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Abstract

Background: Dysglycaemia, in this thesis defined as impaired glucose tolerance (IGT) or type
2 diabetes (T2DM), is a major risk factor for cardiovascular disease (CVD). International
guidelines recommend screening for dysglycaemia and target-driven lifestyle and
pharmacological management in people with high cardiovascular (CV) risk or established CVD
for both men and women. New glucose-lowering drugs with proven CV benefit are now
available.

Aims: The overall aim of this doctoral thesis was to investigate the screening and management
of patients with CVD or at high CV risk including gender differences and implementation of
new cardioprotective glucose-lowering drugs by studying:

- the prevalence of dysglycaemia according to different screening tools in patients without
known diabetes (Study I) and by gender (Study II);

- the value of new screening methods for dysglycaemia in these patients (Study III and IV);

- the management of such patients as regards lifestyle habits, use of cardioprotective drugs, and
treatment target attainment (Study I) including possible gender disparities (Study II);

- gender differences in prognosis (Study II);

- whether cardioprotection of the glucagon-like peptide-1 receptor agonist dulaglutide is
dependent on metformin (Study V).

Methods: Studies I, I1, III and I'V were based on the population from the EUROASPIRE V
cross-sectional survey; Study II included data from EUROASPIRE IV and V. Both surveys
included patients with established coronary artery disease recruited across Europe at least six
months prior to the investigation. Data on clinical history, life-style advice and
pharmacological treatment was based on validated questionnaires and standardised blood tests
at a study visit. Study V is based on patients with T2DM at high CV risk from the randomised
controlled trial REWIND.

Results: Prevalence and screening for dysglycaemia: In Study I, 29% of the study population
had dysglycaemia detected by screening, with 70% of them being identified by a two-hour
postload glucose value (2hPG) during an oral glucose tolerance test (OGTT). Study II found
that more women than men had IGT and more men had T2DM.

Study III validated a diagnostic algorithm for T2DM based on the assessment of a one-hour
postload glucose value (1hPG) during the OGTT, shortening the time needed for glycaemic
classification in 79% of them. In Study IV, the diagnostic performance of different insulin
resistance indexes was unsatisfactory compared with the yield of an OGTT.

Management: Study I showed that multifactorial management after the coronary event was
unsatisfactory, with poor adherence to recommended treatment targets for blood pressure,
lipids and glycaemic control and a high prevalence of obesity, persistent smoking and limited
physical activity. Study II highlighted how this management was particularly inadequate in
women, possibly contributing to a worse prognosis compared with men in those with known
T2DM. Study V found that CV protection with dulaglutide seems to be present irrespective of
metformin treatment at baseline.

Conclusions: There is a compelling need for implementation of screening for dysglycaemia in
patients with CAD, and the OGTT should be the preferred method because it identifies more
patients with dysglycaemia, which otherwise would be missed. Time might be mature to
introduce an algorithm based on the 1hPG value to identify T2DM. Its prognostic implications
should however be further investigated. Multifactorial management of these patients is in
demand of a substantial improvement, especially in women, where deficient care may be
associated with worse prognosis. The use of new glucose-lowering agents with cardiovascular
efficacy should be prioritised regardless of background glucose-lowering therapy.



Sammanfattning

Bakgrund: Dysglykemi, i denna avhandling definierad som nedsatt glukostolerans (IGT) eller
typ 2 diabetes (T2DM), dr en allvarlig riskfaktor for hjért-karlsjukdom (CVD). Internationella
riktlinjer rekommenderar screening for dysglykemi och malstyrd livsstil och farmakologisk
behandling hos personer med hog kardiovaskulédr (CV) risk eller etablerad CVD, bdde mén och
kvinnor. Nya glukossidnkande lakemedel med bevisad CV-fordel finns nu tillgéngliga.

MaAl: Huvudsyfte med denna doktorsavhandling var att undersdka screening och hantering av
patienter med hjirt-kérlsjukdom eller hog CV risk, inklusive konsskillnader och
implementering av nya kardioprotektiva glukossédnkande likemedel genom att studera:

- prevalensen av dysglykemi enligt olika screeningverktyg hos patienter utan kiind diabetes
(Studie I) och efter kon (Studie II);

- virdet av nya screeningmetoder for dysglykemi hos dessa patienter (Studie I1I och I'V);

- omhéndertagandet av sddana patienter genom livsstilsvanor, anvindning av hjartskyddande
lakemedel och maluppfyllelse for behandling (Studie I) inklusive mdjliga konsskillnader
(Studie II);

- konsskillnader i prognos (Studie II);

- huruvida hjértskydd av GLP-1 RA dulaglutid &r beroende av metformin-behandling (Studie
V).

Metoder: Studierna I, II, III och IV baserades pa populationen fran den europeiska
multicenterstudien EUROASPIRE V; Studie II inkluderade data fran bade EUROASPIRE IV
och V. Bada undersokningarna inkluderade patienter med etablerad kranskérlssjukdom som
rekryterats dver hela Europa minst sex ménader fore undersokningen. Data om anamnesen,
livsstilsrad och farmakologisk behandling baserades pd validerade frageformuldr och
standardiserade blodprov vid ett studiebesok. Studie V &r baserad pa patienter med T2DM med
hog CV risk frain REWIND randomiserade studien.

Resultat: Prevalens och screening for dysglykemi: 1 Studie I hade 29% av studiepopulationen
dysglykemi upptickt genom screening, varvid 70 % av dem identifierades med ett tva timmars
glukosviérde efter belastning (2hPG) under ett oralt glukostoleranstest (OGTT). Studie II
visade att fler kvinnor d4n mén hade IGT och fler mén hade T2DM.

Studie III validerade en diagnostisk algoritm for T2DM baserad pa bedomningen av ett
glukosvérde efter en timme efter belastning (1hPG) under OGTT, vilket forkortade den tid som
behovs for glykemisk klassificering hos 79 % av dem. I Studie IV var den diagnostiska
prestandan for olika insulinresistensindex bristféllig jimfort med utbytet av en OGTT.
Hantering: Studie 1 visade att multifaktoriell behandling efter kranskérlshindelsen var
otillfredsstéllande, med dalig efterlevnad av rekommenderade behandlingsmél for blodtryck,
lipider och glykemisk kontroll och en hog forekomst av fetma, ihdllande r6kning och begransad
fysisk aktivitet. Studie I visade pd hur denna behandling var sdrskilt otillrdcklig hos kvinnor,
vilket mojligen bidrog till en sémre prognos jamfort med mén hos de med kéind T2DM. Studie
V fann att CV skydd med dulaglutid verkar finnas oavsett metforminbehandling vid baslinjen.

Slutsatser: Det finns ett 6vertygande behov av implementering av screening for dysglykemi
hos patienter med CAD, och OGTT bor vara den féredragna metoden eftersom den identifierar
fler patienter med dysglykemi, som annars skulle missas. Tiden kan vara mogen for att
introducera en algoritm baserad pd 1hPG-virdet for att identifiera T2DM. Dess prognostiska
implikationer bor emellertid undersokas ytterligare. Multifaktoriell behandling av dessa
patienter kriver en avsevird forbattring, sdrskilt hos kvinnor, dér bristféllig vard kan leda till
sdmre prognos. Anvindningen av nya glukossinkande medel med kardiovaskulir effekt bor
prioriteras oavsett bakgrundsterapi for glukossdnkande behandling.



Sommario

Introduzione: La disglicemia, in questa tesi definita come ridotta tolleranza al glucosio (IGT) o
diabete di tipo 2 (T2DM), ¢ un importante fattore di rischio per le malattie cardiovascolari (CVD).
Le linee guida internazionali raccomandano lo screening per la disglicemia, le modifiche allo stile
di vita e la gestione farmacologica nelle persone con alto rischio cardiovascolare (CV) o CVD
accertata sia per gli uomini che per le donne. Sono ora disponibili nuovi farmaci ipoglicemizzanti
con comprovati benefici cardiovascolari.

Obiettivi: L'obiettivo generale di questa tesi di dottorato ¢ quello di indagare lo screening e la
gestione dei pazienti con CVD o ad alto rischio CV, comprese le differenze di genere e
l'implementazione di nuovi farmaci ipoglicemizzanti cardioprotettivi studiando:

- la prevalenza della disglicemia secondo diversi strumenti di screening in pazienti senza diabete
noto (Studio I) e per genere (Studio II);

- il valore di nuovi metodi di screening per la disglicemia in questi pazienti (Studio III e IV);

- la gestione di tali pazienti per quanto riguarda le abitudini di vita, I'uso di farmaci cardioprotettivi,
e raggiungimento degli obiettivi terapeutici (Studio I) incluse possibili disparita di genere (Studio
II);

- differenze di genere nella prognosi (Studio II);

- se la cardioprotezione del glucagon-like peptide-1 receptor agonist dulaglutide dipende dalla
metformina (Studio V).

Metodi: gli Studi I, II, III e IV erano basati sulla popolazione dello studio europeo multicentrico
EUROASPIRE V; lo Studio II includeva i dati di EUROASPIRE 1V e V. Entrambi gli studi
includevano pazienti con malattia coronarica accertata reclutati in tutta Europa almeno sei mesi
prima dell'inclusione. Le informazioni sulla storia clinica, 1 consigli sullo stile di vita e il
trattamento farmacologico erano basati su esami del sangue standardizzati e questionari
convalidati. Lo Studio V si basa su pazienti con T2DM ad alto rischio CV del trial randomizzato
controllato REWIND.

Risultati: Prevalenza e screening per la disglicemia: nello Studio 1, il 29% della popolazione in
studio presentava disglicemia rilevata dallo screening, con il 70% di essi identificato da un valore
glicemico postcarico di due ore (2hPG) durante un test di tolleranza al glucosio orale (OGTT). Lo
Studio II ha scoperto che pit donne che uomini avevano IGT e pitt uomini avevano T2DM.

Lo Studio III ha convalidato un algoritmo diagnostico per il T2DM basato sulla valutazione di un
valore glicemico postcarico di un'ora (1hPG) durante 'OGTT, accorciando il tempo necessario per
la classificazione dello stato glicemico nel 79% di essi. Nello Studio IV, la performance
diagnostica di diversi indici di insulinoresistenza era inferiore rispetto alla resa di un OGTT.
Gestione: 1o Studio I ha mostrato che la gestione multifattoriale dopo I'evento coronarico era
insoddisfacente, con scarsa aderenza agli obiettivi terapeutici raccomandati per la pressione
arteriosa, 1 lipidi e il controllo glicemico e un'elevata prevalenza di obesita, persistenza
dell’abitudine al fumo e attivita fisica limitata. Lo Studio II ha evidenziato come questa gestione
fosse particolarmente inadeguata nelle donne, contribuendo potenzialmente a una prognosi
peggiore rispetto agli uomini nei pazienti con T2DM noto. Lo Studio V ha rilevato che la
protezione CV con dulaglutide sembra essere presente indipendentemente dal trattamento con
metformina al basale.

Conclusioni: C'¢ una necessita impellente di implementare lo screening per la disglicemia nei
pazienti con CAD, e I'OGTT dovrebbe essere il metodo di scelta perché identifica piu pazienti con
disglicemia, che altrimenti rimarrebbero non identificati. Il tempo potrebbe essere maturo per
introdurre un algoritmo basato sul valore 1hPG per identificare il T2DM, ma le sue implicazioni
prognostiche dovrebbero essere ulteriormente studiate. La gestione multifattoriale di questi pazienti
richiede un sostanziale miglioramento, specialmente nelle donne, dove una cura carente puo portare
a una prognosi peggiore. L'uso di nuovi agenti ipoglicemizzanti con efficacia cardiovascolare
dovrebbe essere prioritario indipendentemente dalla terapia ipoglicemizzante di base.
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1. INTRODUCTION

1.1 Historical background
1.1.1 Diabetes mellitus

The earliest reference to diabetes is probably in Eber’s Papyrus (1552 BCE) where the Egyptian
physician Hesy-Ra refers to a disease which “..eliminates urine which is too plentiful” (1). The
Charaka Sambhita and the Sushruta Samitha (600-500 BCE), the two foundational texts of the
ancient Indian Ayurveda, describe a condition associated with polyuria and sweet urine,
therefore naming the condition “madhumeda”, which means “honey urine” (Figure 1) (2).

\

Figure 1. On the left, a monument dedicated to Charaka Mabharishi, the author of the Charaka Sambhita, in
Haridwar, India; on the right, text of the Sushruta Samhita written on palm leaves found in Nepal in the 12t"-13t
Century (Los Angeles County Museum of Art). From Wikipedia.

The word “diabetes”, which comes from Latin diabétés, originates from Ancient Greek
owfnmne (diabétes), literally "a passer through”, was introduced by Aretaeus of Cappadocia
(1%t century CE) (2). Two different phenotypes, corresponding to type 1 and type 2 diabetes
mellitus respectively, were identified by the Persian philosopher-scientist Avicenna (980—
1037). He described the first as present in young and lean patients and the second as more
common in older and overweight people (3). It was the English physician Thomas Willis
(1621-1675) who coined the term mellitus, giving the disease its contemporary name (3). In
1869, the German pathologist Paul Langerhans (1847—-1888) was the first to describe “islands
of clear cells” throughout the pancreas, that stained differently than the surrounding tissue.
Langerhans did not suggest a function for these areas and erroneously hypothesized that they
might be lymph nodes (4). The French physician Etienne Lancereaux was the first to suggest
that diabetes mellitus was a disease of the pancreatic islets, a hypothesis subsequently
confirmed by Oskar Minkowski (1858—1931), Josef von Mering (1849-1908) and Gustave-
Edouard Laguesse (1861-1927) (3, 5). However, no treatment for diabetes was available until
the beginning of the 20" century.

1.1.2 The discovery of insulin

2021 marked 100 years from the discovery of insulin, which in 1923 was awarded the Nobel
Prize in Physiology or Medicine to the Canadian scientists Frederick Grant Banting (1891—

13



1941) and John James Richard MacLeod (1876-1935), working at the University of Toronto
(Figure 2).

A, A m—
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Figure 2. The Nobel Diploma and medal received by Frederick Banting and John MacLeod
(By courtesy of the Thomas Fisher Rare Book Library, University of Toronto).

This award was a subject of controversy already at the time of its announcement. Banting
decided to share the prize money with the medical student Charles Herbert Best (1899—1978)
and MacLeod shared his part with the biochemist James Collip (1892-1965), who had
participated in the purification of the pancreatic extract, called “isletin” (3, 6). Another debated
point regards who performed the first insulin extraction. In 1916 the Romanian physiologist
Nicolae Constantin Paulescu (1869—1931) had already developed a pancreatic extract which
normalized blood glucose when injected in pancreatectomized dogs. His work was indeed cited
by Banting and McLeod, although misquoted (6, 7). Paulescu was neither nominated nor
mentioned in the investigation behind the decision to award the Canadian researchers with the
Nobel prize (3).

The demand on insulin increased rapidly following the first successful reports on treatment of
patients with (type 1) diabetes. The Toronto team soon became unable to meet the requests
and, although initially refusing to profit from their discovery, they finally reached an agreement
with Eli Lilly & Co. of Indianapolis (6). Banting, Best and Collip patented their insulin extract
and transferred all rights to the University of Toronto for one Canadian dollar with the request
that the income should be used to fund new research (6).

Despite the controversy, the discovery of insulin is a great example of groundbreaking medical
research aimed at knowledge and patient benefit and not profit. During the last century this
small peptide hormone has given life back to millions of patients (6).

1.1.3 Development of other glucose-lowering drugs

After insulin, other glucose-lowering drugs were developed, with different mechanisms of
action (Figure 3) (8).

Traditional drugs include:

- Sulphonylureas, increasing insulin release from the pancreas.
- Biguanides, including metformin, decreasing blood glucose levels by multiple
mechanisms, not fully understood. Among them metformin acts by decreasing hepatic

14



gluconeogenesis and intestinal glucose absorption and by increasing peripheral glucose
uptake and utilization (9).

- Alpha-glucosidase inhibitors slowing glucose absorption in the gastrointestinal tract by
delaying the degradation of complex carbohydrates.

- Thiazolidinediones, acting on adipose tissue by binding the peroxisome proliferator-
activated receptors (PPAR) and decreasing circulating fatty acids.

Novel classes of glucose-lowering agents are:

- Glucagon-like peptide-1 receptor agonists, (GLP-1 RAs), stimulating insulin secretion,
inhibiting glucagon release and slowing gastric emptying (8).

- Dipeptidyl peptidase-4 inhibitors (DPP-41), blocking the action of the enzyme that is
responsible for the rapid degradation of GLP-1 and gastric inhibitory peptide (8).

- Sodium-glucose co-transporter 2 inhibitors (SGLT21), inhibiting glucose reabsorption
in the kidneys, leading to increased urinary glucose excretion (10).

The research on the development of new glucose-lowering drugs is constantly evolving, trying
to identify novel targets and mechanisms and develop new molecules (11).

