG, even below
the diabetic threshold, compared to microvascular disease that seems to
develop at higher glucometabolic cut-off points.

Finally, patients admitted with ACS and kT2DM or nT2DM were found to
be at increased risk of death or Ml and MACE compared to ACS patients with
NGM after three year follow-up. While the combination of FPG and HbAlc is
effective in diagnosing T2DM in patients with ACS, elevated 2hPG is
associated with increased atherosclerotic burden and is a predictor for future
cardiovascular events.

This thesis highlights the importance of improving diagnosis of
prediabetes and T2DM in ACS patients to identify a highly vulnerable patient
group that warrants optimal secondary prevention measures, both
glucometabolic and comorbidity management, to improve outcome.
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Abstract

Background: Previously undetected dysglycaemia is common among patients with acute coronary syndromes (ACSs).
The aim of this study was to identify the most reliable method of diagnosing type 2 diabetes mellitus (T2DM) and
prediabetes in ACS patients.

Methods: Patients admitted to the coronary care unit with ACSs and no previous history of T2DM were consecutively
included in the study. Glucose metabolism was measured by glycated haemoglobin (HbAlc), fasting plasma glucose
(FPG) and 2-hour plasma glucose (2hPG) with a standard oral glucose tolerance test during hospital admission, and
this process was repeated 3 months later. In this study, the diagnosis of T2DM required at least two measurements
above the diabetes cut-off point according to current American Diabetes Association and World Health Organization
criteria.

Results: A total of 250 patients were included in the study. T2DM was diagnosed in 7.2%. The sensitivities for
detecting T2DM were 33.3%, 61.1% and 77.8% during admission and 27.8%, 61.1% and 72.2% at follow-up for HbAlc,
FPG and 2hPG, respectively. The positive predictive values (PPVs) for diagnosing T2DM were 100%, 91.7% and 51.9%
during admission and 71.4%, 91.7% and 65.0% at follow-up for HbAlc, FPG and 2hPG, respectively. The specificities
and negative predictive values were high for all methods. By combining all measurements, the sensitivity was 100%
and the PPV was 44.2%, while the combination of all HbAlc and FPG measurements provided 88.9% sensitivity and
80.0% PPV.

Conclusion: Diagnosis of T2DM can be reliably carried out by repeated measurements of FPG and HbAlc in ACS
patients, with limited added value of an oral glucose tolerance test.
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(ACSs).3 Recently detected dysglycaemia in patients with
myocardial infarction is known to convey a significantly
increased risk of cardiovascular morbidity and mortality.57

Currently, there are two main diagnostic criteria for dys-
glycaemia: the World Health Organization (WHO) crite-
ria® and the American Diabetes Association (ADA)
criteria.!® Both of these criteria concur on the diagnosis of
T2DM using fasting plasma glucose (FPG), a standardised
2-hour oral glucose tolerance test (OGTT) and glycated
haemoglobin (HbAlc) with at least two measurements
required to be above a specific diagnostic cut-off point.3-1!
However, there is a difference in the diagnostic criteria for
prediabetes (presenting a high risk for diabetes). While the
ADA criteria for prediabetes include using FPG, 2-hour
plasma glucose (2hPG) and HbAlc, the WHO criteria
include only FPG and 2hPG, with a higher cut-off value for
FPG compared to the ADA criteria.®!!

These criteria are applied as diagnostic tests in the gen-
eral population. However, the ADA and WHO guidelines
provide no consensus on how to identify metabolic derange-
ment in high-risk groups such as patients with ACSs.

In clinical practice, FPG and HbAlc are frequently
applied diagnostic tools, as they are considered to be more
convenient compared to the OGTT. However, studies sug-
gest that the OGTT identifies a larger proportion of CVD
patients with metabolic derangements than HbAlc or FPG
alone and has been used as the ‘gold standard’ for the diag-
nosis of T2DM for many years. These previous studies
have relied on single measurements of metabolic perturba-
tions as a screening test for diabetes and prediabetes.>*12 A
study on the detection of T2DM in patients with estab-
lished CVD with at least two measurements above the
diagnostic cut-off points according to the current ADA and
WHO guidelines has not been published previously.

The aim of this study was to evaluate the diagnostic
capacity of different methods for identifying T2DM and
prediabetes in patients with ACSs who have not previously
been diagnosed with T2DM.

Methods

Patients admitted to the coronary care unit of Landspitali,
the University Hospital of Iceland, with a diagnosis of ACS
were consecutively included in the study. ACS was defined
according to the joint European Society of Cardiology
(ESC) and American College of Cardiology recommenda-
tions.!3 Patients with known T2DM, cognitive dysfunction
or living outside the catchment area of the hospital were
excluded from the study.

Informed written consent was obtained from each partici-
pant prior to any study-related procedure. The study protocol
adhered to the principles laid out in the Declaration of
Helsinki'* and was approved by the Icelandic Bioethics
Committee (VSN: 13-069-S1). Information on demographics,
risk factors, medication and lifestyle was obtained from the
patients during admission and from hospital records.

Glucose metabolism was evaluated by using FPG,
HbAlc and a standard 2-hour OGTT. The OGTT was per-
formed after an overnight fast of at least 10 hours and after
study subjects ingested a solution containing 75 g of glu-
cose. Blood samples for the measurement of plasma glu-
cose were obtained 2 hours later. Measurements of glucose
metabolism were performed during hospitalisation, ideally
3-5 days after admission, and repeated by at least 3 months
after discharge from hospital. All samples collected for
venous plasma glucose measurements were centrifuged
and analysed immediately after blood collection. Glucose
levels were determined using reagents, calibrators and
Vitros 250/950 analysers from Ortho Clinical Diagnostics
(Rochester, NY, USA) and HbA Ic levels were determined
using reagents, calibrators and Cobas c311 analysers from
Roche (Mannheim, Germany).

After a complete set of measurements during hospi-
talisation and by 3 months later had been obtained, each
patient was classified into one of the following three cat-
egories: normal glucose metabolism (NGM), prediabetes
or T2DM. The classification was based on the WHO or
the ADA criteria, where prediabetes was defined as
either FPG 6.1-6.9 mmol/L (110-125 mg/dL) or 2hPG
7.8-11.0 mmol/L (140-199 mg/dL) according to the
WHO criteria and HbAlc 5.7-6.4% (39-47 mmol/mol)
or FPG 5.6-6.9 mmol/l (100-125 mg/dL) according to
the ADA criteria. Both the WHO and the ADA criteria
define T2DM as HbAlc =6.5% (48 mmol/mol), FPG
=7.0 mmol/L (126 mg/dL) or 2hPG =11.1 mmol/L (200
mg/dL).8-10

The reference or ‘gold standard’ for the diagnosis of
T2DM according to the ADA and WHO guidelines was
when any two measurements were above the specific cut-
off value for HbAlc, FPG or 2hPG during admission and
follow-up, respectively. At least one measurement above
the diagnostic cut-off point for T2DM or for prediabetes
during admission or at follow-up was needed in order to be
classified as having prediabetes.

Standard descriptive statistical methods were used and
the results presented as mean (SD). Differences in continu-
ous variables were estimated with two-sample #-tests.
Pearson’s correlation coefficient was calculated and the
significance of correlations was estimated with #-tests. The
diagnostic capacity of HbAlc, FPG and 2hPG to detect
T2DM was analysed with receiver operating characteristic
(ROC) curves and the area under the curve (AUC) was cal-
culated. Optimal cut-off values were those that maximised
the perpendicular distance from the diagonal line. R (ver-
sion 3.2.2) was used for all statistical analyses.!>

Results

A total of 435 patients admitted to the coronary care unit
with a diagnosis of ACS were eligible for inclusion in the
study. Among these, 90 were discharged before the OGTT
could be performed, 60 refused participation and two died
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shortly after admission. Therefore, 283 patients provided
written informed consent for participation and were
included in the study. Before the follow-up visit at 3
months, 18 patients were lost to follow-up, 10 patients
withdrew consent, three died and one had a stroke. One was
prescribed metformin before discharge and was therefore
excluded. The remaining 250 patients comprised the study
population.

The baseline characteristics of the study population are
presented in Table 1. The mean age was 64.0 (10.9) years,
78.0% were male and all participants in the study were

Table I. Baseline characteristics of the patients included in the
study.

Variable Patients (n=250)
Age, years (SD) 64.0 (10.9)
Male sex, % (n) 78.0% (195)
Hypertension?, % (n) 56.4% (141)

Mean SBP, mmHg (SD) 139 (23)

Mean DBP, mmHg (SD) 77 (13)
Hypercholesterolaemia®, % (n) 46% (115)
History of smoking<, % (n) 73.6% (184)

Mean pack-years (SD) 26.7 (20.7)

Family history of CHD9, % (n)
Previous history of ACS, % (n)

66.0% (165)
33.2% (83)

BMI, kg/m? (SD) 28.6 (4.2)
Waist-to-hip ratio, cm (SD) 0.98 (0.07)
UAP, % (n) 30.0% (75)

NSTEMI, % (n)
STEMI, % (n)

40.8% (102)
29.2% (73)

aHistory of hypertension or is on antihypertensive medication.

bHistory of hypercholesterolaemia or is on lipid-lowering medication.
History of being a current or previous smoker.

dFirst-degree relative with a history of CHD.

SBP: systolic blood pressure; DPB: diastolic blood pressure; CHD: coro-
nary heart disease; BMI: body mass index; UAP: unstable angina pectoris;
NSTEMI: non-ST elevation myocardial infarction; STEMI: ST elevation
myocardial infarction.

Caucasian of European origin. During admission, 4.4%,
24.8%, 30.8%, 26% and 14% of patients had their glucose
measurements taken on day 2, 3, 4, 5 and 6 or later after
admission, respectively. There were no significant differ-
ences in FPG and 2hPG measurements taken on different
days after admission. The mean value of HbAlc was 5.4%
(36 mmol/mol) during admission and was 5.5% (37 mmol/
mol) at follow-up (p=0.338). FPG was significantly lower
during admission, being 5.3 mmol/L (95 mg/dL) compared
to 5.5 mmol/L (99 mg/dL) at follow-up (p<0.005).
However, 2hPG was significantly higher during admission,
being 7.8 mmol/L (140 mg/dL) compared to 6.7 mmol/L
(121 mg/dL) at follow-up (p<0.005). The correlations
between measurements during admission and at follow-up
were 0.50, 0.63 and 0.60 for HbAlc, FPG and 2hPG,
respectively (p<0.005).

During admission, 3%, 5% and 13% of the study popu-
lation was measured above the cut-off value of T2DM for
HbAlc, FPG and 2hPG, respectively. At follow-up 3
months later, 3%, 5% and 8% were measured above the cut-
off value of T2DM for HbAlc, FPG and 2hPG, respec-
tively. When applying the ADA and WHO criteria, 7.2% of
patients with ACSs were diagnosed with T2DM.

The sensitivities of HbAlc, FPG and 2hPG for diagnos-
ing T2DM during admission were 33.3%, 61.1% and 77.8%,
respectively. The specificities were 100%, 99.6% and 94.3%
for HbAlc, FPG and 2hPG, respectively. The corresponding
values at follow-up for sensitivity were 27.8%, 61.1% and
72.2% and for specificity were 99.0%, 99.6% and 97.0% for
HbAlc, FPB and 2hPG, respectively (Table 2).

The positive predictive values (PPVs) of HbAlc, FPG
and 2hPG for diagnosing T2DM during admission were
100%, 91.7% and 51.9%, respectively. The negative pre-
dictive values (NPVs) during admission were 94.9%,
97.0% and 98.2% for HbAlc, FPG and 2hPG, respectively.
The corresponding PPVs at follow-up were 71.4%, 91.7%
and 65.0% and the NPVs were 94.7%, 97.0% and 97.8%
for HbAlc, FPB and 2hPG, respectively.

Table 2. Sensitivities, specificities, positive predictive values and negative predictive values of different measurements for the

diagnosis of type 2 diabetes mellitus.

During admission At follow-up after 3 months Combined results
HbAlc FPG 2hPG HbAlc FPG 2hPG Complete ESC OGTT¢ HbAIc
protocol® guidelines® and FPG?
Sensitivity 33.3% 61.1% 77.8% 27.8% 61.1% 72.2% 100% 100% 100% 88.9%
Specificity 100% 99.6% 94.3% 99.0% 99.6% 97.0% 89.7% 96.1% 90.5% 98.3%
PPV 100% 91.7% 51.9% 71.4% 91.7% 65.0% 44.2% 66.7% 45.0% 80.0%
NPV 94.9% 97.0% 98.2% 94.7% 97.0% 97.8% 100% 100% 100% 99.1%

aHbA | ¢, FPG and 2hPG during admission and at follow-up 3 months later.

bHbA Ic and FPG during admission and FPG and 2hPG at follow-up 3 months later.

FPG and 2hPG during admission and at follow-up 3 months later.
dHbAIc and FPG during admission and at follow-up 3 months later.

HbA I c: glycated haemoglobin; FPG: fasting plasma glucose; 2hPG: 2-hour plasma glucose; ESC: European Society of Cardiology; OGTT: oral glucose
tolerance test; PPV: positive predictive value; NPV: negative predictive value.
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Figure |. Receiver operating characteristic curves. The ability
of HbAlc, FPG and 2hPG to diagnose types 2 diabetes mellitus
during admission (a) and at follow-up 3 months later (b).
HbA I c: glycated haemoglobin; FPG: fasting plasma glucose; 2hPG:
2-hour plasma glucose; AUC: area under the curve; Cl: confidence
interval.

When combining results from HbAlc and FPG during
admission and FPG and 2hPG (OGTT) at follow-up 3
months later according to current ESC guidelines,!¢ the
sensitivity was 100% and the PPV was 66.7%, while for the
combined results from HbAlc and FPG during admission
and at follow-up, the sensitivity was 88.9% and the PPV
was 80.0%.

The diagnostic capacity of HbAlc, FPG and 2hPG for
detecting T2DM was analysed with ROC curves. For
HbAlc, FPG and 2hPG during admission, the AUCs were
0.93, 0.92 and 0.95, respectively (Figure 1(a)). The corre-
sponding values of AUCs at follow-up for HbAlc, FPG and
2hPG were 0.88, 0.90 and 0.93, respectively (Figure 1(b)).

By ROC analysis, the optimal cut-off values for T2DM
were as follows: HbAlc of more than 6.0% (42 mmol/mol)

during admission was able to predict newly diagnosed
T2DM with a sensitivity of 77.8% and a specificity of
94.6%. The corresponding values for FPG of more than 5.9
mmol/L (106 mg/dL) were 83.3% and 93.1%, and for 2hPG
of more than 11.6 mmol/L (209 mg/dL) the corresponding
values were 87.5% and 96.0% (Figure 1(a)). At follow-up 3
months later, a HbAlc value of more than 5.9% (41 mmol/
mol) was able to predict newly diagnosed T2DM with a
sensitivity of 72.2% and a specificity of 90.9%. The corre-
sponding values for FPG of more than 6.3 mmol/L (113
mg/dL) were 77.8% and 93.5%, and for 2hPG of more than
8.1 mmol/L (146 mg/dL) the corresponding values were
94.4% and 84.0% (Figure 1(b)).

The ADA criteria using HbAlc and FPG during admis-
sion and follow-up identified 53.6% of the study cohort as
having prediabetes, while 39.2% had NGM. Impaired fast-
ing glucose (IFG) on the FPG identified 77.6% and HbAlc
identified 53.0% as having prediabetes. The proportion of
patients classified as having prediabetes by both tests was
30.6%. When applying the WHO criteria, using the OGTT
(FPG and 2hPG) during admission and at follow-up, 44.4%
of the study population was found to have prediabetes,
while 48.4% had NGM. IFG on the FPG identified 31.5%
and impaired glucose tolerance on the 2hPG identified
86.5% as having prediabetes. The proportion of patients
classified as having prediabetes by both tests was 18.0%.

Discussion

In the present study, we used current ADA and WHO guide-
lines in order to evaluate the diagnostic capacity of differ-
ent measurements of glucose metabolism in patients who
had been hospitalised with ACSs. Previous studies in this
patient population have used single measurements of FPG
and HbA lc as screening tests in order to detect T2DM as
defined by an abnormal OGTT, and are therefore not
directly comparable to the present study.>*!2 By basing the
diagnosis of T2DM on at least two values above the cut-off
point for T2DM as outlined in current ADA and WHO
guidelines, we have a more robust clinical endpoint com-
pared to using OGTT alone.

In concordance with previous studies on dysglycaemia
in patients with ACSs, we found 2hPG to have the highest
sensitivity for identifying patients with T2DM, while the
HbA 1c has the lowest sensitivity among the three diagnos-
tic tests. However, in this study, the PPVs for diagnosing
T2DM by 2hPG were low, being 51.9% and 65.0% during
admission and at follow-up, respectively. Among the 27
patients classified as having T2DM based on 2hPG during
admission, only 14 patients were later confirmed as having
T2DM according to ADA and WHO guidelines. On the
other hand, the PPVs for HbAlc and FPG were considera-
bly higher, ranging from 71.4% to 100%. The ROC curve
analyses suggest that a lower cut-off point for T2DM would
provide optimal sensitivity and specificity for HbAlc and
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FPG during admission and for all three measurements dur-
ing follow-up, while a higher cut-off point is suggested for
2hPG during admission for optimal sensitivity and speci-
ficity. This indicates that lower cut-off points might be
appropriate for HbAlc and FPG in this patient population,
while 2hPG is not helpful shortly after ACS due to adrener-
gic activation and insulin resistance.

The results shown in Table 2 demonstrate that any single
method is not sufficient to identify T2DM among ACS
patients. When applying the OGTT during admission and at
follow-up, the sensitivity was 100%, but the PPV was only
45.0%. The ESC guidelines for the diagnosis of dysglycae-
mia in patients with CVD recommend a staged approach of
HbA1c and FPG measurements as the first screening test for
all patients with CVD, adding OGTT only for those with
inconclusive results.'® When applying the protocol from the
ESC guidelines, the sensitivity was 100%, while the PPV
was 66.7% and the NPV was 100%. By abandoning the
OGTT and relying solely on HbAlc and FPG during admis-
sion and at follow-up 3 months later, the sensitivity for diag-
nosing T2DM was 88.9%, the PPV was 80% and the NPV
was 99.1% (Table 2). Without the OGTT, only two patients
(0.8%) from a total of 250 would have been misclassified
with prediabetes instead of T2DM. A total of 20 (8%) out of
250 patients were wrongly classified as having T2DM by
the OGTT according to ADA and WHO guidelines.

The prevalence of dysglycaemia is considerably lower
in our study compared to previous studies.® The proportions
of patients classified as having prediabetes by both tests
according to the ADA and WHO criteria were relatively
low, being 30.6% and 18.0%, respectively. The concord-
ance in classifying patients as having prediabetes with both
the ADA and WHO criteria was 52.2%. This reflects the
different aspects of metabolic derangement identified by
HbAlc, FPG and 2hPG.

Several studies have shown an increased risk of future
cardiovascular events and mortality among patients with
acute myocardial infarction and hyperglycaemia, even
below the diabetic threshold.!”!8 Lifestyle interventions
should be offered to patients with prediabetes in order to
prevent them from developing T2DM.! In addition,
patients who have been identified with prediabetes could be
offered pharmacotherapy with metformin in order to reduce
the risk of T2DM development.?° The benefits of metformin
has also been illustrated in the UK Prospective Diabetes
Study, where a long-term follow-up of patients with T2DM
showed a reduced risk of myocardial infarction and all-
cause mortality in patients who had been treated with
metformin.2! Guidelines recommend lifestyle changes for
patients with T2DM of improving diet and increasing phys-
ical activity in order to promote weight loss and lower car-
diovascular risk.'® This underscores the importance of
identifying ACS patients with dysglycaemia.

The risk of CVD is a continuum across glucose values in
the setting of primary prevention. Current guidelines use

cut-off values for diabetes identified by the level that has
been shown to cause microvascular complications in the
general population. While macrovascular complications of
metabolic derangements may occur at lower levels of
plasma glucose,'”!8 it might be appropriate to identify
lower cut-off values in patients suffering from ACSs. This
view is supported by the ROC analysis in the current
results. The two clinical disease entities of metabolic
derangement and ACS may indeed be considered to be two
faces of the same coin, with a few common driving risk fac-
tors such as obesity, hypertension and a hypercoagulability
state that may be responsible for disease development.?
Both conditions call for aggressive secondary preventive
interventions, but more importantly, a broad and compre-
hensive upstream approach in order to reduce the burden of
disease in the future.