SGLT-2 inhibitors
Bromaocriptine
Colesevelam
DPP-4 inhibitors
Inhaled insulin
Pramlintide
GLP-1 receptor agonists
Glinides
Thiazolidinediones !
Insulin analogues
Alfa-glucosidase inhibitors
Human insulin
Insulin Metformin

from
animals Sulphonylurea

|
1920 1930 1940 1950 1960 1970 1980 1990 2000 201(>
Year

Figure 3. Introduction of medications for treating type 2 diabetes over time. The rate has accelerated over the last
20 years. Animal insulin and inhaled insulin are essentially no longer available as therapeutics.

Modified from Kahn et al (ref 8) with permission from Elsevier.

DPP-4: dipeptidyl peptidase-4; GLP-1: glucagon like peptide-1; SGLT2: sodium-glucose co-transporter 2.

1.1.4 Diabetes as a risk factor for cardiovascular disease

The vascular complications of diabetes were unknown until insulin was introduced in clinical
practice. Prior to this, the disease killed those afflicted before they had time to develop
complications. Hyperglycemia was not referred to as a common feature of acute myocardial
infarction in patients presenting with chest pain until the 1930s (12). Early observations linking
diabetes to coronary heart disease came from studies on myocardial infarction performed in
Malmo, Sweden, comprising 2,063 patients hospitalized between 1935 and 1954. It was noted
that the prevalence of diabetes was approximately five times higher in patients with myocardial
infarction than in the general population (13, 14). Root and colleagues reported on the
“excessive development of coronary disease” in patients with diabetes in 1939. In 1948, the
Framingham Heart Study was initiated, aiming at identifying cardiovascular risk factors. In
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1979, diabetes was reported as a major risk factor for several forms of cardiovascular disease
(CVD) including congestive heart failure, coronary artery disease (CAD), stroke, intermittent
claudication, and cardiovascular death (15). Similar observations came from other research
groups in the 1960s-70s (16, 17). Originally, it had been assumed that elevated glucose
observed in patients with myocardial infarction was a manifestation of stress, but with
accumulating knowledge it became clear that the glycaemic perturbation may be an important
reason for vascular complications, and with this insight it was hypothesized that glycaemic
control may protect from such complications.

A clinical trial demonstrating the possible superiority of glucose-lowering treatment on
vascular complications felt compelling, and the University Group Diabetes Program was
started in 1961 in the United States (18). Unfortunately, this study appeared to demonstrate an
excess cardiovascular mortality with tolbutamide and excess all-cause mortality with
phenformin, leading to widespread criticism and its premature termination (19). Despite the
ensuing atmosphere of uncertainty, Robert Turner and colleagues set up the United Kingdom
Prospective Diabetes Study (UKPDS) in Oxford in 1977. They randomized patients with newly
diagnosed T2DM to diet, sulphonylureas, insulin or metformin (in obese patients only);
subsequently, the trial also included randomization to acarbose (20, 21). The pivotal results of
UKPDS, presented in 1998 at the European Society for the Study of Diabetes meeting in
Barcelona, showed that intensive glycaemic control reduced complications related to diabetes,
although not statistically significant as regards macrovascular complications (22-26). At the
same time, the Diabetes Disease and Complications trial (DCCT), conducted in patients with
type 1 diabetes, reported on a decrease of microvascular complications, including retinopathy,
nephropathy and neuropathy, after intensive insulin-based glucose control (27). Successively,
the long-term follow-up of DCCT showed a reduction of macrovascular events in the
intensively treated group (28).

Since then, clinical trials testing glucose-lowering agents in patients with diabetes from a
cardiovascular perspective flourished. In recent years they were conceived as cardiovascular
outcome trials in high-risk populations, leading to striking results and benefit to patients by
some of the studied agents, as will be further elaborated in paragraph 1.9 (29).

1.2 Definitions and classification of diabetes

Diabetes is a chronic condition characterized by hyperglycaemia due to decreased insulin
secretion in the beta-cells of the pancreas, and/or impaired utilization, caused by insulin
resistance (30).

According to the American Diabetes Association (ADA) diabetes is classified as follows (31):

e Type | diabetes (T1DM): due to autoimmune destruction of pancreatic beta-cells, with
absolute insulin deficiency.

e Type 2 diabetes (T2DM): due to loss of beta-cell function, often because of insulin
resistance; accounts for over 90% of all diabetes.

e Specific types of diabetes due to other causes, including monogenic syndromes, drug-
induced, and chemical-induced diabetes.

e Gestational diabetes, diagnosed in the second or third trimester of pregnancy, not
previously diagnosed.

Diabetes causes both acute and chronic pathological conditions. The first are represented by
comas (i.e., diabetic ketoacidosis coma, hyperosmolar coma and hypoglycaemic coma). The
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latter are macro- and microvascular complications. Macrovascular complications comprise
CAD, ischaemic stroke and peripheral artery disease, whereas microvascular complications
include retinopathy, nephropathy and neuropathy. The association between diabetes and
microvascular complications is definitional and dependent on hyperglycaemia and glycaemic
control. Although still important, the association between glycaemic control and macrovascular
complications is seemingly more complex, since very tight control does not impact future CVD
as strongly (32).

1.3 Diagnosis of glucose perturbations
1.3.1 International diagneostic criteria

According to the diagnostic criteria issued by the World Health Organization (WHO) and the
ADA, diabetes can be diagnosed based on three different tools: fasting plasma glucose (FPG),
two-hour postload glucose (2hPG) and glycated haemoglobin Alc (HbAlc) (Table 1) (33, 34).
2hPG levels are those obtained after a standardised 75-g oral glucose tolerance test (OGTT).
The cutoff levels for the diagnosis of diabetes were originally related to prevalent retinopathy
in large cross-sectional reports (35).

The onset of T2DM is relatively slow and metabolic abnormalities leading to overt diabetes
are usually present years before the cutoff point for establishing the diagnosis. Therefore,
conditions referred to as prediabetes have been defined, including impaired fasting glucose
(IFG) and impaired glucose tolerance (IGT), as reported in Table 1. The two conditions can be
present simultaneously, and it is estimated that approximately 30-40% of those with known
IFG also have IGT if subjected to an OGTT (36). These two conditions should, however, be
considered as distinct. Insulin secretion is more severely impaired in IGT than in IFG, and
insulin resistance is predominant in the liver in IFG and in the muscle in IGT (37).

All three screening tools can be used in clinical practice, although with important
specifications. In 1997, the Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus stated that the FPG criteria should be used in epidemiological studies because of
superior standardization and availability (38). On the other hand, in such report it is underlined
that the absence of an OGTT leads to a significant underestimation of the real proportion of
people with diabetes (38).

HbAlc reflects the average levels of plasma glucose during the previous 12 weeks. Its
measurement does not require fasting or any other preparation. The UKPDS and DCCT
established the linear relationship between HbAlc and microvascular complications both in
T1DM (27) and T2DM (22). These features have made it the standard tool for glycaemic
control assessment in people with established diabetes. HbAlc was adopted as a diagnostic
tool for T2DM by the ADA in 2010 and by the WHO in 2011 (38, 39). However, WHO
underlines that HbAlc measurement might be unreliable in many physiological and
pathological conditions (40). In light of these considerations, and since several of the
aforementioned conditions may be more prevalent in countries where the availability of HbAlc
is problematic, the WHO advises policy-makers to ensure that accurate blood glucose
measurement is largely available before the introduction of HbA 1c measurement for screening
purposes (41).
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Table 1. Definition of glycaemic categories according to the World Health Organization and the American

Diabetes Association (33, 34).

q . World Health Organization American Diabetes Association
Diagnostic tool
Cutoff level Cutoff level
HbAlc % (DCCT) mmol/mol (IFCC) | % (DCCT) mmol/mol (IFCC)
High-risk of diabetes - - 57-64 39-47
Diabetes >6.5 >48 >6.5 >48
Plasma glucose (venous) mmol/L mg/dL mmol/L mg/dL

Normoglycemic

FPG* <6.1 <110 <6.1 <110

2hPG <78 <140 <78 <140
IFG

FPG* 6.1-6.9 110-125 56-69 100 — 125

2hPG <78 <140 <78 <140
IGT

FPG* <7.0 <126 - -

2hPG 7.8-11.0 140 - 199 140 - 199 7.8—-11.0
Diabetes

FPG* >7.0 > 126 >7.0 > 126

2hPG >11.1 >200 >11.1 >200

Random** - - >11.1 >200

* Fasting is defined as no caloric intake for at least 8 hours
** In combination with classic symptoms of diabetes including polyuria, polydipsia, and unexplained weight loss

2hPG: two-hour postload glucose; DCCT: diabetes control and complications trial; HbAlc: glycated
haemoglobin; FPG: fasting plasma glucose; IFCC: International Federation of Clinical Chemistry and laboratory
Medicine; IFG: impaired fasting glucose; IGT: impaired glucose tolerance.

According to the Noncommunicable disease Risk Factor Collaboration report, HbAlc > 6.5%
(48 mmol/mol) has a lower sensitivity for the diagnosis of T2DM compared with FPG > 7
mmol/L or 2hPG > 11 mmol/L (42-44). Results from the Diabetes Prevention Program
highlight the lack of overlap between traditional screening methods among participants with
newly diagnosed T2DM. Only 26% of those diagnosed by FPG or 2hPG had a HbAlc > 6.5%
(48 mmol/mol), and 55% of those with an HbAlc > 6.5% (48 mmol/mol) had a current or
previous diagnosis of T2DM by FPG or 2hPG (45).

In this thesis “dysglycaemia” is defined as T2DM or IGT, i.e., not including IFG in this
definition. The reasons are that, despite both IFG and IGT carrying an increased risk for
developing T2DM, current evidence on preventive measures only relates to IGT (30, 46).
Moreover, as explored later in this section, IGT might be of greater significance than isolated
IFG in people at high cardiovascular risk or with established CVD. The ADA has suggested
the “high-risk” HbAlc levels as an alternative (39 — 47 mmol/mol, Table 1), but this seems
also insufficient in disclosing all patients with IGT (44).

1.3.2 Role of one-hour postload glucose value

An elevated one-hour postload glucose value (1hPG) is not an official diagnostic criterion for
T2DM, although it is used for the diagnosis of gestational diabetes (34). There is a strong
interest in including it as a diagnostic criterion for prediabetes considering quite robust
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evidence for its value (47). A 1hPG value > 8.6 mmol/L (155 mg/dL) during the OGTT has
been suggested to correctly identify individuals with high risk of progression to T2DM in the
Botnia study, in the Malmo Prevention Project and in the Genetics, PHYsiopathology, and
Evolution of Type 2 diabetes (GENFIEV) study (48-50). 1hPG thresholds for the diagnosis of
T2DM have been reported in Chinese patients (51) and Native Americans (52). In a meta-
analysis of more than 35,000 individuals Ahuja et al. showed that an 1hPG > 11.6 mmol/L
detects individuals with a 2hPG level diagnostic of diabetes (= 11.1 mmol/L) with high
sensitivity and specificity, although with a high rate of false positives (55%) indicating a need
for further validation in other cohorts (53).

1.4 Epidemiology
1.4.1 Dysglycaemia

The prevalence of diabetes has dramatically increased, climbing from position number 13 in
2000 to position number seven in 2019 among the leading causes of loss of Disability Adjusted
Life Years (DALYs) in adults (54). In the European Region, diabetes in responsible for the
loss of nearly nine million DALY, without substantial difference between men and women
(54). According to the most recent estimates by the International Diabetes Federation (2021),
537 million adults (20-79 years old) were living with diabetes in 2021, a number that is
projected to rise to 784 million by 2045 (30). Most of this increase will occur in low- and
middle-income countries, mainly due to population growth and ageing (30). The prevalence of
diabetes is slightly higher in men than women, 10.8% vs. 10.2%, corresponding to 17.7 million
more affected men than women. In addition, 541 million people were estimated to have IGT in
2021 (30). Diabetes-related mortality is estimated to account for 12.2% of global deaths, with
one third (approximately 2.2 million) occurring in people below the age of 60 yeras, i.e. in
working age (30). The global health expenditure due to diabetes was 966 billion USD in 2021,
with a predicted increase of 316% over 15 years (30). The highest diabetes-related costs are in
the North American and Caribbean regions, followed by Europe (189 billion USD). The latter
region has the lowest proportion of diabetes-related health expenditure among all WHO
regions, 8.6% (30).

1.4.2 Cardiovascular disease

CVD manifestations, comprising coronary, cerebral and peripheral artery disease, are the main
causes of death and DALY's in most countries. In absolute terms, ischaemic heart disease is the
main global killer, responsible for 16% of mortality while stroke comes second, accounting for
11% of deaths (55). Overall, 17.9 million people died from CVD in 2019 (55).

The worldwide prevalence of CVD is growing mainly due to increased longevity and
decreasing mortality for myocardial infarction (55). In addition, modern lifestyles
encompassing an unhealthy diet, physical inactivity, tobacco use and excessive alcohol
consumption lead to the accumulation of intermediate cardiovascular risk factors, i.e. raised
blood pressure, blood glucose, blood lipids and overweight and obesity (56). These
“traditional” risk factors were identified in the Framingham Heart Study and reiterated by
findings in the WHO project MONItoring of Trends and Determinants in CArdiovascular
Disease (MONICA) (15, 57).

The INTERHEART study, a large case-control study of patients with acute myocardial
infarction from 52 countries in all continents, reported that an abnormal lipid profile, smoking,
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hypertension, diabetes, abdominal obesity, psychosocial deprivation, alcohol, a low
consumption of fruits and vegetables, and lack of regular physical activity account for the
largest part of the risk, in both sexes, at all ages and in all regions (58). Still, these risk factors
do not explain all atherosclerotic cardiovascular events, which may occur despite a satisfactory
risk factor control, indicating that there are elements of importance besides those already
known (59-62). Thus, there is a need for additional knowledge of the pathophysiology behind
the development of CVD, not the least in people with dysglycaemia (62-64). Among known
contributors to CVD risk in dysglycaemia are insulin resistance, dyslipidaemia, vascular wall
stress, endothelial dysfunction and platelet hyperaggregability (65). However, other factors
related to cardiometabolic health, so far less explored, might as well be of importance (65, 66).

1.5 The link between dysglycaemia and cardiovascular disease
1.5.1 The role of glycaemic control

Dysglycaemia is among the main cardiovascular risk factors, conferring a two to four times
higher risk for CVD (67). The presence of dysglycaemia increases morbidity and mortality
considerably in patients with CAD. Diabetes was independently associated with a two-fold
increase in the risk of CAD (Hazard ratio (HR) 2.00 (95% confidence interval (95%CI) 1.83—
2.19) in a large meta-analysis from the Emerging Risk Factor Collaboration (68). Similarly,
T2DM was significantly associated with non-fatal myocardial infarction (HR 1.54, 95% CI
1.42 — 1.67) in a study including more than 1.9 million individuals (69).

The pathophysiology behind the relationship between dysglycaemia and CVD is based on
strong foundations encompassing a multitude of genetic, epigenetic, cell-signalling, metabolic
and inflammatory mechanisms (70). Hyperglycaemia leads to dysfunctional epigenetic and
post-translational modifications of the vascular architecture, accumulations of toxic glycation
end-products (“glucotoxicity”’) and augmented inflammation via release of adipocytokines
which are ultimately associated with an increased risk of CVD (71-73). Still, as opposed to
microvascular complications, glycaemic control alone is not able to achieve a significant
reduction of macrovascular complications in patients with T2DM.

As already stated, strict glycaemic control did not significantly reduce the risk of myocardial
infarction in UKPDS, although there was a benefit as regards the risk of myocardial infarction
in a subgroup of obese patients treated with metformin (23). The Action and Diabetes and
Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation
(ADVANCE) trial, lowering the average HbAlc to 6.5% (47.5 mmol/mol) did not have any
beneficial effect on macrovascular outcomes in high-risk patients with T2DM (74). The Action
to Control Cardiovascular Risk in Diabetes (ACCORD) trial, targeting a HbAlc level below
6% (42.1 mmol/mol), reported on a significant increase in deaths in the intensively treated
group and no significant decrease of macrovascular events, which was the reason for the
premature closure of the trial (75). In the Veterans Affairs Diabetes Trial intensive glycaemic
control did not reduce cardiovascular events, at the expense of significantly more
hypoglycaemic episodes (76). Finally, in the Outcome Reduction with an Initial Glargine
Intervention (ORIGIN) trial, early institution of insulin glargine had a neutral effect on
cardiovascular outcomes but increased the risk for hypoglycaemia and caused a modest
increase of body weight (77). In contrast, intensified insulin treatment decreased mortality in
patients with diabetes who suffered an acute myocardial infarction in the first Diabetes Mellitus
Insulin Glucose Infusion in Acute Myocardial Infarction (DIGAMI 1) trial (78, 79). However,
the DIGAMI 2 trial, investigating different insulin treatment regimens, failed to confirm these
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findings and did not find any benefits as regards the incidence of reinfarctions and stroke,
possibly because of important differences in the trial populations and since the targeted glucose
level was not achieved in the intensively treated group (80).