A limitation of our study is the relatively low prevalence
of T2DM compared to earlier studies. This is due to the
strict diagnostic criteria applied for T2DM in our study and
the relatively low prevalence of T2DM in the Icelandic
population compared to other western countries.?> During
admission, some measurements were taken early, even
though previous studies have suggested that glucose meas-
urements should be taken on day 4 or 5 after admission due
to insulin resistance during the first days after admission.>1
However, when FPG and 2hPG measurements made on day
5 were compared with measurements made on day 2, 3 or 4
or on day 6 or later, no significant differences were found.
Finally, the participants in the study were all Caucasian of
European origin.

In conclusion, by applying strict diagnostic criteria
according to current ADA and WHO guidelines, our find-
ings indicate that repeated measurements of FPG and
HbA Ic¢ during hospitalisation and 3 months after discharge
reliably identifies previously unknown T2DM in patients
with ACSs. This approach can be used with high sensitivi-
ties and PPVs of detecting T2DM, significantly reducing
the need for OGTT in these patients. Lower cut-off values
for HbAlc and FPG might be appropriate in order to opti-
mise the diagnostic sensitivity with high specificity in this
group of patients with macrovascular disease.
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Abstract

Background

Type 2 diabetes and prediabetes are established risk factors for atherosclerosis. The aim of
this study was to evaluate the atherosclerotic plaque burden in the carotid arteries of
patients with acute coronary syndrome according to their glycemic status.

Methods

Patients with acute coronary syndrome and no previous history of type 2 diabetes were con-
secutively included in the study. Glucose metabolism was evaluated with fasting glucose in
plasma, HbA1c and a standard two-hour oral glucose tolerance test. Atherosclerotic plaque
in the carotid arteries was evaluated with a standardized ultrasound examination where total
plaque area was measured and patients classified as having no plague or a significant pla-
que formation.

Results

A total of 245 acute coronary syndrome patients (male 78%, 64 years (SD: 10.9)) were
included. The proportion diagnosed with normal glucose metabolism, prediabetes and type
2 diabetes was 28.6%, 64.1% and 7.3%, respectively. A significant atherosclerotic plaque
was found in 48.5%, 66.9% and 72.2% of patients with normal glucose metabolism, predia-
betes and type 2 diabetes, respectively. An incremental increase in total plaque area was
found from normal glucose metabolism to prediabetes (25.5%) and from normal glucose
metabolism to type 2 diabetes (35.9%) (p = 0.04). When adjusted for conventional cardio-
vascular risk factors the OR of having significant atherosclerotic plaque in the carotid arter-
ies was 2.17 (95% CI 1.15-4.15) for patients with newly diagnosed dysglycemia compared
to patients with normal glucose metabolism. When additionally adjusted for the 2-hour
plasma glucose after glucose loading (2hPG) the OR attenuated to 1.77 (95% Cl 0.83—
3.84).
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Conclusion

Newly detected dysglycemia is an independent predictor of significant atherosclerotic pla-
que in the carotid arteries with oral glucose tolerance test as a major determinant of carotid
plaque burden in this group of individuals with acute coronary syndrome.

Introduction

Type 2 diabetes mellitus (T2DM) and prediabetes are established risk factors for atherosclero-
sis and cardiovascular disease (CVD) and associated with increased mortality compared to
those with normal glucose metabolism (NGM) [1]. Patients with acute coronary syndromes
(ACS) have a high prevalence of undiagnosed T2DM and prediabetes [2, 3] at hospital admis-
sion. There is evidence that myocardial damage may already be present at the time of clinical
diagnosis of T2DM indicating that the dysglycemia (T2DM or prediabetes) has remained
undiagnosed for months or years [4]. Moreover, studies have indicated that newly diagnosed
dysglycemia in patients with myocardial infarction is a major risk factor for future cardiovas-
cular events [5, 6]. It therefore has been recommended to screen for metabolic derangements
in patients admitted to hospital for ACS [7].

Atherosclerotic disease in the carotid arteries has been associated with coronary artery dis-
ease and is an indicator of an increased atherosclerotic burden [8]. Measuring total plaque
area (TPA) in the carotid arteries is a noninvasive method to quantify atherosclerotic burden.
Carotid plaque is also an independent predictor of CVD and improves risk stratification in
addition to traditional risk factors for CVD [9, 10].

We hypothesized that patients with ACS have a high prevalence of atherosclerotic plaque in
the carotid arteries and that ACS patients with newly diagnosed T2DM and prediabetes have
increased atherosclerotic burden compared to ACS patients with NGM. Therefore, we set out
to evaluate the atherosclerotic plaque burden in the carotid arteries of patients with ACS and
related the plaque burden to newly detected metabolic derangements.

Methods
Study population

Patients admitted to the coronary care unit of Landspitali, the University Hospital of Iceland
with the diagnosis of ACS were consecutively included in the study between June 2013 to
October 2014. ACS was defined according to the joint European Society of Cardiology (ESC)
and American College of Cardiology recommendations [11]. Patients with previously known
T2DM, cognitive dysfunction, living in a nursing home or outside the catchment area of the
hospital were excluded from the study.

Prior to any study related procedure informed written consent was obtained for each par-
ticipant. The study protocol adhered to the principles laid out in the Declaration of Helsinki
[12] and was approved by the Icelandic Bioethics Committee (VSN: 13-069-S1). Information
on prespecified demographic, personal, medication and lifestyle data were obtained from
patients during admission and from hospital records. Patients with previous history of hyper-
tension or on blood pressure lowering medication were classified as having hypertension.
Likewise, patients with previous history of hypercholesterolemia or on statins were classified
as hypercholesterolemia. Patients with 1* degree family members with coronary artery disease
(CAD) were defined as having family history of CAD.
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Diagnosis of glucose metabolism

Glucose metabolism was evaluated after an overnight fast of at least ten hours with fasting
plasma glucose (FPG), glycated hemoglobin (HbAlc) and a standard oral glucose tolerance
test (OGTT). Two hours after ingesting a solution containing 75 g of glucose measurements of
plasma glucose (2hPG) were made. Measurements of glucose metabolism were made during
hospitalization, generally on third to fifth day after admission, and repeated at least three
months later. All samples collected for venous plasma glucose measurements were centrifuged
and analyzed immediately after blood collection. Glucose levels were determined using re-
agents, calibrators and Vitros 250/950 analyzers from Ortho Clinical Diagnostics, Rochester,
USA and HbA1c levels were determined using reagents, calibrators and Cobas c311 analyzer
from Roche, Mannheim, Germany.

The classification of glucose metabolism was based on the American Diabetes Association
(ADA) criteria, where prediabetes was defined as HbAlc 5.7-6.4% (39-47 mmol/mol), FPG
5.6-6.9 mmol/l (100-125 mg/dL) or 2hPG 7.8-11.0 mmol/l (140-199 mg/dL) and T2DM as
HbAlc >6.5% (48 mmol/mol), FPG >7.0 mmol/l (126 mg/dL) or 2hPG >11.1 mmol/l (200
mg/dL) [13]. Patients were classified as having T2DM if at least two measurements were above
the cut-point for T2DM according to the ADA criteria while patients with one measurement
above the cut-point of T2DM or at least one measurement above the cut-point for prediabetes
were classified as having prediabetes.

Carotid imaging
Three months after discharge an ultrasound imaging of the carotids was performed according
to a standardized protocol [14]. A Toshiba Aplio 300 system with a two-dimensional 6.8 MHz
linear array transducer was used for all ultrasound imaging by a trained sonographer. Stan-
dardized longitudinal B-mode images of the common carotid artery, bifurcation and internal
carotid artery from the near and far wall in the left and right carotid arteries were examined.
The lateral extent of the common carotid segment was defined relative to the tip of the flow
divider, which is normally the most clearly defined anatomical reference in the proximity of
the carotid bifurcation. The bifurcation and internal carotid segments were also defined by
using the tip of the flow divider. The segments were defined as: the near wall and far wall of
the arterial segment extending from 10 mm to 20 mm proximal to the tip of the flow divider
into the common carotid artery (CCA); the near wall and far wall of the carotid bifurcation
beginning at the tip of the flow divider and extending 10 mm proximal to the flow divider tip
(BIF); and the near wall and far wall of the proximal 10 mm of the internal carotid artery
(ICA). Images for the assessment of the carotid intima-media thickness (cIMT) were acquired
from the predefined 10 mm segment of each CCA at defined interrogation angles using the
Meijers arc [15] and standard images obtained from four angels at each site. The mean cIMT
of the near and far walls were determined from a single image at each interrogation for both
CCA and the mean cIMT values from these sites comprised the cIMT outcome parameter.
Atherosclerotic plaques in the carotid artery segments (BIF and ICA) extending 10 mm
proximal and distal from the tip of the flow divider, were categorized as a significant or not.
The most severe lesion per segment was assessed [16]. Patients with a least one, clear, reason-
able easy to be visualized plaque with intima media thickness of at least twice the thickness of
adjacent sites causing at least some diameter reduction of the vessel lumen were classified as
having significant plaque. In addition, the Artery Measurements System software (v.2.02.) was
used to assess quantitatively the plaque area of all visible plaques in the BIF and ICA segments.
An atherosclerotic plaque was defined by an isolated thickening at least double the adjacent
normal cIMT by visual assessment. The plaque boundaries were traced with a cursor on the
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computer screen and the area (mm?) for each plaque automatically computed by the program.
The TPA was calculated by summing the area of all individual plaques. Acquisition and inter-
pretations were made by trained sonographers [14].

Severity of coronary atherosclerosis

All patients underwent coronary angiography during admission. Coronary arteries with
lumen reduction of more than 70% were considered to have a significant stenosis and patients
classified of having 0-, 1-, 2- or 3-vessel disease. Gensini score was applied to evaluate the coro-
nary artery disease by the degree of lumen reduction and the importance of the lesion s loca-
tion [17].

Statistical analysis

Categorical variables were presented as percentage. Normally distributed continuous variables
were presented as means (standard deviation, SD), otherwise as median with interquartile range
(IQR). Between group comparison of NGM, prediabetes and T2DM was made using the chi-
square test and analysis of variance or Kruskal Wallis test for categorical and continuous vari-
ables, respectively. The odds ratio (OR) of having significant plaque in the carotid arteries was
estimated with a multivariable logistic regression model. The predictors used were HbAlc, FPG
and 2hPG. The association between TPA and risk factors for atherosclerosis was evaluated with
general linear regression models, both unadjusted and adjusted for glucometabolic factors and
conventional atherosclerotic risk factors: age, gender, hypertension, hypercholesterolemia,
smoking status and BMI. The level of statistical significance was set at p<0.05. All statistical
analyses were performed using the R software version 3.2.2. [18]

Results

A total of 435 patients admitted to the coronary care unit with the diagnosis of ACS were con-
sidered for inclusion in the study. Among these, 90 were discharged before the OGTT could
be performed, 60 refused participation and two died shortly after admission. Therefore, 283
patients were included in the study shortly after admission. Before the follow-up visit at 3
months, 21 patients were lost to follow-up, 13 patients withdrew consent, three died and one
had a stroke. The remaining 245 patients comprised the study population.

The baseline characteristics of the study population are presented in Table 1. The mean age
was 64.0 (SD 10.9) years, 78.0% were male and all participants in the study were Caucasian of
European origin. A total of 28.6%, 64.1% and 7.3% were diagnosed with NGM, prediabetes
and T2DM, respectively. The mean TPA and cIMT in the study population was 103.3 mm?>
(SD 64.7) and 0.90 mm (SD 0.15), respectively.

At least one atherosclerotic plaque was detected in 48.5%, 66.9% and 72.2% of patients with
NGM, prediabetes and T2DM, respectively (Table 2). A significant difference in TPA was
found between patients diagnosed with NGM (86.8 mm? (SD 57.2)) prediabetes (108.9 mm?
(SD 66.1)) and T2DM (118.0 mm? (SD 70.7)) (p<0.04). The incremental increase in TPA was
25.5% and 35.9% among patients diagnosed with prediabetes and T2DM, respectively, com-
pared to patients with NGM. A significant difference in BMI, waist-to-hip ratio, smoking sta-
tus, high-sensitivity C-reactive protein (hS-CRP), insulin resistance (HOMA-IR), number of
diseased coronary arteries and Gensini score was found between different glucose metabolism
categories (Table 2). Increased TPA was detected among patients with impaired glucose toler-
ance (IGT), either alone or in combination with impaired fasting glucose (IFG), compared
with patients with isolated IFG (Table 3). No difference was detected in cIMT between patients
with different glucose metabolism categories while an association with cIMT was found
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Table 1. Baseline characteristics.

(n =245)
Age, years (SD) 64.0 (10.9)
Gender
- Male 191 (78%)
- Female 54 (22%)
Glucose metabolism
- At admission:
HbA1c, % (SD) 5.4 (0.5)
FPG, mmol/l (SD) 5.3(0.9)
2hPG, mmol/l (SD) 7.8(2.6)
- At follow-up:
HbA1c, % (SD) 5.5 (0.4)
FPG, mmol/l (SD) 5.5(0.8)
2hPG, mmol/l (SD) 6.7 (2.6)
hs-CRP, mg/L (IQR) 1.1(0.6,2.3)
Insulin, mU/L (SD) 12.8 (8.6)
HOMA-IR (SD) 3.2(2.4)
TPA, mm? (SD) 103.3 (64.7)
Grey-scale median (SD) 37 (10)
Mean cIMT, mm (SD) 0.90 (0.15)
Carotid plaque
- No plaque 93 (38.0%)
- Significant plaque 152 (62.0%)
BMI, kg/m? (SD) 28.7 (4.2)
WHR (SD) 0.98 (0.07)
Smoking status:
- Never 32.2%
- Previous 44.1%
- Current 23.7%
FH of CAD? 65.7%
Hypercholesterolemia 46.1%
Hypertension 56.7%
Previous CAD 33.5%
SBP, mmHg (SD) 139 (22)
DBP, mmHg (SD) 77 (13)
ACS
- UAP 30.2%
- NSTEMI 40.4%
- STEMI 29.4%
CAD®
- 0-vessel 7.8%
- 1-vessel 39.8%
- 2-vessel 28.7%
- 3-vessel 23.7%
Gensini score (SD) 40.4 (34.6)

SD: standard deviation, FPG: fasting plasma glucose, 2hPG: 2-hour plasma glucose, hs-CRP: high-
sensitivity C-reactive protein, IQR: interquartile range, HOMA-IR: homeostatic model assessment insulin
resistance, TPA: total plaque area, cIMT: carotid intima-media thickness, BMI: body mass index, WHR:
waist to hip ratio, FH: family history, CAD: coronary artery disease, SBP: systolic blood pressure, DBP:
diastolic blood pressure, ACS: acute coronary syndrome, UAP: unstable angina pectoris, NSTEMI: non-ST
elevation myocardial infarct, STEMI: ST elevation myocardial infarct

2CAD with 1! degree family member

©>70% of lumen reduction

https://doi.org/10.1371/journal.pone.0183839.t001
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Table 2. Pertinent characteristics of patients divided according to their glucose metabolism.

NGM (n =70) Prediabetes (n = 157) DM (n=18) p-value
Age, years (SD) 64.0 (12.0) 63.9 (10.2) 65.0 (12.5) 0.92
Gender 0.54
- Male 57 (81.4%) 119 (75.8%) 15 (83.3%)
- Female 13 (18.6%) 38 (24.2%) 3(16.7%)
Glucose metabolism
- At admission:
HbA1c, % (SD) 5.1(0.4) 5.4 (0.3) 6.5(1.0) <0.01
FPG, mmol/l (SD) 4.8 (0.4) 5.3(0.6) 7.0(1.5) <0.01
2hPG, mmol/l (SD) 6.3(0.9) 7.9 (2.1) 13.3(3.3) <0.01
- At follow-up:
HbA1c, % (SD) 5.2(0.3) 5.5 (0.4) 6.1(0.5) <0.01
FPG, mmol/l (SD) 5.0 (0.4) 5.6 (0.5) 7.1 (1.4) <0.01
2hPG, mmol/l (SD) 5.1 (1.0) 6.8 (2.3) 11.9 (3.2) <0.01
hs-CRP, mg/L median (IQR) 0.7 (0.5,1.3) 1.4(0.7,2.7) 1.4(0.9, 1.4) <0.01
Insulin, mU/L (SD) 10.47 (6.58) 13.51 (8.90) 16.42 (11.11) 0.07
HOMA-IR, units (SD) 2.33 (1.56) 3.40 (2.41) 4.96 (3.86) <0.01
TPA, mm? (SD) 86.8 (57.2) 108.9 (66.1) 118.0(70.7) 0.04
Grey-scale median (SD) 38 (11) 36 (10) 36 (11) 0.69
Mean cIMT, mm (SD) 0.87 (0.15) 0.91(0.14) 0.90 (0.15) 0.28
Carotid plaque 0.13
- No plaque 36 (51.5%) 52 (33.1%) 5(27.8%)
- Significant plaque 34 (48.5%) 105 (66.9%) 13 (72.2%)
BMI, kg/m? (SD) 27.8(4.0) 28.8 (4.1) 31.4 (4.8) <0.01
WHR (SD) 0.96 (0.07) 0.98 (0.08) 1.01 (0.06) 0.02
Smoking status: 0.03
- Never 44.3% 28.0% 22.2%
- Previous 44.3% 44.0% 44.5%
- Current 11.4% 28.0% 33.3%
FH of CAD? 67.1% 64.3% 72.2% 0.78
Hypercholesterolemia 48.6% 43.9% 55.6% 0.54
Hypertension 52.9% 57.3% 66.7% 0.60
Previous CAD 35.7% 30.6% 50.0% 0.22
SBP, mmHg (SD) 139 (22) 139 (23) 137 (18) 0.93
DBP, mmHg (SD) 77 (12) 78 (13) 75 (12) 0.71
ACS 0.57
- UAP 31.4% 28.7% 38.9%
- NSTEMI 45.7% 38.9% 33.3%
- STEMI 22.9% 32.4% 27.8%
CAD® 0.03
- 0-vessel 10.8% 71% 0%
- 1-vessel 50.0% 35.4% 33.3%
- 2-vessel 19.6% 37.0% 27.8%
- 3-vessel 19.6% 20.5% 38.9%
Gensini score (SD) 38.2 (37.5) 39.1(32.4) 60.0 (36.3) 0.04

NGM: normal glucose metabolism, T2DM: type 2 diabetes mellitus, SD: standard deviation, FPG: fasting plasma glucose, 2hPG: 2-hour plasma glucose,
hs-CRP: high-sensitivity C-reactive protein, IQR: interquartile range, HOMA-IR: homeostatic model assessment insulin resistance, TPA: total plaque area,
cIMT: carotid intima-media thickness, BMI: body mass index, WHR: waist to hip ratio, FH: family history, CAD: coronary artery disease, SBP: systolic blood
pressure, DBP: diastolic blood pressure, ACS: acute coronary syndrome, UAP: unstable angina pectoris, NSTEMI: non-ST elevation myocardial infarct,
STEMI: ST elevation myocardial infarct

2CAD with 1! degree family member

©>70% of lumen reduction

https://doi.org/10.1371/journal.pone.0183839.002
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Table 3. Carotid plaque burden among patients with IFG, IGT and combination of IFG and IGT.

IFG (n = 50) IGT (n =42) IFG & IGT (n = 52) p-value
TPA, mm? (SD) 87.8(53.1) 127.4 (70.4) 123.1 (70.9) <0.01
Mean cIMT, mm (SD) 0.88 (0.16) 0.91(0.13) 0.92 (0.13) 0.30
Carotid plaque 0.67
- No plaque 36.0% 28.6% 28.8%
- Significant plaque 64.0% 71.4% 71.2%

IFG: impaired fasting glucose, IGT: impaired glucose tolerance, SD: standard deviation, TPA: total plaque area, cIMT: carotid intima-media thickness.

https://doi.org/10.1371/journal.pone.0183839.t003

between different age categories (per 5 years) and gender, 0.030 mm (SE; 0.004, p<0.01) and
0.057 mm (SE; 0.022, p = 0.01), respectively.

When the relationship between the different glucometabolic assessments and carotid pla-
que were examined, only the 2hPG during admission and at follow-up showed statistically sig-
nificant unadjusted OR of having significant plaque in the carotid arteries, being 2.37 (95% CI
1.36-4.18) and 2.25 (1.21-4.35), respectively. For HbAlc and FPG classification of dysglyce-
mia the unadjusted OR for the detection of atherosclerotic plaque in the carotids did not reach
statistical significance (Table 4A).