It can be concluded that, despite the importance of dysglycaemia as cardiovascular risk factor,
targeting a strict glycaemic control has not been proven sufficient in preventing future
macrovascular events or mortality in established diabetes.

1.5.2 Insulin resistance, beta-cell function and cardiovascular disease

Disturbances of glucose homeostasis in people with dysglycaemia relate to an impairment of
beta-cell function and a decreased sensitivity to insulin (insulin resistance) (81). Accordingly,
decreased pancreatic insulin production and insulin resistance in peripheral tissues can be
considered as hallmarks of disturbed glucose homeostasis, developing at an early stage of the
disease (Figure 4) (82).

B-cell failure

l d Insulin secretion
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' Insulin resistance

Figure 4. Impaired beta-cell function (reduced insulin secretion), increased hepatic glucose production and
peripheral insulin resistance (reduced glucose uptake in muscle and adipose tissue) leading to hyperglycaemia.
By Ferrannini G. Created with BioRender.com.

Insulin resistance has been suggested as an important link between dysglycaemia and CVD
(82-84). In support of this hypothesis there is an established association between insulin
resistance and multiple cardiovascular risk factors i.e. hypertension, dyslipidaemia, endothelial
dysfunction, increased inflammatory activity and enhanced thrombogenesis (84-88).

It has been assumed that improving insulin sensitivity by means of lifestyle and
pharmacological interventions is beneficial. This assumption gained support from the Diabetes
Prevention Program, which randomised overweight patients with elevated FPG and IGT (but
not diabetes) to either metformin, a lifestyle-modification programme or placebo (89). In both
treatment arms the incidence of the primary outcome, i.e. diabetes, was significantly lower than
in the placebo arm. In the Finnish Diabetes Study, T2DM was prevented in overweight people
with IGT by a combination of increased physical activity and diet (90). In the Da Qing study,
a six-year lifestyle intervention programme (based on diet, exercise or both) in Chinese people
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with IGT reduced the incidence of diabetes and subsequently cardiovascular and all-cause
mortality (91). In the PROspective pioglitAzone Clinical Trial In macroVascular Events
(PROactive) trial pioglitazone, a PPARy-agonist with potent insulin sensitizing effects,
significantly reduced the composite of all-cause mortality, non-fatal myocardial infarction and
stroke in patients with T2DM (92). Moreover, in insulin-resistant patients without diabetes in
the Insulin Resistance Intervention in Stroke (IRIS) trial, there was a 25% reduction of the risk
of ischaemic stroke in patients randomized to pioglitazone vs. placebo (93). The results were
consistent in patients with prediabetes (defined, according to ADA, as “high risk” HbAlc
and/or IFG) (94).

The HOMA index

The gold standards for insulin resistance assessment are the euglycaemic and hyperglycaemic
clamp techniques, which allow direct quantification of glucose uptake and beta-cell response
(95). Despite their high sensitivity, reproducibility and independency from confounders, the
clamp techniques are complex and generate discomfort to patients, which makes them
unsuitable for large samples studies. As a consequence, a number of surrogate measures for
insulin resistance have been proposed (96). Among them, the homeostasis model assessment
(HOMA) index is widely used (97). By means of fasting glucose and insulin levels, the HOMA
can predict both insulin resistance and beta cell function, based on the assumption that a simple
feedback loop mechanism between the endocrine pancreas and the liver is mostly responsible
for such levels (98, 99) (Figure 5).
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Figure 5. Basal homeostasis model assessment (HOMA). The grid depicts the predicted beta-cell and insulin
resistance levels for each plasma glucose and insulin value.

For example, a person with a fasting plasma glucose of 11 mmol/L and a fasting plasma insulin of 18 mUI/L has
a 50% reduction of their beta-cell function and is eight times more resistant than a person with normal insulin
sensitivity, corresponding to an HOMA index of almost 9 (normal value around 3).

Reproduced from Matthews et al (ref 97) with permission from Springer Nature.

In other words, for any level of basal glucose and insulin concentrations, the model predicts
insulin resistance and beta-cell function. It is therefore able to differentiate between the two
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main characteristics of T2DM (97). Importantly, HOMA mirrors the main feature of diabetes,
hyperglycaemia, as a function of both beta-cell function and insulin resistance, therefore
reflecting their interplay (100). The HOMA index is considered an adequate measure of insulin
resistance in clinical and epidemiological studies and is nearly as informative as other, more
complex surrogates based on clamp techniques (96, 101, 102). The loss of accuracy compared
with the clamp techniques is compensated for by the possibility to perform cost-effective
analyses of large samples (101).

Insulin resistance measured as HOMA index is associated with CVD (103, 104). This index
seems unaffected by glucose metabolism at the basal investigation. As an example, the age-
gender- and ethnicity adjusted risk for cardiovascular events in the San Antonio Heart Study
(n=187 patients followed eight years) increased by increasing quintiles of the HOMA index
but was independent of the glucose level at study start (105). The Verona Diabetes
Complications Study concluded that HOMA index is an independent risk marker for
cardiovascular disease (fatal and non-fatal CAD, cerebrovascular and peripheral arterial
disease) in people with T2DM (106). Whether HOMA index may cover the increased risk seen
in patients with IGT has not been explored in any detail.

C-peptide

Another indicator of beta cell function is fasting C-peptide, a proinsulin cleavage product (107).
Since its half-life is longer, its clearance from the peripheral circulation constant and there is
no cross-reactivity with exogenous insulin, C-peptide measurement is preferable to estimates
of insulin when the intention is to assess beta-cell function (108). C-peptide has been
investigated as an independent atherogenic risk factor (109). Experimental, clinical, and
epidemiological investigations of the relation between C-peptide and cardiovascular
complications among patients with known T2DM has produced diverging results (110-113).
In patients without previously known T2DM undergoing elective coronary angiography, Marx
and colleagues reported an independent association of C-peptide levels with all cause and
cardiovascular mortality and with the severity of CAD (114, 115). In a population with normal
glucose metabolism from the Canary Islands, there was an association between the C-peptide
levels, CAD and myocardial infarction among people (113). In an Indian cohort of patients
with metabolic syndrome, C-peptide correlated with CAD severity (116). These findings
suggest a role of C-peptide as predictor of cardiovascular events in people with normal glucose
tolerance, IGT and newly detected T2DM. However, people with long-standing T2DM should
be excluded when assessing C-peptide levels, because they change over the course of the
disease with a high interindividual variability and are altered by glucose-lowering drugs.
Moreover, a long duration of T2DM by itself confers an increased cardiovascular risk, thus
being an additional potential confounder.

1.6 Screening for dysglycaemia in patients with cardiovascular disease

Despite its negative effect on cardiovascular morbidity and mortality, dysglycaemia remains
unrecognized in a substantial proportion of patients with established CVD. In the Glucose in
Acute Myocardial Infarction (GAMI) study, about two thirds of patients with acute myocardial
infarction without previously known glucose perturbation had dysglycaemia (117). This
finding was subsequently confirmed in the Euro Heart Survey, comprising 3,362 patients with
a recent myocardial infarction or stable CAD, all without known dysglycaemia. Among them
an OGTT revealed that 49% were dysglycaemic (118). The China Heart Survey, conducted
according to the same protocol, confirmed these findings (119). Therefore, international
guidelines for the management of patients with CVD recommend screening for glucose
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perturbations to disclose and treat previously undetected dysglycaemia in such populations (34,
56, 120-122).

There is an ongoing debate on which screening test is most accurate not only for the detection
of glucose perturbations, but also for providing prognostic information in patients with CAD
(40, 123-125). Some studies support the use of HbAlc considering its correlation with CVD,
all-cause mortality and coronary atherosclerosis, both in people with and without known
diabetes (126-132). On the other hand, the OGTT has been proposed as being more informative
on future cardiovascular risk in dysglycaemic patients (44). The assessment of 2hPG by means
of OGTT discloses more dysglycaemic patients than FPG and HbA lc, not the least because,
by definition, it is the only test to diagnose IGT (40). Several studies have observed that 2hPG
> 7.8 mmol/L might be associated with worse prognosis in patients with established CAD (133-
136) and might be superior to HbAlc (137, 138). In the fourth European Action on Secondary
and Primary Prevention by Intervention to Reduce Events (EUROASPIRE) cross sectional
survey, conducted in 2012-2013, 2hPG was superior to FPG and HbAlc in providing
prognostic information (139).

1.7 Management of dysglycaemic patients with cardiovascular disease

According to international guidelines, as those issued by ADA and the European Society of
Cardiology (ESC), patients with T2DM should receive a multifactorial risk management to
reduce cardiovascular morbidity and mortality (56, 122). Therefore, the identification of
traditional cardiovascular risk factors, i.e. elevated LDL-C, low high density lipoprotein
cholesterol (HDL-C), hypertension, hyperglycaemia, overweight and smoking, is key to
guideline-recommended prevention, especially in patients with dysglycaemia, as it allows a
tempestive initiation of lifestyle adjustment and evidence-based pharmacological treatment.

The observational study Euro Heart Survey is seemingly the first to report on a favorable effect
of a comprehensive, evidence-based pharmacological treatment, including renin-angiotensin-
aldosterone system inhibitors, betablockers, statins, oral antiplatelet therapy and early
revascularization, on one-year mortality, myocardial infarction and stroke in CAD patients with
T2DM (140). The first randomized controlled trial to demonstrate the beneficial impact of
multifactorial management in patients with T2DM at high cardiovascular risk by a combination
of lifestyle interventions and pharmacological treatment was the Intensified Multifactorial
Intervention in Patients with type 2 diabetes and Microalbuminuria (STENO 2) trial (141).
These reports were more recently supported by observational analyses in the Swedish Diabetes
Registry: patients with T2DM who achieved the recommended target of five risk factors
(HbAlc < 7.0% or < 53 mmol/mol, blood pressure < 140/80 mmHg, absence of albuminuria,
no smoking and low-density lipoprotein cholesterol (LDL-C) < 2.5 mmol/L or < 97 mg/dL)
had little or no excess risk of death, myocardial infarction and stroke compared with controls
without diabetes of corresponding ages (142).

Despite such findings supporting the pursuit of a comprehensive, multitargeted strategy, real
world data picture a substantial need for improvement in clinical practice, since recommended
risk factor control is generally insufficiently achieved and screening for dysglycaemia poorly
practiced (44, 143, 144). In particular, the EUROASPIRE cross-sectional survey have depicted
the implementation of European guidelines in Europe since 1995, by comparing diagnostic and
therapeutic strategies to guideline-directed standards of care (145-147).
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1.8 Gender aspects

1.8.1 Gender and sex differences in coronary artery disease and cardiovascular
pharmacotherapy

Despite the terms “sex” and “gender” still being used interchangeably, growing evidence
support the distinction of these two dimensions in clinical research (148). Sex describes
biological features differing between females and males, including chromosomes, epigenetics,
gene expression, sex hormones and their regulation, and anatomy. Gender refers to social,
cultural and behavioral factors influencing the role and perception of women and men in
society (Figure 6) (149). Sex and gender dimensions are not dichotomic parameters, and a
large spectrum of identities should be considered, reflecting the multiple interactions between
these two dimensions (149).

Ischaemic heart disease accounts for approximately 110 million loss of DALY's in men and 70
million in women (55). CAD has historically been considered a disease of the male sex, but it
remains underdiagnosed and undertreated in women. During the last decades, CAD mortality
has indeed remained higher among women than in men (150). A crucial point is the difference
between sex and gender influences: although female sex might be biologically protected from
CVD because of the hormonal asset, cardiovascular health has been broadly neglected in
women because of social, cultural and environmental factors (151) (Figure 6).

IDENTITY

Inner self RELATION
Expression Friends and
Perception colleagues

Marital status
Social support

Q GENDER
INSTITUTIONS O

Wage gap

Education ROLES
Resource Social expectations

distribution Household/

parental

k responsabilitiesj

Figure 6. Gender dimensions.
By Ferrannini G. Created with BioRender.com.

This may be an explanation to a latency of approximately ten years as regards the clinical
presentation of CAD in women, but when it occurs, women have a higher burden of
cardiovascular risk factors (except for smoking). Moreover, women suffer a higher incidence
of unstable angina and heart failure at presentation (58, 152). Women with acute myocardial
infarction have more in-hospital complications and a higher short-term mortality compared
with men (152, 153).
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Besides the protection conferred by the presence of oestrogens in females, there are sex-
specific conditions which might increase cardiovascular risk in women, e.g. polycystic ovary
syndrome, premature menopause, gestational diabetes and pre-eclampsia (154). Moreover, sex
modifies the pharmacokinetics of drugs in T2DM. Oral absorption of glucose-lowering
medications might be more impaired in females because of prolonged gastrointestinal emptying
time and higher gastric pH (155). The absorption after subcutaneous injection of insulin or
GLP-1 RA might differ in females because of more marked redistribution of the blood flow in
muscular and adipose tissues (155). Albumin glycosylation is more enhanced in males with
T2DM and in postmenopausal women, possibly impairing the protein binding of
sulphonylureas (155). Consequently, drug effects can be remarkably different (Table 2).
Furthermore, women tend to be more exposed to adverse drug reactions. Examples are dry
cough with angiotensin converting enzyme inhibitor treatment and QT prolongation with
sulphonylureas (155-158).

Despite the evidence on sex- and gender-related differences, clinical trials in cardiovascular
medicine have always included more men than women (159). The European Heart Health
Strategy (EuroHeart) project of the ESC and the European Heart Network, co-funded by the
European Commission, advocated better representation of women in clinical trials (160).

Table 2. Sex-related differences in pharmacokinetic parameters of cardiovascular drugs. Adapted from Tamargo
et al (156)

Drug class Outcomes in females vs. males

Insulin Less hypoglycaemic episodes in longstanding T2DM
Less glucose-lowering effect

Sulphonylureas Higher risk of QT interval prolongation
Metformin Higher mmden(.:e of.adV.erse gastrointestinal drug
effects and lactic acidosis
Higher plasma levels
Thiazolidinediones Higher incidence of hypoglycaemia, weight gain and
oedema
Acarbose Higher incidence of gastrointestinal side effects
GLP-1 RA Higher incidence of gastrointestinal side effects
SGLT2i Higher risk of urinary tract/genital infections
DDP-4i Higher risk of upper airways infections
Acetylsalicylic acid Higher bioavailability.

Differences disappear with oral contraceptive pill.
Higher plasma levels. Increased renal clearance
during pregnancy.

Beta-blockers

Angiotensin-converting enzyme inhibitors Higher incidence of cough
Statins Higher plasma levels
Warfarin Higher plasma levels

DPP-4i: Dipeptidyl peptidase-4 inhibitors; GLP-1 RA: glucagon-like peptide-1 receptor agonists; SGLT2i:
sodium-glucose co-transporter 2 inhibitors; T2DM: Type 2 diabetes mellitus.

1.8.2 Gender differences in dysglycaemia as a risk factor for coronary artery disease

Asnoted in the INTERHEART study, diabetes increases the risk of acute myocardial infarction
more in men than women (58). Between 1980 and 2000 four large meta-analyses showed that
women with diabetes are at a higher risk for fatal CVD compared to men (161-164). Besides,
the “female” temporal advantage of CAD presentation seems to be diluted in the presence of
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diabetes, especially after menopause (60, 163, 165). It has been debated whether this
disadvantageous profile in women with diabetes could be due to an increased risk factor burden
and worse control or whether sex-related factors contribute (154, 166, 167). This notion was
recently challenged by a large British study in which there was no difference between men and
women with newly diagnosed T2DM as regards the risk of myocardial infarction, stroke and
cardiovascular death (168). Still, there were important discrepancies in risk factor management
in general. Women were prescribed less cardioprotective drugs (including antiplatelet, lipid-
lowering and anti-hypertensive agents). In addition, they were more likely to be obese with
hypertension and dyslipidaemia (168). This is supposedly more relevant in patients with
established CVD, where risk factor control plays a major role.

1.9 New glucose-lowering drugs with cardioprotective effects

In 2008, following the observation that some marketed glucose-lowering agents increased the
risk of cardiovascular events and mortality, the European Medicines Agency (EMA) and the
U.S. Food and Drug Administration (FDA) issued a guidance to the pharmaceutical industries,
mandating that “concerns about cardiovascular risk should be more thoroughly addressed
during drug development” (169, 170). Trials on glucose-lowering agents had to be designed as
cardiovascular outcome trials (CVOTs), assessing both cardiovascular efficacy and safety by
a primary composite endpoint including three-point major adverse cardiovascular events (3P-
MACE), i.e. cardiovascular death, non-fatal myocardial infarction and non-fatal stroke.