When adjusted for conventional atherosclerotic risk factors, the OR for patients diagnosed
with dysglycemia according to the 2hPG during admission of having significant plaque in the
carotid arteries was 1.92 (95% CI 1.05-3.55) and 1.51 (0.74-3.18) at follow-up. However, the
ORs for HbAlc and FPG remained statistically non significant.

Table 4. Carotid plaque burden by different glucose methods.

a) The OR of having significant plaque in the carotid arteries of patients diagnosed with dysglycemia based on different glucometabolic assessments
compared to normal glucose level.

Unadjusted OR, (95% Cl) p-value @Adjusted OR, (95% Cl) p-value

HbA1c

- Dysglycemia during admission 1.31(0.69-2.57) 0.41 0.89 (0.44-1.93) 0.74

- Dysglycemia at follow-up 1.74 (0.96-3.27) 0.07 1.58 (0.82-3.13) 0.18
FPG

- Dysglycemia during admission 1.46 (0.80—2.76) 0.23 1.52 (0.77-3.08) 0.24

- Dysglycemia at follow-up 1.44 (0.85-2.46) 0.18 1.61(0.89-2.96) 0.12
2hPG

- Dysglycemia during admission 2.37(1.36-4.18) <0.01 1.92 (1.05-3.55) 0.04

- Dysglycemia at follow-up 2.25(1.21-4.35) 0.01 1.51(0.74-3.18) 0.26
b) Difference in TPA among patients diagnosed with dysglycemia based on different glucometabolic assessment compared to normal glucose level.

Unadjusted Estimate (SE) p-value 2Adjusted Estimate (SE) p-value

HbA1c

- Dysglycemia during admission 27.3(10.3) <0.01 15.1(9.4) 0.11

- Dysglycemia at follow-up 14.5(9.4) 0.12 13.2(8.5) 0.12
FPG

- Dysglycemia during admission 6.3 (9.8) 0.52 7.3(8.9) 0.41

- Dysglycemia at follow-up 1.67 (8.5) 0.84 6.9 (7.8) 0.38
2hPG

- Dysglycemia during admission 35.0(8.3) <0.01 25.5(7.6) <0.01

- Dysglycemia at follow-up 37.0(9.2) <0.01 24.0(8.8) <0.01

OR: odds-ratio, Cl: confidence interval, SE: standard error, 2hPG: 2-hour plasma glucose, FPG: fasting plasma glucose.
2Adjusted for age, gender, hypertension, hypercholesterolemia, smoking status, and BMI

https://doi.org/10.1371/journal.pone.0183839.t004
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The relationship between the diagnosis of dysglycemia by the three different methods and
TPA is shown in Table 4B. Only 2hPG showed a statistically significant association with TPA
both during admission and follow up. HbAlc during admission was associated with an increase
in mean TPA but was not statistically significant at the follow up. Based on the multiple regression
model, after adjusting for conventional atherosclerotic risk factors, TPA was significantly associ-
ated with 2hPG during admission and at follow-up with 25.5 mm? (SE 7.6, p<0.01) and 24.0
mm?® (SE 8.8, p<0.01) greater TPA, respectively, compared to those with normal glucose level.

The unadjusted OR of patients diagnosed with prediabetes, T2DM and dysglycemia of hav-
ing significant atherosclerotic plaque in their carotid arteries compared to patients with NGM
was 2.14 (95% CI; 1.21-3.81), 2.75 (95% CI; 0.93-9.34) and 2.19 (95% CI; 1.25-3.87), respec-
tively (Table 5A, model 1).

From the multiple logistic regression analysis after adjusting for conventional atheroscle-
rotic risk factors the ORs of having significant atherosclerotic plaque for patients diagnosed
with prediabetes, T2DM and dysglycemia (determined by abnormal results in either 2hPG,
HbA1C or FPG) compared to NGM was 2.14 (95% CI 1.13-4.12), 2.50 (0.75-9.51) and 2.17
(95% CI 1.15-4.15), respectively (Table 5A, model 2). To examine if any of the dysglycemic
metabolic determinants might explain this association we additionally adjusted for 2hPG,
HbA1C and fasting glucose both during admission and at follow-up. When adjusted for 2hPG
the statistical significance of the ORs for patients diagnosed with prediabetes and dysglycemia
of having significant atherosclerotic plaque compared to NGM was lost and became 1.78 (95%
CI0.83-3.88) and 1.77 (95% CI 0.83-3.84), respectively (Table 5A, model 3). When adjusted
for FPG during admission and at follow-up the ORs were also attenuated 1.94 (95% CI 0.89-
4.29) and 1.93 (95% CI 0.89-4.27) for prediabetes and dysglycemia respectively, but remained
significant when adjusted for HbAlc during admission and at follow-up.

Based on regression analysis, the diagnosis of prediabetes, T2DM and dysglycemia was as-
sociated with an increase in TPA of 22.1 mm? (SE: 9.3, p=0.02),31.2 mm? (SE: 17.0, p=0.07)
and 23.0 mm? (SE 9.2, p = 0.01), respectively, compared to patients with NGM (Table 5B, model
1). From the multiple variable regression model after adjusting for conventional atherosclerotic
risk factors a significant increase in TPA was associated with the diagnosis of prediabetes and

Table 5. Glucose metabolic derangements and carotid plaque burden.

a) The OR of having significant plaque in the carotid arteries among patients diagnosed with prediabetes, T2DM or dysglycemia defined as any of

abnormal 2hPG, HbA1C and fasting glucose.
Model 1
Unadjusted OR (95% Cl)

Prediabetes 2.14 (1.21-3.81)
T2DM 2.75(0.93-9.34)
Dysglycemia | 2.19 (1.25-3.87)

Model 2 Model 3
p-value 2Adjusted OR p-value PAdjusted OR p-value
(95% Cl) (95% Cl)
0.01 2.14 (1.13-4.12) 0.02 1.78 (0.83-3.88) 0.14
0.08 2.50(0.75-9.51) 0.15 2.18 (0.44-12.03) 0.35
<0.01 2.17 (1.15-4.15) 0.02 1.77 (0.83-3.84) 0.14

b) Difference in TPA among patients diagnosed with prediabetes, T2DM and dysglycemia defined as any of abnormal 2hPG, HbA1C and fasting glucose.

Model 1 Model 2 Model 3

Unadijusted Estimate mm? (SE) | p-value | ®Adjusted Estimate mm? (SE) | p-value | PAdjusted Estimate mm? (SE) | p-value
Prediabetes | 22.1(9.3) 0.02 22.5 (8.5) <0.01 9.6 (9.9) 0.34
T2DM 31.2(17.0) 0.07 29.4 (15.5) 0.06 1.1(19.5) 0.95
Dysglycemia | 23.0(9.2) 0.01 23.1(8.4) <0.01 10.0 (10.0) 0.32
OR: odds ratio, Cl: confidence interval, SE: standard deviation, T2DM: type 2 diabetes mellitus
2Adjusted for age, gender, hypertension, hypercholesterolemia, smoking status, and BMI
® Adjusted for age, gender, hypertension, hypercholesterolemia, smoking status, BMI and 2hPG during admission and at follow-up
https://doi.org/10.1371/journal.pone.0183839.t005
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dysglycemia (Table 5B, model 2). When additionally adjusted for 2hPG during admission the dif-
ference in TPA among patients with prediabetes and dysglycemia was attenuated to 9.6 mm? (SE:
10.0, p = 0.34) and 10.0 mm? (SE 10.0, p = 0.32), respectively, compared to patients with NGM
(Table 5B, model 3) which is a reduction of the effect sizes by 57.3% and 56.7% for prediabetes
and dysglycemia, respectively. When adjusted independently for FPG and HbA1c during admis-
sion and at follow-up the difference in TPA among patients diagnosed with prediabetes and dys-
glycemia still remained statistically significant.

Discussion

In the current study, a high prevalence of atherosclerotic plaque in the carotid arteries was
detected with incremental increase in TPA in ACS patients diagnosed with prediabetes and
T2DM compared to patients with NGM. Detection of dysglycemia by measurement of 2hPG
rather than FPG or HbAIc identified increased risk of significant atherosclerotic plaque and
increased TPA. Therefore, newly detected glucose derangements are associated with increased
atherosclerotic burden in ACS patients.

All patients in the present study had established atherosclerotic disease in their coronary
arteries. Therefore it was expected to detect a high prevalence of atherosclerotic plaque in the
carotids in the study population. In this study the prevalence for significant atherosclerotic pla-
que was 62% compared to 10% reported from a general population study in Iceland that used
the same ultrasound protocol as in the current study [16]. When compared to an age- and gen-
der-matched control group from that population study the prevalence of significant plaque was
20% and mean TPA 39.1 mm” compared to 103.3 mm? in the present study. This highlights the
high atherosclerotic burden found in patients with CVD compared to the general population.

When the individual glucose measurement methods were evaluated separately the 2hPG
for dysglycemia during admission and at follow-up were found to be independent predictors
of having significant atherosclerotic plaque in the carotid arteries. Likewise, patients diagnosed
with dysglycemia on the 2hPG had significantly increased TPA compared to patients with
NGM. The 2hPG identifies patients who are nearly or completely insulin resistant, a condition
where the liver and muscles require more insulin to suppress the hepatic glucose production
and glucose uptake, respectively, that results in postprandial hyperglycemia [19, 20]. While the
pancreatic B-cells are able to increase their insulin production and secretion, causing hyperin-
sulinemia, the glucose tolerance remains normal. In time, however, the postprandial glucose
levels and subsequently the FPG levels rises due to increased insulin resistance and failure of
the B-cells to produce insulin, leading to overt T2DM [21].

Prediabetes and dysglycemia were found to be independent predictors of having significant
atherosclerotic plaque in the carotid arteries. A significant association was also detected
between TPA and metabolic derangements whether defined as prediabetes or dysglycemia. No
significant association was found between T2DM and TPA but there was a clear trend in that
direction. After being adjusted for conventional CVD risk factors the association between dys-
glycemia and TPA remained significant. However, when additionally adjusting for different
glucose metabolic measurements the 2hPG had a greater effect on the relationship between
dysglycemia and TPA as well as the OR of having significant plaque compared to FPG and
HbAlc. This indicates that among the three methods of glucometabolic measurement 2hPG
has the strongest relation to atherosclerosis development in this group of patients with ACS.

The 2hPG, based on the OGTT, had stronger association with increased TPA and signifi-
cant plaque in the carotid arteries than either FPG or HbAlc.

Elevated 2hPG is an indicator of insulin resistance and hyperinsulinemia. Insulin resistance
and hyperinsulinemia have been suggested to cause vascular dysfunction and an increase in
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reactive oxygen species, which leads to vascular inflammation and proliferation of smooth
muscle cells that, in turn, accelerate the atherosclerotic process [22]. Also, postprandial hyper-
glycemia represents the highest blood glucose levels during the day and the greatest fluctua-
tions in glycaemia that could contribute to abnormal endothelial function [21]. Finally,
patients with postprandial hyperglycemia have higher prevalence of metabolic syndrome, with
central obesity, dyslipidemia and hypertension, which in itself increases risk for CVD [21].
Insulin resistance and hyperinsulinemia are conditions that are undetected for many years
that contribute to greater atherosclerotic disease and increased risk for CVD. Our results con-
cur with these findings in that 2hPG was found to have a stronger association with atheroscle-
rosis compared to FPG and HbAlc.

To our knowledge, this is the first study to evaluate TPA in patients with ACS in relation to
glucose metabolism classification. Increased TPA in patients newly diagnosed with prediabetes
and dysglycemia suggests that these patients have had undiagnosed dysglycemia for some time
before being admitted with ACS, causing accelerated atherosclerotic plaque formation and
perhaps leading to plaque instability and rupture which is a key process in the development of
ACS. Our results also support this assumption in that prediabetes and dysglycemia are shown
to be independents risk factors of having significant plaque on carotid ultrasound examina-
tion. These findings are in line with previous studies indicating a high proportion of undiag-
nosed dysglycemia in the general population and they underscore the importance of timely
preventive measures to enhance public health [23]. Patients who are diagnosed with dysglyce-
mia should receive lifestyle counselling, mainly improving diet and increased physical activity
to promote weight loss and lower cardiovascular risk [24]. Patients diagnosed with prediabetes
and T2DM could also be offered pharmacotherapy with metformin to reduce risk of develop-
ing T2DM and reduce risk of myocardial infarction, respectively [25, 26]. In addition, it has
been reported that reducing post-prandial hyperglycemia with acarbose, an alpha-glycosidase
inhibitor, can attenuate the progression of IMT in patients with IGT [27].

A limitation in the present study is a low prevalence of T2DM that is due to the strict diag-
nostic criteria applied for T2DM and a relatively low prevalence of T2DM in the general popu-
lation in Iceland compared to other western countries [28]. Due to this low prevalence the
power to detect significant association between T2DM and TPA is limited.

Conclusion

A high prevalence of atherosclerotic plaque in the carotid arteries was detected with incre-
mental increase in TPA in ACS patients diagnosed with prediabetes and T2DM compared to
patients with NGM. Patients diagnosed with dysglycemia according to the 2hPG were at
increased risk of significant atherosclerotic plaque in their carotid arteries and had signifi-
cantly increased TPA. The importance of the 2hPG in the risk stratification of these patients

is reflected by the fact that after adjustment for conventional risk factors and the 2hPG no
increased burden of atherosclerotic plaque remains, indicating the role of OGTT as a predictor
of increased carotid plaque burden. Thus newly detected metabolic derangements by screening
are an important indicator of accelerated atherosclerotic plaque formation in the ACS popula-
tion. Timely detection and treatment of dysglycemia might prove advantageous for the future
care in this high-risk population.
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Abstract

Background: Dysglycemia is a well-established risk factor of coronary artery disease. Less is known of the prognostic
effect of dysglycemia in acute coronary syndromes (ACSs). The aim of this study was to evaluate the long-term cutcome
of patients with ACSs according to glucometabolic categories.

Methods: Patients with ACSs were consecutively included in the study. Among those with no previous history of type
2 diabetes (T2DM) glucose metabolism was evaluated with fasting glucose in plasma, glycated hemoglobin and a standard
2-h oral glucose tolerance test. Patients were classified having normal glucose metabolism, prediabetes, newly detected
T2DM (nT2DM) and previously known T2DM (kT2DM). The clinical outcome parameters were death or myocardial
infarction and other major adverse cardiac events (MACEs).

Results: A total of 372 ACS patients (male 75.8%, 5.1 years (SD: |1.8)) constituted the study population. The
proportion diagnosed with normal glucose metabolism, prediabetes, nT2DM and kT2DM was 20.7%, 46.5%, 6.2% and
26.6%, respectively. The mean follow-up period was 2.9 years. Patients with prediabetes, nT2DM and kT2DM had
a hazard ratio of 5.8 (95% confidence interval (Cl) 0.8-44.6), 10.9 (95% Cl 1.2-98.3) and 14.9 (95% CI 2.0-113.7),
respectively, for death/myocardial infarction and |.4 (95% Cl 0.6-3.1), 2.9 (95% CI 1.1-8.0) and 3.3 (95% ClI 1.5-7.6),
respectively, for a composite of MACEs.

Conclusion: Patients with ACS and nT2DM or kT2DM were at increased risk of death/myocardial infarction and MACE
compared with patients with normal glucose metabolism after approximately three years of follow-up.
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diagnosis of dysglycemia have been found to have increased
atherosclerotic burden at the time of diagnosis compared
with patients with normal glucose metabolism (NGM).
This may suggest that the dysglycemia could have remained
undiagnosed for months or years before the acute event in
these patients.*

Whether previously known or newly detected, T2DM is
associated with cardiovascular disease (CVD) and increased
mortality in the general population.> Similarly, in patients
with both stable coronary artery disease (CAD) and ACS,
subgroups with an increased risk of future cardiovascular
events have been identified based on a hyperglycemic
response on a standard oral glucose tolerance test (OGTT).”
10 However, these studies have relied on the OGTT for
identification of dysglycemia rather than a comprehensive
assessment of glucometabolic derangements according to
current American Diabetes Association (ADA) and World
Health Organization (WHO) guidelines.

Glucometabolic perturbations are very common among
patients with stable CAD and ACS, with prevalence of
newly detected dysglycemia being more than 60% among
ACS patients in previous studies.!"'¥ Therefore, we set out
to evaluate whether the clinical event rate among patients
with ACS and previously diagnosed T2DM, newly diag-
nosed T2DM or prediabetes differed from that of ACS
patients with NGM during long-term follow-up.

Methods

Patients admitted to the coronary care unit of Landspitali, the
University Hospital of Iceland with the diagnosis of ACS
were consecutively included in the study between June 2013
and October 2014. The definition of ACS was according to
the joint European Society of Cardiology and American
College of Cardiology recommendations considering chest
pain, elevated troponins and electrocardiogram changes con-
sistent with ischemia, at least two of which needed to be pre-
sent for the diagnosis of ACS.!> Patients with cognitive
dysfunction, those living in a nursing home or outside the
catchment area of the hospital and patients who died during
the initial admission were excluded from the study. Informed
written consent was obtained from each participant prior to
any study related procedures. The study protocol adhered to
the principles laid out in the Declaration of Helsinki'® and
was approved by the Icelandic Bioethics Committee (VSN:
13-069-S1). Information on prespecified demographic, per-
sonal, medication and lifestyle data and events after dis-
charge were obtained from patients during admission, from
hospital records and the Icelandic National death registry,
Statistics Iceland.!” Patients with a previous history of hyper-
tension and those taking blood pressure lowering medication
were classified as having hypertension. Patients with a previ-
ous documented history of hypercholesterolemia and those
taking HMG-CoA reductase inhibitors (statins) were classi-
fied as having hypercholesterolemia. A family history of
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CAD was determined if any first degree family member had
been diagnosed with CAD.

Patients without prior diagnosis of T2DM underwent an
evaluation of their glucose metabolism status. After an over-
night fast of at least 10 h, measurements of fasting plasma
glucose (FPG) and glycated hemoglobin (HbAlc) were
made in addition to a standard OGTT where 2-h plasma glu-
cose (2hPG) was measured after ingesting a solution con-
taining 75 g of glucose. Measurements of glucose metabolism
were made during hospitalization, generally three to five
days after admission, and repeated three months later. All
samples collected for venous plasma glucose measurements
were centrifuged and analyzed immediately after blood col-
lection. Glucose levels were determined using reagents, cali-
brators and Vitros 250/950 analyzers from Ortho Clinical
Diagnostics, Rochester, USA and HbA 1c levels were deter-
mined using reagents, calibrators and Cobas c¢311 analyzer
from Roche, Mannheim, Germany.

The classification of glucose metabolism was based on
the ADA criteria, where prediabetes was defined as HbAlc
5.7-6.4% (3947 mmol/mol), FPG 5.6-6.9 mmol/l or
2hPG 7.8-11.0 mmol/l and T2DM as HbAlc =6.5% (=48
mmol/mol), FPG =7.0 mmol/l or 2hPG =11.1 mmol/1.'%
Patients were classified as having newly detected T2DM
(nT2DM) if at least two measurements were above the cut-
point for T2DM according to the ADA criteria, while
patients with one measurement above the cut-point of
T2DM or at least one measurement above the cut-point for
prediabetes were classified as having new prediabetes.
Patients with all glucose values within normal range were
classified as having NGM. Patients with previously known
T2DM (kT2DM) were classified as such. Patients diag-
nosed with prediabetes were treated by lifestyle and dietary
counseling during hospitalization. In addition, those with
nT2DM were referred for further evaluation and treatment
in a specialized outpatient diabetes clinic.