Consequently, trials of glucose-lowering agents belonging to the classes of GLP-1 RA and
SGLT2i were conducted as CVOTs (171-178). They showed that these drugs, administered on
top of optimized standard therapy, were not only safe, but also superior to placebo in reducing
cardiovascular events in patients with T2DM and high cardiovascular risk or established CVD
(179-183). Consequently, the European guidelines recommend the use of such agents as first-
line glucose lowering therapy in drug-naive patients with T2DM and established
atherosclerotic cardiovascular disease or high cardiovascular risk and recommended them
together with metformin if they already were prescribed metformin (56, 184).

1.10 Gaps in knowledge and unmet needs
1.10.1 Screening for dysglycaemia and treatment target attainment in the real world

Since the EUROASPIRE surveys have been reporting a daunting picture as regards
management of patients with CAD, it is of interest to observe whether any improvement was
achieved after the issue of updated European guidelines, with a special focus on dysglycaemic
patients.

1.10.2 Improved screening methods for dysglycaemia

An OGTT requires patients to fast, to drink an unpalatable saccharine solution and is
considered time consuming. Therefore, its use has been questioned. Some of these drawbacks
can be curbed by obtaining a 1hPG value, thus potentially interrupting the OGTT before two
hours. To date, no firmly established thresholds exist for 1hPG values in patients with
established CVD.
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A test requiring a single blood sample, without the administration of a glucose load, would be
even more attractive. Classifying patients with CAD by means of indexes of insulin resistance
may offer this opportunity and is biologically sound since insulin resistance may be targeted
by lifestyle if needed combined with pharmacological interventions.

1.10.3 Gender differences

A contemporary picture of gender differences in a current, real-world cohort of patients with
established CAD and with dysglycaemia, whether previously known or not, is largely missing.
Likewise, there is no evidence on the prevalence of undiagnosed dysglycaemia in men and
women with established CAD. Moreover, it is debated if management and treatment target
attainment differ in men and women according to their glycaemic status. Additionally, whether
such findings are generalisable across countries with different healthcare systems and social
structures remains to be determined.

1.10.4 Is cardioprotection with new glucose-lowering agents depending on metformin

A controversial point is whether drug-naive patients with T2DM and an indication to start a
GLP-1 RA and/or a SGLT2i for cardioprotection should be prescribed metformin first, or
whether the GLP-1 RA/SGLT2i should be prioritized, and metformin added only if additional
glycaemic control is needed. The debate is fuelled by the fact that, in CVOT, concomitant
metformin use was very frequent, and uncertainty remains regarding whether the
cardiovascular benefits of these agents occur in both the presence and absence of metformin
(171-178). Therefore, whether these new glucose-lowering drugs require background
metformin to exert significant cardiovascular benefits remains unknown (120, 184, 185).
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2. AIMS

General objective

To investigate the management of dysglycaemia in patients with cardiovascular disease or at
high cardiovascular risk in terms of screening, treatment, gender differences and
implementation of new glucose-lowering drugs with cardiovascular benefit.

Specific objectives are to investigate

The prevalence of dysglycaemia by means of different screening tools in patients with
established CAD and without known diabetes (Study I) and according to gender (Study
D).

New screening methods for dysglycaemia in patients with established CAD and without
known dysglycaemia (Study III and IV).

The management of dysglycaemic patients with established CAD as regards lifestyle
habits, the use of cardioprotective drugs and attainment of treatment targets (Study I),

and whether there are gender differences in such management (Study IT).

Whether the prognosis of patients with established CAD and dysglycaemia differs
according to gender (Study II).

If the cardioprotective efficacy of a GLP1-RA in T2DM patients at very high risk or
with established CVD is dependent on the use of metformin (Study V).
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3. MATERIALS AND METHODS

3.1 Study populations
3.1.1 EUROASPIRE (Studies I - IV)

EUROASPIRE 1V was a cross-sectional study conducted in 2012 — 2013 in 79 centres across
24 member countries of the ESC.

Patient selection criteria were like those in EUROASPIRE V (see below) apart from that they
could be recruited six months to three years prior to the date of the investigation (median time
between the index event and the study visit 1.4, interquartile range 1-1.9 years). Of 16,426
patients who were invited to attend a study visit, 7,998 (49%) participated and constitute the
study population.

EUROASPIRE V was a cross-sectional study conducted in 2016 — 2017 in 131 centres across
27 member countries of the ESC.

The material included consecutive patients aged 18 to 80 years, who six to 24 months prior to
the date of the present investigation had been diagnosed with a first or recurrent (i) elective or
emergency coronary artery bypass graft (CABQG), (ii) elective or emergency percutaneous
coronary intervention (PCI), (iii) acute myocardial infarction (International Classification of
Diseases — 10 revision — ICD-10 — 121) and (iv) acute myocardial ischaemia (ICD-10 120).

O£ 16,208 patients who were invited to attend a study visit, 8,261 (51%) accepted and constitute
the present study population. The median time between the index event and the study visit was
1.1 years (interquartile range 0.8—1.6). Extensive information was collected by means of
interviews and investigations by centrally trained research staff, using standardized methods
and uniform equipment. Data were electronically submitted to the data management centre
(EURObservational Research Programme (EORP), ESC, Sophia-Antipolis, France).

3.1.2 REWIND (Study V)

The REWIND trial (ClinicalTrials.gov number: NCTO01394952) was a multicentre,
randomized, double-blind, placebo-controlled trial, conducted at 371 sites in 24 countries
(186). Eligible patients were > 50 years old with T2DM, a HbAlc <9.5% (80 mmol/mol), BMI
> 23 kg/m? on stable treatment with glucose-lowering drugs since at least three months. The
participants had either suffered a previous cardiovascular event or had multiple cardiovascular
risk factors. Exclusion criteria were an estimated glomerular filtration rate (eGFR) < 15
mL/min/1.73 m?, a history of cancer within five years prior to inclusion, any episode of severe
hypoglycaemia in the year prior to inclusion, a life expectancy below one year, a coronary or
cerebrovascular event within the previous two months or a planned revascularization.

3.2 Methods
3.2.1 EUROASPIRE 1V and V (Studies I — 1V)
Measurements

All measurements were standardized and the investigational staff from the participating centres
underwent a centralized training session in the use of the investigational equipment and
questionnaires.
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Height (cm) and weight (kg) were recorded in light indoor clothes without shoes (Scales 701
and Measuring stick model 220; SECA Medical Measuring Systems and Scales, Birmingham,
U.K.).

Waist circumference was measured with the patient standing, using a metal tape applied
horizontally at the midway point on the midaxillary line between the lowest rim of the ribcage
and the superior iliac crest.

Blood pressure was measured twice on the right upper arm in the sitting position using an
automatic digital sphygmomanometer (Omron M6; OMRON Corporation, Kyoto, Japan). The
mean of both measurements was used for the analyses.

Laboratory Investigations were performed on venous blood drawn after > 10 hours fast. The
samples were frozen (following centrifugation and as whole blood in EDTA tubes) locally at -
70°C and subsequently sent to a central laboratory for final storage and analyses (Disease Risk
Unit, National Institute for Health and Welfare, Helsinki, Finland) accredited by the Finnish
Accreditation Service, fulfilling the requirements of the standard SFS-EN International
Organization for Standardization/International Electrotechnical Commission 17025:2005.

The following was analysed: total and HDL-C, triglycerides, and HbAlc. LDL-C was
calculated by means of Friedewald’s formula. Total and HDL-C and triglycerides were
analysed on a clinical chemistry analyser (Abbot Architect Analyzer; Abbott Laboratories,
Abbott Park, IL) using an enzymatic method for measuring total cholesterol. HbAlc was
measured with an immunoturbidimetric International Federation of Clinical Chemistry and
Laboratory Medicine aligned method (Abbot Architect Analyzer) in whole blood.

Screening for dysglycaemia by means of an OGTT (75 g glucose in 200 mL water) was
performed on all patients without known diabetes. Plasma glucose (PG) was analysed locally
in the fasting state (FPG), one hour (1hPG) and two hours after the glucose load (2hPG) with
a photometric point-of-care technique (Glucose 201+ (EUROASPIRE IV) or Glucose 201RT
(EUROASPIRE V); HemoCue, Angelholm, Sweden). Since the HemoCue technique is
cholesterol-sensitive, glucose values were corrected for cholesterol according to the formula:
HemoCue glucose + 0.15 x (total cholesterol - 5). HemoCue automatically converts the venous
blood glucose to plasma glucose by using the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) recommendation: plasma glucose = 1.11 x whole blood
glucose (187, 188).

Serum insulin and C-peptide were measured on frozen samples, obtained during the OGTT,
and stored at the central laboratory in Helsinki. Both insulin and C-peptide were measured
using chemiluminescent microparticle immunoassay (manufacturer Abbott laboratories,
Abbott Park, IL, USA) on a clinical immunochemistry analyser (Architect ci8200, Abbott
Laboratories). Sample quality was assessed based on visual evaluation, and internal controls.
To ensure standardization of measurements, the laboratory took part in External Quality
Assessment Schemes organized by Labquality (Helsinki, Finland). The coefficient of variation
(meantstandard deviation - SD) and systematic error (bias) (mean+SD) were 2.2%+0.4 and
1.1%=0.2 for insulin, 4.0%=0.7 and —10.2%=0.5 for C-peptide respectively.

HOMA-IR was calculated according to the formula

glucose (mmol/L) x insulin (pU/mL)

HOMA — IR = 275

HOMA_? based on insulin (HOMAZ2-ins) and on C-peptide (HOMA2-Cpep) were obtained by
the calculator at https://www.dtu.ox.ac.uk/homacalculator/. The HOMA2 model is an updated
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version of the HOMA model which accounts for variations in hepatic and peripheral glucose
resistance and the contribution of circulating proinsulin (189). Low HOMA values indicate
high insulin sensitivity, whereas high HOMA-IR values indicate low insulin sensitivity, i.e.,
insulin resistance.

Definitions

Pharmacological treatment: Information on medication intake was based on the self-reported
use at the time of the interview.

Educational level was defined as “low” if the patient reported no further education than
completed primary school.

Smoking was defined as self-reported smoking and/or a breath carbon monoxide higher than
10 ppm by means of Smokerlyzer (Bedfont Scientific, Model Microl) at the time of interview.
Persistent smoking was defined as smoking at the time of interview among those who smoked
the month prior to the index event.

Overweight was defined as Body Mass Index (BMI) 25 - 29.9 kg/m? and obesity as BMI > 30
kg/m?,

Central obesity was defined as waist circumference > 88 cm for women and > 102 ¢cm for men.

Physical activity target was defined by the question: “Do you take regular physical activity for
at least 30 minutes on average five times a week?’’.

Use of four cardioprotective drugs, consisting of antiplatelet drugs, beta-blockers, renin-
angiotensin-aldosterone system (RAAS) blockers, and lipid-lowering drugs was assessed at the
interview visit.

Treatment target attainment was assessed for blood pressure, LDL-C and HbA ¢ (for patients
with previously known diabetes) according to the 2012 European Guidelines on Cardiovascular
Disease Prevention in Clinical Practice (190) and the 2013 European Guidelines for Diabetes,
Pre-Diabetes and Cardiovascular Disease (191), which were the existing guidelines at the time
of the survey.

Glycaemic state was defined according to World Health Organization (Table 1) (33).

Previously known diabetes was defined as a self-reported history of diabetes or use of any
glucose-lowering medication.

Newly detected dysglycaemia was defined as the presence of IGT or T2DM according to the
OGTT performed in patients without previously known diabetes.

Anxiety and depression scores were estimated by means of the Hospital Anxiety and
Depression Scale (HADS) questionnaire (192).

Generic health status was assessed by means of VAS-scale of the EuroQoL 5D questionnaire,
varying from O (the worst possible health status) to 100 (the best possible health status) (193).

Follow-up

The participants in EUROASPIRE IV and V were followed up by means of a one-page
questionnaire after at least one year from index examination, and with information available
for at least 90% of the patients from the participating centre as an eligibility criterion (194).
Follow-up information was collected from the patients, medical records, registries or databases
(mortality registries, municipal records and archives) or by contacting the patients’ family or
family doctor. The information comprised vital status, date and cause of death (coronary heart
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disease, stroke, other vascular, cancer or other causes) and the new hospitalizations following
the baseline interview (Figure 7).

The first of cardiovascular death or hospitalization for non-fatal myocardial infarction, non-
fatal stroke and heart failure served as the primary cardiovascular outcome and death from any
cause as the secondary outcome. In case of several non-fatal events the first was considered.

EUROPEAN SURVEY OF CARDIOVASCULAR DISEASE PREVENTION AND DIABETES
EUROASPIRE V

1-year follow-up CRF

Country Code |:|:| Centre Code |:|:| Patient ID D:I:I:I

How was the data in this CRF collected? [ patient interview only 1, Hospital record only 2, Both 3

Vital status 1 aive 1, Dead 2, Unknown 3

Date of death L1 / OO / aoood Day / Month / Year

Cause D CHD 1, Stroke 2, Other vascular 3, Cancer 4, Other cause 5, Unknown 9

Procedures or events following the date of interview

In case of several procedures or events, please indicate the date, when the first one took place

Date of hospitalization

Day / Month / Year
Hospitalization for PCI O wo 0, Yes 1, Unknown 9 Oa D/D D/D OO0
Hospitalization for CABG O wo 0, Yes 1, Unknown 9 Oa D/D D/D O0on0
Hospitalization for AMI O wo 0, Yes 1,Unknown 9 O D/D D/D O0on0

Hospitalization for stroke or TIA [ wo o, ves 1, unknown 9 O D/D D/D OO0
Hospitalization for heart failure O wo 0, Yes 1, Unknown 9 O D/D D/D O0oad

Diagnosed with diabetes? O wo 0, Yes 1, Unknown 9

Figure 7. The form for follow-up of EUROASPIRE V patients.

3.2.2 REWIND (Study V)

The participants were randomly assigned to 1.5 mg of weekly subcutaneous dulaglutide or to
a corresponding volume of placebo (186). They underwent scheduled visits after two weeks,
three and six months and subsequently every three months for drug dispensing and every six
months for a more detailed assessment (178, 186). The investigators were encouraged to
promote a healthy lifestyle and defined targets for each cardiovascular risk factor. Apart from
another GLP-1 RA or pramlintide they could add any glucose-lowering medication according
to local guidelines.

Outcomes

The primary endpoint was the first of 3P-MACE, i.e. a composite of non-fatal myocardial
infarction, non-fatal stroke and death from cardiovascular or unknown causes. Three key
secondary outcomes were analysed: 1) a composite of clinical microvascular outcome,
including retinopathy due to diabetes (defined as need for photocoagulation, anti-vascular
endothelial growth factor therapy or vitrectomy) or renal disease (defined as development of a
urinary albumin-to-creatinine ratio > 33.9 mg/mmol in those with a lower baseline
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concentration, a sustained 30% or greater decline in eGFR based on two consecutive eGFR
assessments or need for chronic renal replacement therapy); 2) all-cause death; and 3) heart
failure requiring either hospital admission or an urgent visit requiring therapy.

3.3 Statistical Analyses
3.3.1 EUROASPIRE (Studies I - IV)

Electronically collected data from EUROASPIRE IV and V were submitted online to the data
management centre (EORP, ESC, Sophia-Antipolis, France). Data analyses were performed at
the Department of Public Health and Primary Care, Ghent University, Belgium by means of
SAS statistical software release 9.4 (SAS Institute Inc., Cary, North Carolina, USA).
Distributions of baseline characteristics including patients’ demographics, risk factor profiles
and use of medications in different groups were summarized according to means, standard
deviations and proportions.

Study I To account for the clustering of patients within centres, distributions of characteristics
across groups were compared according to linear mixed model analysis for continuous
outcomes and mixed logistic model analysis for binary outcomes. Models included age and sex
as covariates. Goodness-of-fit statistics for all models demonstrated acceptable fit to the data.
A level of alpha < 0.05 was a priori chosen to indicate statistical significance.

Study II: The association between gender and time to the occurrence of the endpoint was
evaluated using Cox survival modelling, adjusting for age. The assumption of proportionality
of hazards in women and men overtime was checked by fitting a gender-by-time interaction
term in the model.

Study III: The optimal threshold for ThPG was obtained by the maximum Youden’s J statistic
on receiver operator characteristics (ROC) curves testing the diagnostic performance in
diagnosing T2DM, i.e. a 2hPG value of 11.1 mmol/L (200 mg/dL). The optimal threshold was
compared with a 1hPG of 12 mmol/L, which the optimal threshold found in the discovery
cohort (195).

Study IV: The optimal threshold for FPG, HbA Ic, fasting insulin, fasting C-peptide, HOMA-
IR, HOMAZ2-ins and HOMA2-Cpep were tested for both T2DM (2hPG value > 11 mmol/L)
and dysglycaemia (2hPG value > 7.8 mmol/L). The associations between 2hPG and the other
screening parameters, as well as between HOMA indexes and clinical features, were analysed
by Spearman correlation coefficients.

3.3.2 REWIND (Study V)

The characteristics of participants according to reported baseline metformin were summarized;
categorical variables were reported as counts and percentages with the corresponding odds
ratios (ORs, i.e. the odds of being on metformin in the presence vs. the absence of the variable);
continuous variables were reported as mean and standard deviation with the corresponding ORs
(i.e. the odds of being on metformin for every unit increase in the value of the continuous
variable). Logistic regression was used to assess the univariable relationship between the
baseline characteristics of interest and baseline metformin use. A multivariable logistic
regression model was constructed considering all univariable predictors of baseline metformin
with a p-value < 0.05 using backward elimination method with alpha-level of 0.05.
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The estimated effect of dulaglutide on the study outcomes in participants with and without
baseline metformin use was evaluated according to the intention-to-treat principle and included
all outcomes occurring on or after randomization in the analysis. Kaplan-Meier estimates were
used to generate cumulative incidence risks and Cox proportional hazards models were used to
estimate the HR and 95% CI in each of subgroups of baseline metformin use. The Cox models
were adjusted for the baseline characteristics identified in the multivariable logistic regression
model. The interaction between dulaglutide and metformin use at baseline was assessed by
including the subgroup and interaction term in the Cox model.

The effect of dulaglutide on the primary outcome was also evaluated by means of an analysis
of three subgroups in relation to glucose lowering therapy at baseline: drug naive patients
(neither on metformin nor on any other glucose drugs); patients on any glucose lowering drug
except metformin; and patients on metformin with or without any other glucose lowering drug.

To investigate whether the use of metformin during follow up influenced the effect of
dulaglutide on the four major outcomes (MACE, all-cause death, microvascular and heart
failure) the hazard of dulaglutide was re-estimated after adjusting for baseline metformin use
and metformin use as a time-varying covariate (i.e. at the last visit before either the outcome
or censorship).

3.4 Ethical considerations
3.4.1 EUROASPIRE (Studies I — IV)

The EUROASPIRE surveys include countries in the European region according to the World
Health Organization. National Coordinators were responsible for obtaining Local Ethics
Committees approvals in each of the included countries (24 in EUROASPIRE IV and 27 in
EUROASPIRE V). All patients received a patient information brochure explaining the study
outline and its purpose, the interview schedule, what happens after the study, and details on
results and confidentiality. Written, informed consent was subsequently obtained from each
participant and stored in the patient file. The research assistants signed the Case Record Form
confirming that informed consent was obtained and stored as instructed. All information on
patients was anonymised before electronic transfer to the central storage at the ESC. Patients
were managed according to standard care.

All procedures were conducted in compliance with the Declaration of Helsinki. Patients were
managed according to current evidence-based treatments, uninfluenced by the participation in
the study. All information on patients was anonymized before transfer to the central storage at
the European Society of Cardiology.

3.4.2 REWIND (Study V)

Ethics review boards responsible for each participating institution approved the REWIND
protocol. All participants provided written informed consent. The trial was carefully monitored
by an independent data monitoring committee, who reviewed unblinded data every six months.
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4. RESULTS

4.1 Baseline characteristics
4.1.1 Study I: the EUROASPIRE V cohort

In total, 16,208 medical records were reviewed, and 8,261 patients attended the interview
(participation rate: 51%) in the study cohort based on EAV. Figure 8 depicts a flowchart of
patient classification according to glycaemic status.

Patients interviewed

n=8,261
|
Eligible for OGTT
OGTT Aok ot Rt (r4%6)
n=5,809 (70-3%) Fasting glucose > 11 mmol/L (n=39)
OGTT OGTT
Possible to perform Not performed
n=5,272 n=832
[
OGTT
performed
n=4,440

No dysglycemia
n=2,616 (58.9%)

Normoglycemia  Impaired Fasting Glucose
n=2,024 (45.6%) n=592 (13.3%)

Figure 8. Flowchart of the patients by glucose category. Proportions in the last row refer to the total of patients
who underwent an OGTT.

OGTT: oral glucose tolerance test.
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Pertinent patient characteristics by glycaemic status at the time of interview are presented in
Table 3. Overall, the mean (SD) age at interview was 63.6 (9.6) years and 26% were women.
Overweight or obesity was most common in patients with known diabetes (89%). Persistent
smoking was present in approximately half of the patients, somewhat less frequent in patients
with known diabetes. Approximately two-thirds of the patients did not practice physical
activity for the recommended amount of at least 30 min 5 times/week, a proportion that was
higher among those with known diabetes (72%).

Table 3. Pertinent clinical and lifestyle characteristics by glucose category at the time of the interview.
Data are % (n) or mean (standard deviation). Numbers in brackets = number of patients/total number of
observations. If only one number is given the number of observations corresponds to the total population within

the group.
No .O.GTT .Newly .Newly Previously
. | eligible, not diagnosed diagnosed .
dysglycaemia P d IGT diabet known diabetes
* N=2.616 performe iabetes N=2.452
i N=832 N=1,095 N=729 i
Age 61.8 (10.0) 62.9(10.2) 64.4 (9.5) 64.6 (9.4) 64.9 (9.0)
Women 23.4(613) 23.4 (195) 28.7 (314) 25.0 (182) 29.0 (712)
Glycaemic variables
FPG (mmol/L) 5.6 (0.69) 5.9 (1.10) 5.9 (0.62) 7.2 (1.07) 8.7 (3.01)
HbA 1¢ (%-mmol/mol), mean* | 5.5 (0.46),37 | 5.7 (0.68), 38 | 5.6 (0.49), 38 | 5.9 (0.57),41 | 7.2 (1.68),55
Lifestyle
. . 54.9 51.9 48.9 55.6
Persistent smoking 497/996) | 280 1 6518 | 133 (336/604)

. . 76.9 82.7 83.9 88.5
Overweight or obesity 20042607) | 772 ©38) | o0a1.003) | (610727) | (2098/2.370)
Obese with no advice to 37.1 36.3 (94) 42.4 40.3 36.2
follow dietary guidelines (277/746) ) (179/422) (122/303) (412/1,138)
No regular physical activity 60.4 63.6 (485) 65.1 67.7 72.2
> 30 min 5 times/week (1430/2368) ) (637/979) (452/668) (1578/2,178)

* Including Impaired Fasting Glucose
* Mean HbA ¢ levels were converted using the NGSP calculator at http://www.ngsp.org/convert1.asp

1 Defined as smoking at time of interview among those who smoked in the month prior to the index event
FPG: fasting plasma glucose; HbAlc: glycated haemoglobin Alc.
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4.1.2 Study II: the EUROASPIRE IV and V cohorts

Figure 9 depicts a flowchart of patient classification according to gender and glycaemic status.
A total of 4,796 (30%) patients had previously known diabetes (women 33% vs. men 29%;
p<0.0001), whereof 97% T2DM. An OGTT was performed in 8,655 (76%) of the remaining
11,463 patients. A similar proportion of women and men did not undergo such screening
(p=0.26). The final study population of dysglycaemic individuals with CAD comprised 4,796
patients with previously known T2DM and 4,029 with newly detected dysglycaemia.

Patients interviewed
n=16,259
EAIVNn=7,998 EAV n=8,261
Men n=12,182 (74.9%)
Women n=4,077 (25.1%)
Previously known diabetes Glycaemic status unknown
n=4,796 (29.5%) n=11,463 (70.5%)
Men n=3,454 (28.4%) Men n=8,728 (71.6%)
Women n=1,342 (32.9%) Women n=2,735 (67.1%) OGTT not performed
| n=2,808
Men n=2,160
OGTT performed Women n=648
n=8,655
Men n=6,568
Women n=2,087
No dysglycaemia Newly diagnosed dysglycaemia
n=4,626 n=4,029
Men n=3,588 Women n=1,038 Men n=2,980 Women n=1,049
Normoglycaemia n=2,381 (36.2% Normoglycaemia n=746 (35.7%) IGT n=1,516 (23.1%) IGT n=590 (28.3%)
IFG n=1,207 (18.4 IFG n=292 (14.0%) T2DM n=1,464 (22.3%) T2DM n=459 (22.0%)

Figure 9. Flowchart of the patients and their glycaemic classification according to the oral glucose tolerance test
(OGTT). The dysglycaemic participants are highlighted with yellow background.

EA: EUROASPIRE; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes
mellitus.

Baseline characteristics of dysglycaemic women and men in EUROASPIRE IV and V at the
time of the interview are shown in Table 4, separately for those with known diabetes and newly
detected dysglycaemia.

Women were older than men, had a lower educational level, and had a higher frequency of
hypertension, dyslipidaemia and obesity in both glycaemic categories. Renal function,
expressed as eGFR, was better in women than in men. Total cholesterol and LDL-C levels were
significantly higher (p <0.0001) in women than in men, both in patients with previously known
T2DM and among those with newly detected dysglycaemia. Serum triglycerides were
significantly higher in women than in men in those with previously known T2DM. The
glycaemic control as assessed by HbAlc was less strict in women than in men with known
T2DM (p < 0.0001); 51.0% of women and 57.3% of men had a HbAlc < 7% (53 mmol/mol)
(p <0.0001).

Less women than men were current smokers, but the proportion of persistent smokers (patients
who were smoking at the time of the recruiting event and still smoking at interview) was similar
in both genders across the two glycaemic categories.
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4.1.3 Study III: the EUROASPIRE V cohort

Baseline characteristics of the 918 EUROASPIRE V patients without previously known type
2 diabetes (age: 62.8 + 10.1 years; women = 24%) in whom HbAlc, FPG, 1hPG and 2hPG
were available (Figure 10) are shown in Table 5.

Figure 10. Patient flow-chart.

EUROASPIRE V
Patients interviewed
n=8,261
Previously known diabetes
n=2,452
OGTT not performed: n=1,369
Not fasting: n=498
Fasting glucose >11 mmol/L: n=39
Other reasons: n=832
OGTT performed
n=4,440

FPG, 1hPG, 2hPG and HbA .
available

Present study population
n=918

1hPG: one-hour plasma glucose; 2hPG: 2-hour plasma glucose; FPG: fasting plasma glucose
HbAlc: glycated haemoglobin; OGTT: oral glucose tolerance test.

Table 5. Pertinent clinical characteristics of the patient population. Entries are % (n/total number) or mean +
standard deviation.

Characteristic

Age (years) 63+ 10
Men 76 (693/918)
Body mass index (kg/m?) 28.6+4.7
Central obesity (waist women >80 cm; men > 102 cm) 52 (439/846)
Hypertension (Blood Pressure > 140/90 mmHg) 33 (302/916)
Blood Pressure Systolic/Diastolic 131 £19/79+ 11
Fasting Plasma Glucose 6.1+1.0
One-hour Plasma Glucose 10.0+2.8
Two-hour Plasma Glucose 7.8+2.5
Glycated hemoglobulin Alc (%) [mmol/mol] 5.6+0.4[36]
Acetylsalicylic acid /antiplatelets 95 (876/917)
Beta-blockers 81 (739/917)
Angiotensin Converting Enzyme inhibitors 60 (547/917)
Angiotensin-II receptor antagonists 16 (144/917)
Statins 91 (834/917)
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4.1.4 Study IV: the EUROASPIRE V cohort

A total of 4,440 patients without known glucose perturbations underwent an OGTT in
EUROASPIRE V, from whom 4,036 samples were received and stored at the central laboratory
in Helsinki. As detailed in Figure 11 the samples from 502 patients were considered unreliable,
leaving 3,534 samples available for the present investigation. The OGTT revealed that 1,439
(41%) of the 3,534 patients were dysglycaemic (IGT = 24% and T2DM = 16%)).

4,440 Patients who underwent an OGTT

Samples received by the

4,036 central laboratory

Haemolytic
samples excluded 3,890
Bad quality samples
excluded* 3 ’ 542
Samples with Available fi

inconsistencies excluded* 3,534 d;taal :naely:irs

| || |

[ Classification based on OGTT J

| | |

Normoglycaemia IFG IGT Type 2 Diabetes
N=1,598 N=497 N=858 N=581

Figure 11. Sample selection. Flowchart describing the sample selection process and reasons for sample exclusion.

*Bad quality including samples with extremely out-of-range insulin and/or C-peptide values, out-of-range calcium
values and samples that arrived in poor condition at visual assessment’ *Inconsistencies including molar ratio of
insulin to C-peptide > 1.

IFG: impaired fasting glucose; IGT: impaired glucose tolerance.

Baseline characteristics of the study population, including the complete glycaemic profile
(FPG, 2hPG, HbA Ic, fasting serum insulin and C-peptide and HOMA indexes) are reported in
Table 6. The mean age of the patients was 63 years and 25% were women. As regards CV risk
factors 54% were centrally obese and 18% current smokers. Their mean blood pressure was
133/80 mmHg and mean LDL-C 2.4 mmol/L.

The mean values of all different screening tests were significantly higher in patients with vs.
without newly diagnosed dysglycaemia (all p < 0.0001) as reported in Table 7.
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Table 6. Baseline characteristics of the study population. Data are % (n) or mean (SD) if not stated otherwise.

Variable All (N=3,534) Men (N=2,667) Women (N=867)
FPG (mmol/L) 5.9(0.9) 6.0 (0.9) 5.9(0.9)
2hPG (mmol/L) 7.6 (2.5) 7.5(2.5) 7.8 (2.5)
HbAlc (%) [mmol/mol] 5.6 (0.4) [37] 5.6 (0.4) [37] 5.6 (0.4) [38]
Fasting serum insulin (uWU/mL) 11.4 (6.6) 11.4 (6.5) 11.4 (6.9)
Fasting serum C-peptide (nmol/L) 0.7 (0.4) 0.8 (0.4) 0.7 (0.4)
HOMA-IR 3.1(2.0) 3.1(1.9) 3.0(2.0)
HOMA2-ins 1.5(0.9) 1.5(0.9) 1.5(0.9)
HOMA2-Cpep 1.7 (0.9) 1.7 (0.8) 1.7 (0.9)

FPG: fasting plasma glucose; 2hPG: two-hour postload glucose; HbAlc: glycated haemoglobin Alc; HOMA:
homeostasis model assessment; HOMA2-ins: homeostasis model assessment 2 based on insulin; HOMA2-Cpep:
homeostasis model assessment based on C-peptide.

Table 7. Glycaemic variables in CAD patients without vs. with newly diagnosed dysglycaemia. Dysglycaemia is
defined as either impaired glucose tolerance or T2DM according to the oral glucose tolerance test. Cell entries are

mean (SD).

. Newly diagnosed

Variable N dgigzl)(f)cgasemla dysglyca%mia

’ N=1,439
FPG (mmol/L) 5.6 (0.7) 6.4 (1.0
2hPG (mmol/L) 6.1(1.1) 9.8(2.3)
HbAlc (%) [mmol/mol] 5.5(0.3) [37] 5.7 (0.5) [39]
Fasting serum insulin (uWU/mL) 10.7 (6.2) 12.4 (7.0)
Fasting serum C-peptide (nmol/L) 0.7 (0.3) 0.8 (0.37)
HOMA-IR 2.7 (1.6) 3.6(2.2)
HOMA2-ins 1.4 (0.8) 1.7 (0.9)
HOMA2-Cpep 1.6 (0.8) 1.9(0.9)

FPG: fasting plasma glucose; 2hPG: two-hour postload glucose; HbAlc: glycated haemoglobin Alc; HOMA:
homeostasis model assessment; HOMA2-ins: homeostasis model assessment 2 based on insulin; HOMA2-Cpep:
homeostasis model assessment based on C-peptide.

4.1.5 Study V: the REWIND trial

In the REWIND trial, a total of 9,901 participants were recruited between August 2011 and
August 2014, of whom 4,949 were randomized to dulaglutide and 4,952 to placebo. Patient
characteristics are presented in Table 8.

At baseline, 8,037 (81%) of the participants were prescribed metformin while 1,864 (19%)
were without such therapy. The proportions were similar in the dulaglutide and placebo groups.

At baseline the proportion of female patients was higher in the group without compared to
those with metformin (49 vs. 45.7%). In addition, patients on metformin were older (67.8 vs.
65.8 years), slightly less obese (BMI 31.8 vs. 32.4 kg/m?) and had a history with a higher
proportion of previous cardiovascular events (24 vs. 20%), heart failure (13 vs. 8%) and an
eGFR < 60 ml/min/1.73 m? (35 vs. 19%). Moreover, they had higher use of insulin (30 vs.
22%) and thiazolidinediones (4 vs. 1%) but a lower use of statins (62 vs. 67%) and renin-
angiotensin system inhibitors (79% vs. 82%).
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Independent determinants of baseline metformin use included age, previous cardiovascular
events, heart failure, diabetes duration, eGFR < 60, BMI, diastolic blood pressure, heart rate,
LDL-C and use of insulin, thiazolidinediones, renin angiotensin aldosterone system inhibitors

and use of statins.