Normally distributed continuous variables are presented
as mean (standard deviation (SD)) and categorical variables
are presented as percentage. Comparison between groups
of patients with NGM, prediabetes, nT2DM and kT2DM
was made using the chi-square test and analysis of variance
for categorical and continuous variables, respectively.
Multiple Cox proportional hazard regression analysis was
applied to detect the association between glucometabolic
status and clinical events during follow-up. Adjustments
were made for the following risk factors: age, gender,
hypertension, hypercholesterolemia, smoking status and
body mass index (BMI). Other baseline variables did not
affect the outcome in multivariate analysis. Results are
reported as hazard ratios with 95% confidence intervals
(CIs). Kaplan—-Meier curves were made for combined all-
cause mortality or myocardial infarction (MI) and major
adverse cardiovascular events (MACESs), including all-
cause mortality, MI, stroke, congestive heart failure requir-
ing hospitalization and unstable angina requiring
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percutaneous coronary intervention, with log rank test to
determine significance. The definition of MI as an end
point was according to the joint European Society of
Cardiology and American College of Cardiology guide-
lines.!’ Poisson regression was used to compare event-rates
between glucometabolic groups. The level of statistical sig-
nificance was set at p<<0.05. All statistical analyses were
performed using the R software version 3.2.2.1

Results

During the study period a total of 639 patients consecu-
tively admitted to the coronary care unit for ACS were con-
sidered for inclusion in the study. Before inclusion, 46
patients were excluded due to cognitive impairment, 60
patients because of frailty, 90 were discharged before the
OGTT was performed and 60 refused participation. Hence,
383 patients were included in the study. After inclusion 10
patients withdrew consent and one patient was lost to fol-
low-up. The remaining 372 patients constituted the study
population.

The baseline characteristics of the study population are
presented in Table 1. The mean age was 65.1 (SD 11.7)
years and 75.8% were male. A total of 77 (20.7%), 173
(46.5%) and 23 (6.2%) were diagnosed with NGM, predia-
betes and nT2DM, respectively. The remaining 99 patients
(26.6%) had previously diagnosed diabetes at admission
and were classified as kT2DM (Table 2). A significant dif-
ference in age, smoking status, BMI, hypercholesterolemia,
hypertension and previous CAD were detected between
different glucometabolic groups (Table 2). During admis-
sion 4.4%, 24.8%, 30.8%, 26% and 14% of patients had
their glucose measurements made on day 2, 3,4, 5Sand 6 or
later after admission, respectively. There was no significant
difference in FPG or 2hPG measurements made on differ-
ent days after admission.

The mean duration of follow-up was 2.9 (range 2.3-4.1)
years. A total of 48 patients had either died or presented
with MI during the follow-up period and 76 patients pre-
sented with MACE. Unadjusted hazard ratio for combined
all-cause mortality or MI was 7.1 (95% CI 0.9-54.0), 14.6
(95% CI 1.6-130.3) and 27.1 (95% CI 3.7-199.6) for pre-
diabetes, nT2DM and kT2DM, respectively, compared
with patients with NGM and 1.5 (95% CI 0.7-3.3), 3.1
(95% CI 1.1-8.4) and 4.2 (95% CI1 2.0-9.1) for prediabetes,
nT2DM and kT2DM, respectively, for MACE. A fter adjust-
ing for conventional CVD risk factors the hazard ratio for
combined all-cause mortality or MI was 5.8 (95% CI 0.8—
44.6), 10.9 (95% CI 1.2-98.3) and 14.9 (95% CI 2.0-113.7)
for prediabetes, nT2DM and kT2DM, respectively, com-
pared with patients with NGM. The adjusted hazard ratio
for MACE was 1.4 (95% C10.6-3.1), 2.9 (95% CI 1.0-8.0)
and 3.3 (95% CI 1.5-7.6) for prediabetes, nT2DM and
kT2DM, respectively, compared with patients with NGM
(Table 3, Figure 1(a) and (b)). Figure I(a) and (b) show

3
Table 1. Baseline characteristics.
N=372
Age, years (SD) 65.1 (11.7)
Gender

- Male 75.8%

- Female 24.2%
BMI, kg/m? (SD) 29.2 (4.6)
Smoking status

- Never 29.6%

- Previous 46.2%

- Current 24.2%
FH of CAD 62.7%
Hypercholesterolemia 52.6%
Hypertension 64.2%

- SBP, mmHg (SD) 141 (22)

- DBP, mmHg (SD) 77 (13)
Previous CAD 38.8%
ACS

- UAP 28.2%

- NSTEMI 43.3%

- STEMI 28.5%
Killip class

- 57.4%

- 37.5%

- 4.1%

-V 1.0%
Medications at discharge

- ASA 93.0%

- Other antiplatelet therapy? 75.3%

- ACEI/ARB 58.9%

- Beta-blocker 87.9%

- CCB 16.4%

- Statin 96.8%

- Oral diabetes medication 20.4%

- Insulin 8.9%

*Clopidogrel, ticagrelor or prasugrel.

ACE angiotensin-converting enzyme inhibitor; ARB: angiotensin

Il receptor blocker; ASA: acetylsalicylic acid; ACS: acute coronary
syndrome; BMI: body mass index; CAD: coronary artery disease;

CCB: calcium channel blocker; DBP: diastolic blood pressure; FH: family
history; NSTEMI: non-ST elevation myocardial infarct; SD: standard
deviation; SBP: systolic blood pressure; STEMI: ST elevation myocardial
infarct; UAP: unstable angina pectoris.

forest plots for adjusted hazard ratio for death or MI and
MACE according to glucometabolic status. Combined all-
cause mortality or MI differed between glucometabolic
groups with 4.2, 29.5, 60.3 and 114.2 events per 1000
patient-years among NGM, prediabetes, nT2DM and
kT2DM, respectively (p<<0.001) (Table 4). Similarly, dif-
ference was detected in MACE with 36.0, 54.7, 113.9 and
163.6 events per 1000 patient-years among NGM, predia-
betes, nT2DM and kT2DM, respectively (p<<0.001).
Figure 2(a) and (b) show Kaplan—Meier curves for gluco-
metabolic status and combined all-cause mortality or MI and
MACE, respectively (»<<0.0001). During hospitalization, no
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Table 2. Pertinent characteristics of patients divided according to their glucose metabolism.

NGM Prediabetes nT2DM kT2DM p-value
n=77 n=173 n=23 n=9%99
Age, years (SD) 63.0 (12.4) 64.3 (10.7) 64.2(11.9) 68.4 (12.4) 0.011
Gender 0.288
- Male 83.1% 75.1% 78.3% 70.7%
- Female 16.9% 24.9% 21.7% 29.3%
BMI, kg/m? (SD) 28.0 (4.0) 28.9 (4.2) 304 (4.8) 30.6 (5.3) 0.001
Smoking status 0.025
- Never 42.9% 27.2% 26.1% 24.2%
- Previous 44.2% 43.9% 39.1% 53.5%
- Current 13% 28.9% 34.8% 22.2%
FH of CAD 67.5% 64.2% 65.2% 55.7% 0.386
Hypercholesterolemia 47 4% 42.8% 47.8% T74.7% <0.001
Total cholesterol during follow-up, 3.8(0.9) 4.0 (0.9) 4.0 (0.8) 4.0 (1.1) 0.326
mmol/l, mean (SD)
Hypertension 51.3% 59.0% 56.5% 84.8% <0.001
- SBP, mmHg (SD) 138 (20) 140 (23) 135 (18) 145 (21) 0.073
- DBP, mmHg (SD) 77 (12) 78 (13) 75(11) 77 (12) 0.756
Previous CAD 35.5% 30.6% 39.1% 55.6% 0.001
ACS 0.055
- UAP 29.8% 26.6% 34.8% 28.3%
- NSTEMI 42.9% 38.7% 30.4% 54.5%
- STEMI 27.3% 34.7% 34.8% 17.2%
Killip class 0.473
-1 59.0% 60.0% 68.2% 47.9%
- 36.1% 33.6% 27.3% 49.3%
- 4.9% 5.0% 4.5% 1.4%
-V 0.0% 1.4% 0.0% 1.4%
Medications at discharge
- ASA 92.9% 93.6% 95.7% 91.9% 0.894
- Other antiplatelet therapy? 75.3% 75.1% 78.3% 47.7% 0.988
- ACEi/ARB 45.5% 56.6% 69.6% 70.7% 0.005
- Beta-blocker 80.5% 90.2% 95.7% 87.9% 0.108
- CCB 9.1% 9.2% 13.0% 35.4% <0.001
- Statin 97.4% 97.1% 100.0% 94.9% 0.576
- Oral diabetes medication 1.3% 0.6% 21.7% 69.7% <0.001
- Insulin 0% 0% 0% 33.3% <0.001
Extent of CAD, 70% luminal
narrowing
- 0 vessel disease 11.7% 5.8% 0% 5.1% <0.001
- | vessel disease 53.2% 37.2% 31.8% 27.3%
- 2 vessel disease 16.9% 33.7% 36.4% 26.3%
- 3 vessel disease 16.9% 19.2% 31.8% 31.3%
- Not assessed 1.3% 4.1% 0% 10.1%
Revascularization treatment
- PCl 64.9% 68.8% 73.9% 58.6%
- CABG 11.7% 14.5% 8.7% 18.2% 0.53
- Neither 23.4% 16.8% 17.4% 23.2%

2Clopidogrel, ticagrelor or prasugrel.

ACEi: angiotensin-converting enzyme inhibitor; ACS: acute coronary syndrome; ARB: angiotensin Il receptor blocker; ASA: acetylsalicylic acid;
BMI: body mass index; CABG: coronary artery bypass grafting; CAD: coronary artery disease; CCB: calcium channel blocker; DBP: diastolic blood
pressure; FH: family history; kT2DM: previously known type 2 diabetes mellitus; mmol/l: millimoles per liter, NGM: normal glucose metabolism;
NSTEMI: non-ST-elevation myocardial infarction; nT2DM: newly detected type 2 diabetes mellitus; PCl: percutaneous coronary intervention; SD:
standard deviation; SBP: systolic blood pressure; STEMI: ST-elevation myocardial infarction; UAP: unstable angina pectoris
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Table 3. Risk of adverse outcomes between glucometabolic status.
Unadjusted HR 95% ClI p-value Adjusted HR 95% ClI p-value
Death/MI
NGM 1.0 - - 1.0 - -
Prediabetes 7.1 0.9-54.0 0.057 58 0.8-44.6 0.089
nT2DM 14.6 1.6-130.3 0.017 10.9 1.2-98.3 0.034
kT2DM 27.1 3.7-199.6 0.001 14.9 2.0-113.7 0.009
MACE
NGM 1.0 - - 1.0 - -
Prediabetes 1.5 0.7-3.3 0316 1.4 0.6-3.1 0.436
nT2DM 3.1 1.1-8.4 0.031 2.9 1.1-8.0 0.046
kT2DM 4.2 2.0-9.1 <0.001 33 1.5-7.6 0.004

Cl: confidence interval; HR: hazard ratio; kT2DM: known type 2 diabetes mellitus; MACE: major adverse cardiac event; MI: myocardial infarction;

NGM; normal glucose metabolism; nT2DM: new type 2 diabetes mellitus

Variable N Hazard ratio P
Metabolic class ~ NGM 7| M Reference
Prediabetes 173 : 1 5.8 (0.8, 44.6) 0.089
nT2DM 23| 1 10.9 (1.2, 98.3) 0.034
KT2DM 99 E Il 14.9 (2.0, 113.7) 0.009
1 2 5 10 20 50 100
(a)
Variable N Hazard ratio P
Metabolic class ~ NGM 77 [ ] Reference
Prediabetes 172 : i 1.4(0.6,3.1)  0.438
nT2DM 23 b 1 2.9(1.0,80)  0.046
KT2DM 99 E i 3.3(1.5,76)  0.004
1 2
(b)

Figure 1. Forest plots for adjusted hazard ratio for death or myocardial infarction (a) and major adverse cardiovascular event

(b) by glucometabolic status.