Table 8. Baseline characteristics of patients with and without metformin treatment at baseline. Categorical
variables are reported as counts and percentages with the corresponding ORs (i.e. the odds of being on metformin
in the presence vs. absence of the variable). Continuous variables are reported as mean and standard deviation
with the corresponding ORs (i.e. the odds of being on metformin for every unit increase in the value of the

continuous variable).

Overall Metformin
Ve =R N=‘i{:337 N=1II,(;§64 (95°/OoRCI)* value*
Age (years) 66.2 (6.5) 65.8 (6.3) 67.8(7.1) | 0.95(0.95,0.96) | <0.0001
Females 4,589 (46.3) | 3,675(45.7) | 914(49.0) | 0.88(0.79,0.97) 0.01
Current tobacco use 1,407 (14.2) 1,157 (14.4) | 250 (13.4) | 1.09 (0.94,1.26) 0.27
Cardiovascular event 2,035 (20.6) 1,585 (19.7) | 450 (24.1) | 0.78 (0.69,0.88) | <0.0001
Hypertension 9,224 (93.2) | 7,474 (93.0) | 1,750 (93.9) | 0.87(0.70,1.07) 0.17
Prior heart failure 853 (8.6) 620 (7.7) 233 (12.5) | 0.59(0.50,0.69) | <0.0001
Diabetes duration (years) 10.5(7.2) 10.6 (7.0) 10.2 (8.0) 1.0 (1.0,1.0) 0.02
Retinopathy due to diabetes 891 (9.0) 720 (9.0) 171(9.2) | 0.98(0.82,1.17) 0.82
HbAlc (%), (mmol/mol) 7.3 (1.1);57 | 7.4(1.0); 57 |7.3(1.1); 56| 1.05(1.00,1.11) 0.03
eGFR < 60 (ml/min/1.73m2) 2,199 (22.2) 1,555 (19.3) | 644 (34.5) | 0.45(0.41,0.51) | <0.0001
Albuminuria 3,467 (35.0) | 2,786 (34.7) | 681 (36.5) | 0.90(0.80,1.00) 0.04
Sulphonylurea 4,552 (46.0) | 3,723 (46.3) | 829(44.5) | 1.08(0.97,1.19) 0.15
Insulin 2,363 (23.9) 1,800 (22.4) | 563 (30.2) | 0.67 (0.60,0.75) | <0.0001
DPP4i 564 (5.7) 456 (5.7) 108 (5.8) | 0.98 (0.79,1.21) 0.84
Thiazolidinedione 168 (1.7) 97 (1.2) 71 (3.8) 0.31(0.23,0.42) | <0.0001
Body Mass Index (kg/m?) 32.3(5.7) 324 (5.7) 31.8(5.8) | 1.02(1.01,1.03) | <0.0001
Systolic Blood Pressure (mm Hg) 137 (16.8) 137 (16.8) 137 (16.9) | 1.00 (1.00,1.01) 0.23
Diastolic Blood Pressure (mm Hg) 78.4 (9.83) 78.7(9.75) | 77.5(10.1) | 1.01(1.01,1.02) | <0.0001
Heart Rate (beats/min) 71.5(10.9) 71.7 (10.8) | 70.4 (11.1) | 1.01(1.01,1.02) | <0.0001
LDL-C (mmol/L) 2.6 (1.0) 2.5 (1.00) 2.7 (1.00) | 0.82(0.78,0.86) | <0.0001
Triglycerides (mmol/L) 1.6 (1.2,2.2) 1.6(1.2,2.2) |1.6(1.2,2.2)| 1.01(0.97,1.06) 0.53
ACEi/ARB 8,068 (81.5) | 6,593 (82.0) | 1,475(79.1) | 1.20(1.06,1.37) | 0.004
Beta blocker 4,512 (45.6) | 3,652 (45.4) | 860 (46.1) | 0.97 (0.88,1.08) 0.59
Statin 6,547 (66.1) | 5,395(67.1) | 1,152 (61.8) | 1.26 (1.14,1.40) | <0.0001

ACE/ARB: ACE inhibitors/angiotensin receptor blockers; BP: blood pressure; CI: Confidence interval; DPP4i:
Dipeptidyl Peptidase 4 inhibitors; eGFR: estimated glomerular filtration rate; IQR: interquartile range; LDL-C:
low-density lipoprotein cholesterol; OR: Odds Ratio; MACE: Major Adverse Cardiovascular Events; SD:

standard deviation.
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4.2 Screening for glucose perturbations

4.2.1 Screening for dysglycaemia in patients with coronary artery disease (Study I)

Among the 8,261 patients in EUROASPIRE V, 2,452 (30%; men 71%; women 29%) had
previously known diabetes. Of the remaining patients (n=5,809), 537 were not eligible for an
OGTT since they were not fasting (n=498) or had a fasting glucose > 11 mmol/L (n=39) leaving
5,272 eligible for an OGTT, which was performed on 4,440 (84%) while 832 (16%) did not
undergo an OGTT by unknown reasons (Figure 10).

The proportion of patients with unknown glycaemic state who were identified as dysglycaemic
based on screening by means of FPG, 2hPG and HbAlc is shown in Figure 12. Of the 729
patients with newly diagnosed T2DM, the proportion identified were: by FPG 59%, by 2hPG
52%, by HbAlc 19%, by FPG + 2hPG 91%, and by HbAlc + FPG: 70%. The proportion with
T2DM detected by all three tests was 6%. A total of 238 (30%) patients with T2DM based on
the OGTT would not have been detected without this test and the corresponding proportion for
IGT patients would have been 70%. In total, OGTT-diagnosed patients with dysglycaemia
amounted to 41.1% of the screened population.

Newly Newly
detected detected
T2DM FPG dysglycaemia
=7 mmol/L ysgly
FPG
27 mmol/L
7.2%
36.4% 14.6%
— 0.5%
S 2.3%
14.2% o Ny
1% W oo
6.3% (48 mmol/mol)
9.3% HbA1c 2h-PG
. 2%
. 2h-PG 30% 26.5% 27.8 mmol/L
211.1 mmol/L (48 mmol/mol)

Figure 12. On the left, proportions of patients with newly detected type 2 diabetes who were identified with
different screening methods, i.e. with FPG > 7 mmol/L and/or 2hPG > 11.1 mmol/L and/or HbAlc > 6.5% (48
mmol/mol). On the right, proportions of patients with newly detected dysglycaemia who were identified with
different screening methods, i.e. with FPG > 7mmol/L and/or 2hPG > 7.8 mmol/L and/or HbAlc > 6.5% (48
mmol/mol).

2hPG: two-hour postload glucose; FPG: fasting plasma glucose; HbAlc: glycated haemoglobin Alc; T2DM: type
2 diabetes mellitus.

The distribution of different glycaemic categories within the present population of patients with
established CAD showed that the presence of dysglycaemia almost doubled from the self-
reported proportion of 30% to the actual proportion of 59% following guideline recommended
screening (Figure 13). Indeed, 12% of the subjects were diagnosed with diabetes (men 75%;
women 25%) and 19% with IGT (men 71%; women 29%) while 41% were free from
dysglycaemia (IFG 9%; normal glucose metabolism 32%; overall proportions of
normoglycaemia men 77%; women 23%).
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Newly detected T2DM

Previously known
diabetes
12%
Newly detected IGT
30%

17%

9%

32%
IFG

Normoglycaemia

Figure 13. The actual distribution of glucose perturbations in the study population.
IFG: impaired fasting glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes mellitus.

4.2.2 Gender differences in screening for dysglycaemic patients (Study II)

The proportions of women and men with unknown glycaemic state identified as dysglycaemic
based on screening by means of FPG, 2hPG and HbAlc are shown in Figure 14. The
proportion of IGT was significantly higher among women than men (17% vs. 15%; p=0.015)
while IFG was less common in women than men (p < 0.0001). Slightly more men had a newly
diagnosed T2DM (women 13% vs. men 15%; p=0.020).

Men Women
FPG FPG
> 7 mmol/L > 7 mmol/L
7.6%
124%
18%
187%
0.1%
03% 45%
44% 15%
17%
59.9% 26% SO s
3 HbAlc=6.5% HbAlc=6.5%
(48 mmol/mol) (48 mmol/mol)
2b-PG 2b-PG
= 7.8 mmol/L > 7.8 mmol/L

Figure 14. Proportions and their overlap between screening with different methods [FPG > 7 mmol/L, 2hPG
mmol/L > 7.8 mmol/L, HbAlc > 6.5% (48 mmol/mol)] and their combinations in men and women with newly
detected dysglycaemia.

2hPG: two-hour postload glucose; FPG fasting plasma glucose; HbAlc: glycated haemoglobin Alc.
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In the study population with known glycaemic state, a similar proportion of women (22%) and
men (24%; p=0.55 after age adjustment) were normoglycaemic. Screening for dysglycaemia
based on FPG, 2hPG and HbA ¢ values, alone or combined, showed that more dysglycaemic
women (67%) than men (60%; p < 0.0001) would have remained undetected without the 2hPG
value (Figure 15). Only 5% of women and 4% of men were identified as dysglycaemic by each
of the three tests.

Men Women

Previously known
14.6% 13.4% diabetes

Normoglycaemia
34.5% 39.1%
. o

15.1% 17.2% IFG

Newly detected IGT
12.0% 8.5%

23.8% 21.8% Newly detected T2DM

Figure 15. The distribution of glycaemic state divided by gender in the study population.
IFG: impaired fasting glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes mellitus.

4.3 New methods for identifying dysglycaemia in patients with established
CAD

4.3.1 Validation of a screening algorithm including 1hPG (Study III)

The receiver operating characteristic (ROC) curve of 1hPG with different thresholds is shown
in Figure 16. Sensitivity and specificity for 1hPG using the threshold of 12 mmol/L, the one
described in a previous report on patients with CAD (195) and validated in this study, gave
76% sensitivity and 84% specificity, with a positive predictive value of 36% and a negative
predictive value of 97%. In the present cohort, the optimal balance between sensitivity and
specificity according to Youden’s J statistic was identified as 11 mmol/L with a sensitivity of
88% and specificity of 74%, while the positive and negative predictive values were 28% and
98%, respectively. The area under the curve (AUC) was 0.89 (95% CI 0.86-0.92).
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Figure 16. Receiver operating characteristic (ROC) curve testing the diagnostic performance of one-hour plasma
glucose values in diagnosing diabetes in our study population. The optimal threshold was obtained by the

maximum Youden’s J statistic.

A total of 96 patients (10%) fulfilled the diagnostic criteria for T2DM according to a 2hPG >
11.1 mmol/L. Using this definition, in the group of patients with FPG < 6.5 mmol/L and 1hPG
<12, only 5 (1%) were misdiagnosed as not having T2DM (i.e., false negatives). Combining
an FPG > 8.0 mmol/L with a 1hPG > 15.0 mmol/L identified 100% of the patients with type 2

diabetes (Figure 17).

Study population
n=918

FPG <6.5 mmol/L and
1hPG <12 mmol/L
n=488

Diabetes

n=5
(1%)

Remaining patients
n=420

v
Diabetes
n=81
(19%)

FPG >8.0 mmol/L and
1hPG >15 mmol/L
n=10

Diabetes
n=10
(100%)

Figure 17. Patients diagnosed with diabetes according to a 2hPG > 11.1 mmol/L (in yellow) in subgroups

classified based on FPG and 1hPG.

2hPG: two-hour plasma glucose; FPG: fasting plasma glucose; 1hPG: one-hour plasma glucose.

The proposed screening algorithm for dysglycaemia, based on the previous report (195) and
validated in the present study, is presented in Figure 18.
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FPG >7.0 mmol/L and/or
HbA,.>6.5%
DIABETES
n=162 (18%)

FPG <6.5 mmol/L and

FPG aqd HbA,, | 1hPG <12 mmol/L
aveillable NO DIABETES
n=918 n =560 (61%)

FPG < 7.0 mmol/L and 2hPG <11 mmol/L
] HbA,, < 6.5% 1hPG —* NO DIABETES
n=163 (18%)
FPG >6.5 mmol/L and/or
> 1hPG >12 mmol/L m 2hPG
n=196 (21%)
2hPG >11 mmol/L

— DIABETES
n =33 (4%)

0 min 60 min 120 min
18% patients classified 79% patients classified 100% patients classified

Figure 18. Proposed clinical algorithm with 1hPG for assessing glucometabolic status.

FPG = fasting plasma glucose; HbA1c = glycated haemoglobin; 1hPG = 1-hour plasma glucose; 2hPG = 2-hour
plasma glucose.

According to this algorithm 18% of the patients (n=162) were identified as having T2DM
already by FPG or HbAlc, leaving 82% (n = 756) to be investigated with an OGTT. The
combination of an FPG below 6.5 mmol/L and a 1hPG value < 12 mmol/L excludes type 2
diabetes in 74% of patients undergoing OGTT (n = 560). The remaining 21% (n = 196) needed
a 2hPG to be correctly classified. This means that, among the present 723 patients without
T2DM, only one out of five patients are in demand of a full two-hour long OGTT for correct
classification.

4.3.2. Screening for dysglycaemia by means of measures of insulin resistance (Study V)

The optimal thresholds identified by the ROC analyses for different glycaemic parameters are
shown in Table 9, for both T2DM (2hPG value > 11 mmol/L) and dysglycaemia (IGT or
T2DM, 2hPG value > 7.8 mmol/L). Table 9 also reports the diagnostic performances of
HOMA-IR, HOMA2-ins, HOMA2-Cpep, fasting serum insulin, and fasting serum C-peptide
for patients with newly detected T2DM according to a 2hPG value > 11.1 mmol/L and with
newly detected dysglycaemia (IGT and T2DM), identified by a 2hPG value > 7.8 mmol/L.

Table 9 depicts the diagnostic performance of some measures of insulin resistance and insulin
secretion. As can be seen, the optimal thresholds corresponded to slightly elevated insulin
resistance (HOMA-IR) and slightly elevated C-peptide levels, with no major differences
between T2DM and dysglycaemia. The diagnostic performance was generally quite low, with
for example sensitivity around 68% and specificity around 57% for HOMA-IR in patients with
newly diagnosed T2DM. HOMA indexes were slightly, however, not significantly worse than
FPG or HbAlc (data not shown) for detecting dysglycaemia. There were no differences in the
diagnostic performance of HOMA indexes neither between men and women nor in participants
above and below the age of 65 years.
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Table 9. Diagnostic performance for T2DM (according to 2hPG value > 11.1 mmol/L) and dysglycaemia
(according to 2hPG value > 7.8 mmol/L) of the optimal thresholds of different glycaemic parameters obtained by
Youden’s J statistic on receiver operator characteristics curves.

| Threshold | Sensitivity (%) | Specificity (%) | AUC
Patients with newly detected type 2 diabetes (N=581)
HOMA-IR 2.73 68.0 57.2 0.66
HOMA2-ins 1.32 65.0 51.8 0.61
HOMAZ2-Cpep 1.69 65.6 59.3 0.64
Fasting serum insulin (WU/mL) 7.9 79.2 35.2 0.59
Fasting serum C-peptide (nmol/L) 0.74 61.7 60.4 0.62
Patients with newly detected dysglycaemia (N=1,439)
HOMA-IR 2.81 54.9 64.1 0.62
HOMA2-ins 1.32 58.2 553 0.59
HOMA2-Cpep 1.44 67.6 49.7 0.61
Fasting serum insulin (WU/mL) 7.9 50.3 61.7 0.57
Fasting serum C-peptide (nmol/L) 0.63 65.6 49.8 0.59

HOMA: homeostasis model assessment; HOMAZ2-ins: homeostasis model assessment 2 based on insulin;
HOMAZ2-Cpep: homeostasis model assessment based on C-peptide; 2hPG: two-hour postload glucose; AUC: area
under the curve.

The associations between 2hPG and the other parameters in the total sample were weak
(Spearman correlation coefficients: 0.15 for fasting insulin, 0.19 for C-peptide, 0.24 for
HOMA-IR, 0.18 for HOMAZ2-ins and 0.22 for HOMA2-Cpep).

HOMA-IR, HOMAZ2-ins and C-peptide were strongly correlated with BMI (Spearman
correlation coefficient: 0.47 for all three parameters) and waist circumference (Spearman
correlation coefficient: 0.43, 0.44 and 0.44 respectively). In contrast FPG, 2hPG and HbAlc
did not have any strong correlation with either BMI (Spearman correlation coefficients: 0.14,

0.15 and 0.21 respectively) or waist circumference (Spearman correlation coefficients:
0.16, 0.15 and 0.19 respectively).

4.4 Treatment target attainment
4.4.1 Treatment target attainment in patients with coronary artery disease (Study I)

Anthropometrics and lifestyle

Overweight or obesity was most common in patients with known diabetes (89%) while
smoking was less prevalent among them patients (16%) compared to those who were
normoglycaemic (21%). Approximately two thirds of the patients did not practice physical
activity for at least 150 minutes/week of moderate intensity activity, a proportion that was
higher among patients with known diabetes (72%).

Risk factor management

Forty-nine percent of the normoglycaemic patients, 53% of those with newly diagnosed
dysglycaemia and 58% of the patients with previously known diabetes were taking a
combination of all four cardioprotective drug classes at the time of the interview (p < 0.0001
after adjustment for age and gender). The proportion of patients with no dysglycaemia, newly
diagnosed dysglycaemia and known diabetes prescribed each different cardioprotective drug is
shown in Figure 19.
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Figure 19. Proportion of patients with no dysglycaemia, newly diagnosed dysglycaemia and previously known
diabetes prescribed the different cardioprotective drug class and their combination.

ASA: acetylsalicylic acid; RAAS: renin-angiotensin-aldosterone system.

The proportions of patients in the three glucose categories reaching different blood pressure,
(< 130/80, < 140/90, < 150/100 mmHg) and LDL-C (< 1.8, <2.5, < 3.0, > 3.0 mmol/L) targets
are presented in Figures 20 A and B. Figure 20 C presents the glycaemic levels reached in
patients with known diabetes (< 6, <7, <8, <9, > 9% corresponding to <42, <53, <64,<75
and > 75 mmol/mol).
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Figure 20. Proportion of patients reaching different A: blood pressure and B: LDL-C targets in the total cohort,
and C: HbA Ic targets in patients with known diabetes

Fifty seven percent of the patients with established diabetes had been provided with lifestyle
and dietary advice. Seventy-five percent of them were on glucose-lowering therapy, whereof
metformin was the most common (60%), followed by insulin (30%), sulphonylureas (19%)
and incretins (11%: DPP-4 inhibitors 10% and GLP-1 RA 1%) and SGLT2i, glitazones,
glinides and alpha-glucose oxidase inhibitors 1% each.
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Level of care

In the EUROASPIRE V cohort, 78% reported to be under the care of a cardiologist, 57% of a
general practitioner, 11% of a diabetologist/endocrinologist and 4% of a specialist cardiac
nurse. Self-monitoring of plasma glucose was practiced by 73% of patients with previously
known diabetes (insulin users 89% vs. others 67%). A total of 31% patients with known
diabetes had been advised to attend a diabetes school or another diabetes educational program,
but only 24% had taken active part in such education.

Diabetes-related complications
The prevalence of different diabetes-related complications among patients with previously
known diabetes was retinopathy 19%, renal involvement 10% and neuropathy 19%.

4.4.2 Gender differences in treatment target attainment and outcomes of dysglycaemic
patients (Study II)

Lifestyle and quality of life

Less women than men had been advised on and increased their physical activity (Table 10).
Significantly less women than men attended a cardiac prevention and rehabilitation programme
in both glycaemic categories, but there was no gender difference in the attendance at a Diabetes
Educational Programme in patients with previously known T2DM. The scores expressing
quality of life, i.e., EuroQoL 5D and HeartQoL, were significantly lower in women than men.
Women in both glycaemic categories, previously known diabetes and newly detected
respectively, were prescribed significantly more antidepressant/antianxiety drugs than men.

Pharmacological treatment

The proportion of patients taking each of four cardioprotective drug classes and their
combination did not differ according to gender in the two glycaemic categories, except for
RAAS blockers, that were prescribed less frequently to women than men with newly detected
dysglycaemia (73% vs. 76%; p=0.046), and lipid-lowering therapy, which was taken less often
to women than men with previously known T2DM (84% vs. 88%; p=0.00046) (Table 10). The
combination of all four cardioprotective drugs was taken by less than 60% of patients, without
any difference between genders. Compared with men, women with known T2DM were more
frequently prescribed insulin (33% vs. 25%; p<0.0001) while less women than men used
metformin (53% vs. 59%; p<0.0001).
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Target attainment

The proportion of men and women reaching different blood pressure and LDL-C targets is
shown in Figure 21. Among patients with previously known T2DM more women than men
had a blood pressure > 150/100 mmHg (28% vs. 24%; p < 0.0034) and an LDL-C > 3.0 mmol/L
(24% vs. 16%; p < 0.0001). Moreover, they achieved an LDL-C level < 1.8 mmol/L in a
significantly lower proportion (26%; vs. men 36%; p <0.0001). A similar pattern was observed
in patients with newly diagnosed dysglycaemia with women having a higher proportion of
LDL-C > 3.0 mmol/L and a lower proportion of LDL-C < 1.8 mmol/L.
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Figure 21. Proportion of patients with previously known diabetes and newly detected dysglycaemia reaching
different blood pressure (A) and LDL-C (B) targets in the total cohort.

LDL-C: low-density lipoprotein cholesterol.

Diabetes-related microvascular complications

Microvascular complications were significantly more common in women than men with
previously known T2DM: retinopathy (25% vs. 16%; p < 0.0001), renal involvement (5% vs.
3%; p=0.03) and neuropathy (24% vs. 15%; p < 0.0001).

Outcomes

The median follow-up time was 1.7 years during which 23,703 person-years were observed.
The number of primary events (the first of cardiovascular death or hospitalisation for non-fatal
myocardial infarction, stroke, heart failure or revascularization) were 105 in women and 340
in men with newly detected dysglycaemia. The corresponding numbers in patients with known
T2DM were 233 and 500, respectively. A detailed description of the events is given in Table
11.

The age-adjusted incidence of the primary endpoint was significantly higher in women than in
men with known T2DM (125 vs. 101/1,000 person-years) with a HR (95% CI; p-value) of
women vs. men of 1.22 (1.04 — 1.43; p=0.015). There was no significant gender difference in
the age-adjusted incidence of the endpoint in patients with newly detected dysglycaemia
(women vs. men: incidence 65.9 vs. 75.4/1,000 person-years), with a HR of 0.86 (95% CI 0.69
—1.08; p=0.19).
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Table 11. Number of primary events in participants with newly detected dysglycaemia and with previously
known diabetes by gender in EUROASPIRE IV and V.

Previously known diabetes Newly detected dysglycaemia
e v Men Women Men Women
N=3,188 N=1,222 N=2,812 N=980
Primary composite 500 233 340 105
Fatal CVD 50 20 30 7
PCI 212 81 169 44
CABG 34 15 14 4
Acute MI 85 40 59 14
Stroke 70 31 45 11
Heart failure 150 90 86 37

CABG: coronary artery bypass grafting; CVD: cardiovascular disease; MI: myocardial infarction; PCI:
percutaneous coronary intervention.

4.5 Cardioprotection with a GLP1-RA by baseline metformin (Study V)

During a median follow-up of 5.4 years (interquartile range 5.1-5.9), the primary outcome
occurred in 976 (12%) participants with baseline metformin and 281 (15%) without metformin.
As depicted in Table 12, dulaglutide reduced the risk of the primary endpoint (MACE) with
an HR of 0.88 (95% CI 0.79 — 0.99) in the entire REWIND cohort. The impact was similar in
participants with and without baseline metformin (p-value for interaction = 0.26). Likewise,
the effect on microvascular endpoints was similar irrespective of baseline metformin (p-value
for interaction = 0.12), as well as for all-cause death (interaction p = 0.81) and heart failure
(interaction p = 0.85).

Additional analyses confirmed the absence of any interaction between baseline metformin use
and the effect of dulaglutide on the individual MACE components and between sub-groups
defined by type of glucose lowering therapy and dulaglutide (p-value for interaction = 0.53).
Moreover, post-randomization use of metformin did not influence the effect of dulaglutide on
the study outcomes.

Individuals who were taking metformin at baseline differed from those not on metformin in
several ways (Table 8): they were younger, less likely to be women and have a previous
cardiovascular event, with better renal function. The effect of dulaglutide in the presence and
absence of metformin was therefore assessed after accounting for the independent determinants
of metformin use as listed above. The absence of any significant interaction (all interaction p-
values > 0.1) provides no support for any differential effect of dulaglutide according to baseline
metformin use (Figure 22). There was no significant difference in the effect of dulaglutide on
the primary outcome in patients with or without metformin at baseline: adjusted HR 0.92 (95%
CI0.81-1.05) vs. 0.78 (95% CI 0.61-0.99) respectively; p-value for interaction was 0.18.
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The risk for the microvascular endpoint, all-cause death and heart failure was similar in patients
treated with dulaglutide irrespective of use of baseline metformin both before and after
adjusting for the independent determinants of metformin use (all p for interaction > 0.1).

Table 12. Number, proportions and annual incidence of events for each outcome in the total cohort and in the
dulaglutide and placebo groups respectively, in patients with and without metformin at baseline.

. HR p-
Dulaglutide Placebo (95% CI) | value*
T‘;al N(%) | %lyear T‘l’\}al N (%) | %lyear
0.88
MACE 4,949 | 594 (12.0) 2.35 4952 663 (13.4) 2.66 (0.79-0.99) 0.26
. 0.91
Metformin 4,022 | 470(11.7) 2.28 4015 506 (12.6) 2.49 (0.81-1.04)
] 0.78
No Metformin 927 124 (13.4) 2.67 937 157 (16.8) 3.40 (0.62-0.99)
) 0.87
Microvascular | 4,949 | 910 (18.4) 3.76 4952 | 1,019 (20.6) 4.31 (0.80-0.95) 0.12
. 0.84
Metformin 4,022 | 734 (18.3) 3.72 4015 847 (21.1) 4.40 (0.76-0.93)
] 1.01
No Metformin 927 176 (19.0) 3.97 937 172 (18.4) 3.90 (0.82-1.25)
All-Cause 0.90
ey 4,949 | 536 (10.8) 2.06 4952 592 (12.0) 2.29 (0.80-1.01) 0.81
) 0.90
Metformin 4,022 | 413(10.3) 1.95 4,015 452 (11.3) 2.15 (0.79-1.03)
] 0.87
No Metformin 927 123 (13.3) 2.57 937 140 (14.9) 2.93 (0.69-1.11)
' 0.93
Heart Failure 4,949 | 213 (4.3) 0.83 4952 226 (4.6) 0.89 (0.77-1.12) 0.85
. 0.94
Metformin 4,022 162 (4.0) 0.77 4015 170 (4.2) 0.82 (0.76-1.17)
] 0.90
No Metformin | 927 51(5.5) 1.08 937 56 (6.0) 1.20 (0.62-1.32)

*Unadjusted p-value for interaction from Cox proportional hazards regression models.

CI: Confidence interval; HR: Hazard Ratio; MACE: Major Adverse Cardiovascular Events.
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Figure 22. Cardiovascular outcomes, microvascular outcome, all-cause death and heart failure in participants by
the use of metformin at baseline, following adjustment for the independent determinants of metformin use. The
size of each box is proportional to the number of events.

* Adjusted for: age, previous cardiovascular events and heart failure, diabetes duration, eGFR < 60 ml/min/1.73m?,
insulin use, thiazolidinedione use, body mass index, diastolic blood pressure, heart rate, low-density lipoprotein
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cholesterol, use of angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, use of statins.

HR: Hazard Ratio; MACE: Major Adverse Cardiovascular Events.

Kaplan-Meier curves for the primary outcome in people with and without baseline metformin

are shown in Figure 23A and B respectively.
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Figure 23. Kaplan-Meier curves showing the cumulative incidence of the primary outcome in participants with

baseline metformin (panel A) and without baseline metformin use (panel B).

HR: Hazard Ratio.
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5. Discussion
5.1 Screening for dysglycaemia in patients with established CAD

Guidelines advocating screening for glucose perturbations in patients with CVD have been
released by the ESC and partner societies since 2007 (56, 191, 196, 197). Considering this, the
finding in Study I that screening for dysglycaemia is still poorly performed in such patients
must be considered a great disappointment. When accurately tested, approximately 40% of all
patients without known diabetes were dysglycaemic, i.e. proportions similar to those originally
identified by the GAMI study (117) and confirmed in the Euro and China Heart Surveys (118,
119). In a recent meta-analysis by Laichuthai et al, the pooled prevalence of newly discovered
abnormal glucose tolerance (including IFG, IGT and HbA1c-based diagnosis) was 48% (95%
CI 40.2 — 56.6) in subjects after an acute myocardial infarction (198).

The EUROASPIRE surveys, conducted to determine guideline adherence in clinical practice,
offer a possibility to follow the development of screening for dysglycaemia in patients with
CVD over time. The time trends are unfortunately discouraging. In EUROASPIRE 1V,
performed 2012 — 2013, the proportion of patients with diabetes who were detected by
screening was 29% (199). EUROASPIRE V, conducted 2016 — 2017, was no exception as
regards screening for dysglycaemia, highlighting the persisting need for improvement (200).

The second pivotal finding of Study I is that 30% of patients with newly diagnosed T2DM and
40% with newly diagnosed IGT would have remained undetected without an OGTT, summing
up to a proportion for undetected dysglycaemia of about 70%. The identification of IGT should
not be overlooked considering its dismal prognostic implication as regards progress to diabetes
and incident cardiovascular events and the existing possibility of targeted interventions. The
latest International Diabetes Federation Atlas, issued in 2021, refers to IGT as a standalone
entity, acknowledging the evidence on preventive measures (30). In the Da Qing Study, the
effects of dietary modification, exercise, or both was compared with no intervention in high-
risk Chinese adults with IGT (201), resulting in reduced incidence of diabetes, retinopathy and
significant reductions in cardiovascular (41%) and all-cause (29%) death at the extended
follow-up after 23 years (91). The Finnish Diabetes Prevention Study, the Diabetes Prevention
Program, two Indian Diabetes Prevention Programme studies and two Japanese studies all
reported on a reduced risk of incident diabetes in adults with IGT who underwent lifestyle
modifications (89, 202-206). As regards pharmacological interventions, several trials have
established that thiazolidinediones prevent diabetes onset in people with IGT through
improvement of insulin sensitivity (46). A meta-analysis of randomized trials of metformin in
individuals with pre-diabetes (defined as “high-risk HbAlc”, IFG and/or IGT) showed that
metformin decreased the onset of diabetes compared with standard diet and exercise (207).
Currently, the ADA recommends metformin therapy for prevention of T2DM in adults with
prediabetes, “especially those aged 25-59 years with BMI > 35 kg/m?, higher FPG (e.g., >110
mg/dL), and higher HbAlc (e.g. > 6.0%), and in women with prior gestational diabetes
mellitus” (34).

To date, there are no trials that specifically assessed the effect of lifestyle vs. pharmacological
interventions on cardiovascular outcomes in IGT patients with or without CVD, as underlined
by Madsen et al other studies (207). However, the fact that IGT is an independent,
prognostically unfavorable condition is supported by multiple investigations. The long-term
follow-up of the GAMI study showed that the cardiovascular prognosis in post-myocardial
infarction patients with newly detected IGT is as unfavourable as among those with newly
detected T2DM (133). Abnormal 2hPG (either in the IGT or in the T2DM range) was a
predictor of incident cardiovascular events in a Japanese cohort of 275 patients with previous
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acute MI, either with established or previously unknown dysglycaemia (134). Similar findings
have been reported in the Silent Diabetes Study, comparing HbAlc with OGTT results in 1,015
patients without previously diagnosed diabetes who underwent coronary angiography: 2hPG
values related to CAD extent and subsequent mortality (137). Chattopadhyay et al. showed that
a 2hPG value was an independent predictor of mortality and recurrent non-fatal myocardial
infarction in patients with acute CAD without previously known diabetes even after adjusting
for variables constituting the Global Registry of Acute Coronary Events (GRACE) score (135).
In a cohort of 768 post-myocardial infarction patients from Yorkshire without known glucose
abnormalities, both newly diagnosed IGT and T2DM independently predicted the incidence of
cardiovascular death, non-fatal myocardial infarction, severe heart failure and non-
haemorrhagic stroke (136). A 2hPG > 7.8 mmol/L was an independent predictor of all-cause
mortality, nonfatal myocardial and or nonfatal stroke in 758 Chinese patients with established
CAD admitted for elective angiography due to angina whereas HbAlc carried no predictive
value (138). In EUROASPIRE 1V, 2hPG was superior to FPG and HbAlc in providing
prognostic information (139). These studies were included in a recent meta-analysis which
demonstrated an association between prediabetes and all-cause mortality as well as recurrent
MACE, cardiovascular death and hospitalization for heart failure in patients who had suffered
an acute myocardial infarction (198). This association was present whether prediabetes was
defined by 2hPG or based on HbAlc or FPG. A direct comparison of the prognostic ability of
the three methods was, however, not performed since patient-level data were not available.
Moreover, the results from EUROASPIRE IV, analysing almost 4,000 patients, were not
included by unknown reasons (139). The authors recommend using HbAlc during the
hospitalization, as it is not influenced by acute conditions, but underline that an OGTT should
follow because of its prognostic implication (198).