NGM: normal glucose metabolism; nT2DM: newly detected type 2 diabetes mellitus; kT2DM: previously known type 2 diabetes mellitus

patient was treated with intensive insulin treatment and no
patient with prediabetes or nT2DM received insulin in the
follow-up period. At discharge, oral diabetes medications
were prescribed to 1.3%, 0.6%, 21.7% and 69.7% of patients
with NGM, prediabetes, nT2DM and kT2DM, respectively.
During the follow-up period, 1.3%, 2.9%, 56.5% and 88.9%
of patients with NGM, prediabetes, nT2DM and kT2DM,
respectively, were prescribed oral diabetes medications.
Metformin was used in 43 patients, sulfonylureas in 27,
DDP4 inhibitors in 11, SLGT2 inhibitors in nine, TZDs in
three, GLP-1 inhibitors in two and insulin in 22 patients dur-
ing the follow-up period.

Discussion

Cardiovascular disease is the single most common cause of
death among patients with T2DM. An increased risk of
future cardiovascular events and mortality is observed
among patients with MI and hyperglycemia, even below
the diabetic threshold.?*?! In our study patients with ACS
and kT2DM or nT2DM had a significantly increased risk of
death or MI and MACE compared with patients with NGM
after approximately three years of follow-up while
increased risk was not found in patients with newly detected
prediabetes.
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Table 4. Events per 1000 patient-years in different glucometabolic groups.

NGM Prediabetes nT2DM kT2DM p-value
n=77 n=173 n=23 n=99
Death/MI 42 29.5 60.3 114.2 <0.001
Mean follow-up years (range) 32 (2.3-3.7) 3.1 (0.4-4.1) 3.1 (0.7-3.7) 2.7 (0.1-3.7)
MACE 36.0 54.7 113.9 l64.6 <0.001
Mean follow-up years (range) 3.0 (0.1-3.7) 3.0 (04.1) 2.9(0.7-3.6) 2.5 (0-3.7)
kT2DM: previously known type 2 diabetes mellitus; MACE: major adverse cardiac event; Ml: myocardial infarction; NGM; normal glucose
metabolism; nT2DM: newly detected type 2 diabetes mellitus
Strata =~ NGM =& Prediabetes == nT2DM == kT20M Strata == NGM =& Pradiabstes == nT2DM =& kT20M
(a) (b)
1.00 1.00
0.75 075
3 3
2 2
2 2
i 0.50 8 0.50
2 2
£ i
& &
025 025
p <0.0001 p < 0.0001
0.00 0.00
0 1 2 3 ] [] 1 3 3 i
Years Years
Number at risk Number at risk
77 77 7 48 0 ml 77 71 70 43 0
173 167 164 103 1 51172 157 149 93 1
2 21 13 0 1 23 21 20 1 0
86 78 29 0 99 73 65 25 0
0 i 2 3 4 0 1 2 3 4
Years Years

Figure 2. Kaplan—Meier curves for death or myocardial infarction (a) and major adverse cardiac events (b) by glucometabolic

status (p<<0.0001).

NGM: normal glucose metabolism; nT2DM: newly detected type 2 diabetes mellitus; KT2DM: previously known type 2 diabetes mellitus

Previous studies on dysglycemia in patients with CAD
have consistently shown an increased risk of future adverse
events, among patients with prediabetes, nT2DM and
kT2DM, during 3-10 years of follow-up.822-25 However,
all of these studies have relied on one single OGTT to clas-
sify patients into different glucometabolic groups. As pre-
viously shown by our group and others, the diagnostic
accuracy of a single OGTT is less than optimal and not
according to current ADA and WHO guidelines.!* The
main findings of these previous studies have been to iden-
tify an increased risk of composite MACE rather than a
more robust end point of death/MI used in our study. Also,
most of these studies were retrospective analyses performed
on registry patients who accordingly were not treated in a
uniform manner according to current ACS guidelines and
many of them did not receive lifestyle treatment for gluco-
metabolic derangements. The current study was a prospec-
tive follow-up study where patients diagnosed with
metabolic derangements were treated according to current

guideline recommendations with lifestyle intervention and
pharmacologic therapy when clinically indicated, all of
which are known to affect long-term prognosis favorably.
Also, in contrast to some of the previous ones, the current
study was done in the modern era of dual antiplatelet ther-
apy in ACS with a high proportion of patients treated inva-
sively. The majority of ST-elevation MI patients (92%)
were treated with urgent revascularization (primary percu-
taneous coronary intervention (PCI) (87%) or urgent coro-
nary artery bypass grafting (CABG) (4.7%)) and an
invasive approach was used in 76% of non-ST-elevation MI
patients (PCI 60% and CABG 16%). Moreover, a more
robust method was used to diagnose prediabetes and
nT2DM, where at least two measurements above the dia-
betic cut off value was required to diagnose nT2DM. This
method identified a true high-risk subgroup, which is
reflected in higher hazard ratios for all cause death or MI
and MACE in the current study than have been found in
previous ones on this patient group. The information that
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our study adds to the current knowledge is that after almost
three years of follow-up, patients with ACS and T2DM,
whether known or newly detected, are at significantly
increased risk of death or MI and MACE in spite of optimal
medical treatment. Unsurprisingly, patients with kT2DM
had a higher hazard ratio for death or MI and MACE com-
pared with nT2DM in our study. Even though the duration
of T2DM was not evaluated it would be expected to involve
a longer exposure of the risk factor among patients with
kT2DM, attributing to higher morbidity compared with
patients with nT2DM. This is reflected in a long-term fol-
low-up of patients with acute MI that demonstrated
increased mortality among patients with T2DM compared
with patients with NGM 20 years following the MI.2
These results show that metabolic derangements, predia-
betes and diabetes are present in the majority of ACS
patients and they cause an increased risk of significant clini-
cal events in the nearest future. However, active lifestyle
and/or pharmacological intervention will improve the prog-
nosis of these patients. For patients with prediabetes, life-
style intervention, to promote weight loss with low caloric
diet and physical exercise, has shown to reduce the risk of
developing T2DM and it has been suggested that pharmaco-
therapy with metformin can also halt the development of
T2DM in prediabetic patients.227 Although strict glycemic
strategies have not been shown to lower mortality in patients
with acute MI and T2DM2® current guidelines recommend
that patients with established T2DM and prediabetes should
be managed with lifestyle modification and/or medication in
order to delay organ damage. Therefore, the identification of
metabolic derangements among ACS patients may have
important therapeutic implications that could be used to
improve long-term outcome. The American Heart
Association and ADA recommend dietary counseling and
regular physical activity for patients with CAD and T2DM
to lose weight and lower cardiovascular risk in addition to
strict hypertension and cholesterol management.2? The UK
Prospective Diabetes Study was a large study on patients
with newly diagnosed T2DM who were assigned to be
treated with sulfonylurea or insulin, metformin or dietary
restrictions.?® Even though the difference in HbA 1¢ was lost
after the first year, a reduction in all-cause mortality and MI
was maintained during 10 years of follow-up in the groups
treated with medications as compared with the patients who
received only dietary recommendations. This phenomenon
of long-term risk reduction of future cardiovascular events
and death after early strict glycemic control indicates bene-
fit of strict glucose managements, especially in patients of
age 60 and younger. The DIGAMI 2 trial showed benefit of
metformin in patients with MI and T2DM to reduce risk of
non-fatal reinfarction or stroke while, surprisingly, patients
treated with strict insulin regimens had an increased risk of
death, reinfarction or stroke.?® This suggests that metformin
should be part of standard care among patients with
T2DM and CAD. The SGLT-2 inhibitors empagliflozin and

canagliflozin are glycemic-lowering agents that have been
shown to lower risk of death when added to standard care
among patients with T2DM.3!32 However, is should be
noted the studies on SGLT-2 inhibitors were published after
the recruitment period of our study was completed and
therefore only a few of our patients received SGLT-2 inhibi-
tors during the follow-up period.

No increased risk for cardiovascular events was found
among ACS patients with newly detected prediabetes even
though there was a clear trend in that direction. This could
be because of the relatively small sample size and short
follow-up period in this study as the progression from pre-
diabetes to T2DM can take several years. Some of the pre-
diabetic patients will regress to NGM, others remain
prediabetic for years while yet other patients progress to
overt T2ZDM. In our study only 2.9% of prediabetic patients
were prescribed oral diabetes medication during the follow-
up period, which indicates that they were generally well
controlled by lifestyle management.

A limitation of our study is the relatively small sample
size especially regarding patients with newly diagnosed
prediabetes and T2DM and a relatively short follow-up
period as T2DM is a chronic disease that causes chronic
organ damage over a long period of time. We were unable
to determine the duration of T2DM in each case of kT2DM
as this assessment is subject to recall error and inaccuracy.
Finally, information regarding low-density lipoprotein cho-
lesterol and high-sensitivity C-reactive protein measure-
ments were not available at baseline.

In conclusion, ACS patients with kT2DM and nT2DM
were at increased risk of death or MI and MACEs compared
with ACS patients with NGM after approximately three
years of follow-up. These results underscore the importance
for clinicians to be aware of potential glucometabolic
derangements among patients with ACS and apply appro-
priate lifestyle recommendations and treatment. ACS
patients with T2DM constitute a high-risk group which
should be actively evaluated and treated accordingly.
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