In Study I, a 2hPG identified more patients with dysglycaemia than FPG and/or HbAlc in
patients with established CAD, supporting the use of OGTT as the ideal screening method, in
particular since successful interventions are available for those identified as dysglycaemic.

Whether screening with an OGTT is superior to screening with HbA1c in terms of prognostic
capability in patients with CAD is a subject of controversy (123, 124). The low concordance
between these screening methods, in Study I as well as in other reports, suggests that they
mirror different pathophysiological processes of dysglycaemia (208, 209).

HbA 1c testing has some advantages compared to an OGTT: it does not require fasting or timed
samples, and it is not affected by recent changes in diet or physical activity (125, 210). A
concern is that common conditions such as anaemia, erythropoietin therapy, hemodialysis,
haemoglobinopathies, uremia, pregnancy, recent blood loss or transfusion, glucose-6-
phosphate dehydrogenase deficiency, and human immunodeficiency virus infection might
influence HbA 1¢ measurement (40). Moreover, the chronic use of aspirin causes haemoglobin
acetylation, possibly interfering with liquid chromatography and electrophoresis assays (211,
212). Even if this effect is deemed minimal, it may be of importance in people with CAD, being
prescribed aspirin for secondary prevention.

The prognostic value of HbAlc has been studied in unselected populations across the
cardiovascular risk spectrum. An increasing HbAlc was continuously and significantly
associated with CVD and all-cause mortality irrespective of the presence of known diabetes
and previous CVD in the Norfolk population study (126). In the Atherosclerosis Risk in
Communities (ARIC) study, HbAlc was a stronger predictor of incident diabetes than FPG,
and more strongly associated with the risk of CVD and all-cause death (127). Even other studies
reported on an association between HbAlc and cardiovascular outcomes in people without
known diabetes (128, 129). Data from the UK Biobank, including 357,833 participants without
baseline CVD or known diabetes, confirmed the association between increasing HbAlc and
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cardiovascular outcomes. HbAlc did, however, not improve CVD risk prediction in any
meaningful way when added to traditional risk factors (213).

A few studies have investigated whether HbAlc might be of prognostic value in coronary
patients without known diabetes, but most of them do not report a direct comparison with
OGTT-based screening. HbA 1¢ improved risk stratification for future cardiovascular events in
a Chinese study enrolling 549 patients with acute coronary syndromes undergoing
percutaneous revascularization (130). Moreover, HbAlc was associated with mortality in an
observational study including 4,176 patients without known diabetes admitted with ST-
segment-elevation myocardial infarction (131).

In a Swedish study including 841 patients with a recent acute myocardial infarction and no
known history of diabetes, HbAlc in the prediabetes range (= 5.7% — 39 mmol/mol) was
superior to all other screening tools, including a 2hPG, in predicting the composite of a first of
myocardial infarction, heart failure, ischaemic stroke or mortality (132). These results are in
conflict with the aforementioned reports by Shahim et al and Chen et al (138, 139). The validity
of the study by Karayiannides et al (132) is, however, limited by the fact that patients with
newly detected T2DM by the OGTT were immediately instructed on lifestyle modifications
and were referred for further management. The implication is that these patients, compared
with those with prediabetes according to the HbA 1c criterion, were more likely to be promptly
subjected to an efficient secondary prevention and weakening the association with outcomes
(132). These discrepant findings highlight that further studies are needed to specifically assess
the relative prognostic power of these different screening tools (209). If HbAlc had been the
sole screening tool in Study I, only 19% of patients with unknown T2DM and 9% with
unknown dysglycaemia would have been detected. These proportion must be considered
unsatisfactory for the purpose of offering these patients appropriate care.

In summary, presently available data support the use of OGTT as the preferred screening test
for dysglycaemia in the high-risk population of patients with CAD and unknown glycaemic
status. Performing an OGTT might not be sustainable and practical for some healthcare
systems, and HbA 1c should continue to be the preferred test when assessing glycaemic control.
Nonetheless, performing an OGTT might allow to put in practice preventive measures,
avoiding subsequent deterioration of the dysglycaemic state and hopefully even cardiovascular
events. The latter possibility needs further testing in clinical trials, and there is also a demand
of further head-to-head comparisons between the predictive value of 2hPG and HbAlc and
possibly phenotyping patients who might benefit from one test or the other.

5.2 Gender differences in screening

Screening CAD patients with unknown glycaemic status revealed that more dysglycaemic
women than men would have remained undetected without the use of an OGTT because
significantly more women than men had an IGT, while IFG and known T2DM was more
frequent in men (Study II).

The present findings are in line with previous reports from general populations (214-216). As
outlined in the introduction, the pathophysiology behind IFG and IGT differs. Insulin
sensitivity in the skeletal muscle and late-phase insulin secretion is more compromised in IGT,
while there is a greater contribution of increased hepatic glucose production and compromised
early insulin secretion in IFG (37). It has been suggested that the most important factor causing
increased post-load plasma glucose levels is impaired peripheral insulin sensitivity, rather than
a defect in insulin secretion (217). Females in general accumulate visceral fat and increase in
BMI to a greater extent than males after menopause, contributing to increased insulin resistance
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(218, 219). This is consistent with our finding that the proportions of obesity, central obesity
and a higher BMI were more frequent in women.

In conclusion, screening with an OGTT seems to be particularly important in women with
CAD, aiming at detecting IGT and setting up preventive measures and structured follow-up,
given their already very high cardiovascular risk.

5.3 Validation of a screening algorithm including 1hPG

Among the reasons for the inertia to screen for glucose perturbations by means of a standard
two-hour OGTT in patients with CVD is that it is considered time-consuming (123). One way
to overcome this obstacle would be to shorten the OGTT by looking at the diagnostic features
of postload glucose values obtained earlier than two hours.

Population-based investigations have proposed values of 1hPG during an OGTT that correctly
identify individuals at high risk of progression to T2DM (48-50). Moreover, several other
reports in the general population indicate that elevated 1hPG is more strongly correlated with
features of the metabolic syndrome and high cardiovascular risk than FPG, HbAlc and 2hPG
(220-226). As regards the association with CVD, 1hPG values above 8.6 mmol/L were
associated with a higher risk of myocardial infarction and fatal ischemic heart disease in a
cohort from the Malmo Preventive Project (227). Cao et al. investigated 1hPG in 266
individuals with CAD and normal glucose levels, who underwent coronary angiography.
People with a ThPG > 8.6 mmol/L had a higher incidence of multivessel disease and risk of
hospital re-admission within one year (228). In 109 patients with an acute coronary syndrome
and normal FPG and HbA 1c, those with both 1hPG > 8.6 mmol/L and a 2hPG > 7.8 mmol/L
had a more severe myocardial injury and a longer hospitalization (229).

To date, there are no thresholds for the detection of diabetes by means of 1hPG values in
patients with CVD. In a previous report from our group based on the EUROASPIRE IV cohort,
a new screening algorithm, based on a 1hPG threshold of 12 mmol/L, was proposed for patients
with CAD decreasing the need for a two-hour OGTT by 71% (195). This algorithm was,
however, in need of further validation before clinical application. Therefore, the opportunity
for such validation in EUROASPIRE V was caught. Compared with the yield of a two-hour
OGTT, the suggested threshold had a sensitivity of 76% and a specificity of 84%, with a
positive and negative predictive value of 36% and 97% respectively. Only 18% of the patient
cohort were correctly identified as having diabetes by HbAlc and FPG, and the 1hPG
contributed by diagnosing an additional 61%. In practical terms, the good negative predictive
value translated into a possibility of correctly identifying 79% of patients with diabetes
according to the standard 2hPG definition (Study III).

In a recent meta-analysis, Ahuja et al (53) suggest an 1hPG > 11.6 mmol/L as the optimal value
for detection of T2DM by means of a 1hPG, with reference to a 2hPG > 11.1 mmol/L as the
gold standard. This level is indeed quite close to the one validated in Study III. Of notice, in
our cohort, the optimal balance between sensitivity and specificity according to Youden’s J
statistic was identified at 11 mmol/L (AUC 0.89), suggesting that the most reliable value for
screening lies between 11 and 12 mmol/L. This is in full accordance with the value of 11.6
mmol/L found in the meta-analysis, confirming that it is applicable to patients with established
CVD.

In conclusion, Study III confirms that screening for T2DM in coronary patients by means of
an algorithm combining FPG and 1hPG limits the demand of a two-hour OGTT in
approximately three out of four patients.
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5.4 Screening for dysglycaemia by means of insulin resistance

Using indexes of insulin resistance to screen for dysglycaemia in CAD patients, determined
with a single blood sample and not requiring an OGTT, could potentially overcome several of
the problems highlighted with this test. Moreover, insulin resistance can be targeted with
lifestyle measures and, potentially, with pharmacological therapy. In light of the IRIS trial (93,
94) the ADA included a recommendation to consider pioglitazone to lower the risk of
myocardial infarction and stroke in people with a history of stroke and evidence of insulin
resistance and prediabetes in the 2023 Standards of Care in Diabetes (121).

HOMA indexes, fasting insulin and fasting C-peptide did, however, not provide a useful
diagnostic capacity for dysglycaemia and diabetes as diagnosed by 2hPG criteria (Study IV).
A likely reason is that HOMA indexes mainly mirror hepatic insulin resistance, which
primarily characterizes IFG, but not IGT (230, 231). In other words, characterization of insulin
resistance by HOMA indexes might discriminate IFG but does not align with abnormal 2hPG
levels, as the latter mostly reflects deficient second-phase insulin release and muscle insulin
resistance (37). In Study IV, HOMA indexes were not investigated in people with IFG and a
combined glucose intolerance (i.e., IFG and IGT), as the specific goal was to find an alternative
to OGTT when aiming at identifying dysglycaemia (i.e., IGT and T2DM).

The use of HOMA indexes as screening and prognostic tools has been investigated in previous
studies in diverse cohorts, different settings, and with conflicting results. In a cohort of
Taiwanese participants without previous CVD the HOMA-IR index correlated significantly
with several cardiovascular risk factors and with the Framingham risk score (232). In the
Verona Diabetes Complications study, including patients with T2DM, HOMA-IR was an
independent predictor of both prevalent and incident CVD (106). Moreover, HOMA-IR was
associated with incident fatal and nonfatal myocardial infarction and stroke, transient ischemic
attack, and revascularization procedures in the unselected population of another Italian study
(233). One Japanese study exploring insulin resistance in subjects with CAD normal glucose
tolerance, previously screened with an OGTT, found that fasting hyperinsulinemia and
HOMA-IR were associated with subsequent cardiovascular events (234). A Swedish study
found an association between HOMA-IR and CVD in sedentary men (235). In a meta-analysis
by Gast and colleagues, including only patients without diabetes an increase of one standard
deviation in HOMA was associated with an increased relative risk of CVD (236). In contrast a
HOMA insulin sensitivity index was not associated with all-cause mortality and only modestly
with CVD events in the Australian Diabetes, Obesity and Lifestyle Study, (237). Likewise,
HOMA-IR did not predict incident CVD in 2,898 people without diabetes or CVD in the
Framingham Offspring study (238). The divergent results may of course relate to differences
in patient populations and study designs.

It must be concluded that robust evidence on this matter is still lacking, mainly due to small
study with short follow-up and relatively few events. Further studies on well-defined and
adequately sized populations are warranted to explore whether HOMA indexes, in one form or
another, may be used as sensitive screening tools carrying prognostic information in patients
with established CVD.
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5.5 Multifactorial management

Contemporary international guidelines strongly underline that patient with T2DM should be
offered a multifactorial management (56, 122). Nevertheless, the burden of cardiovascular
events and deaths in patients with T2DM remains significantly higher than in the general
population (239). A key reason is that the recommended multifactorial management is not
sufficiently implemented in clinical practice, as depicted by the EUROASPIRE surveys,
focusing on secondary cardiovascular prevention over the last twenty years (240). Treatment
target attainment related to life-style risk factors and pharmacological management in patients
with CAD and dysglycaemia in the most recent EUROASPIRE V survey (2016 —2017) was
poor (Study I). The proportion of overweight or obesity was approximately 80% regardless of
glycaemic status, reaching almost 90% in patients with known diabetes. Moreover, half of
patients with obesity did not attempt to lose weight, and a significant proportion of them had
not received any advice on weight loss by diet or physical activity. Most of the patients did not
perform or plan to engage in physical activity. Approximately half of the patients were
persistent smokers, meaning that they were smokers before the index acute coronary event.
LDL-C and blood pressure levels reached by patients included was equally discouraging,
especially considering that, according to the most recent guidelines, targets are even stricter,
i.e., 1.4 mmol/L for LDL-C and 130/80 mmHg for blood pressure (56). Among patients with
known diabetes, only a small minority were taking cardioprotective glucose-lowering drugs.
This is somehow more understandable considering that cardiovascular benefit of SGLT2i and
GLP-1 RA was first established in 2015.

A multifactorial, target-driven approach reduces cardiovascular morbidity and mortality in
people with DM, as first indicated by the observational Euro Heart Survey, subsequently
proven by the randomized STENO 2 trial and confirmed in the Swedish Diabetes Registry
(141, 241-243). Patients with diabetes at target for HbAlc, LDL-C and blood pressure had a
62% lower risk of subsequent CVD events over 11 years of follow-up in a pooled project
including three prospective cohort studies (244). In patients with diabetes and CAD enrolled
in the Bypass Angioplasty Investigation Revascularization 2 Diabetes (BARI 2D) trial, the
number of risk factors at target was inversely related to cardiovascular events and survival
(245). In the Trial Evaluating Cardiovascular Outcomes with sitagliptin (TECOS), including
patients with diabetes and CVD, the presence of five secondary prevention measures (aspirin
use, lipid control, blood control, angiotensin-converting enzyme inhibitor/angiotensin II
receptor blocker use and non-smoking status) was associated with a 40% lower risk of
subsequent cardiovascular events compared with presence of two or fewer measures (246).

Our results are similar to those reported in the STabilization of Atherosclerotic plaque By
Initiation of darapLadlb TherapY (STABILITY) trial, including patients with a previous
coronary event (247). The achievement of recommended targets was low, despite STABILITY
being a randomised controlled trial with a presumably even more selected population.
Comprehensive data from the US Diabetes Collaborative Registry reported on treatment target
attainment in 74,393 American patients with diabetes, of whom almost 70% with known
atherosclerotic cardiovascular disease (248). Compared with results of Study I, a higher
proportion reached treatment targets for HbAlc (78% vs. 55% < 7% - 53 mmol/mol), LDL-C
(42% vs 37% < 1.8 mmol/L) and blood pressure (70% vs. 55% < 140/90 mmHg). However,
only one in five patients reached all three recommended targets simultaneously (248).
Similarly, in a multicentre survey including 4,056 Chinese adults with diabetes, only 11% were
at goals for LDL-C, blood pressure and FPG (249). When including obesity status in the
treatment targets, the picture is even more discouraging, and in accordance with the present
results. In the US National Health and Nutrition Examination Survey (NHANES) only 7% of
patients with T2DM and known CVD were at target for HbAlc, blood pressure, LDL-C, and
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non-smoking status simultaneously. When a BMI < 30 kg/m? was included, only 3% were
optimally controlled (250).

Finally, comparing centres participating both in Study I and EUROASPIRE IV (146)
proportions of obese and overweight subjects was unchanged, and the low level of physical
activity increased. In addition, the proportion with an LDL-C <1.8 mmol/L was similar (48%),
and even if slightly more patients had a HbAlc < 7% - 53 mmol/mol (57% vs. 54%) and a
blood pressure <140/85 mmHg (27% vs. 37%) target attainment in these respects was only
marginally improved. Time trends in patient management is therefore clearly disappointing.
This is consistent with American data comparing NHANES 2013-2016 with NHANES 1999 —
2010, where no substantial improvement was found for isolated risk factors, and with a

composite target control of HbAlc, LDL-C, and blood pressure control even less satisfactory
(250, 251).

The reasons for the poor implementation of guideline recommended management are
reasonably varied. A prerequisite for success is of course a distribution of guideline-based
knowledge to those in charge of the patient group in focus. Professional societies are, with all
rights, keen on updating existing guidelines and issuing new ones, while investments in
distributing knowledge on their contents seem to be lower on their agenda (252). Moreover,
since different professional organisations are issuing their own guidelines, the number becomes
overwhelming with sometimes diverging information. The complexity and size may also
become burdensome. As an example, the most recent standards of medical care in diabetes
issued by the American Diabetes Association amounts to 17 chapters on 298 pages (253). Even
the abridged version for primary care is a dense, 28-pages document (254). Considering that
many of the actual group of patients are cared for in primary care and considering that those
working there are burdened by many other guidelines, it is easy to understand that this
educational task is substantial and complex (255). For the future, it would probably be helpful
with shared production of guidelines according to a standardized methodology, with a
simplified content and adapted to local standards (252).

The prescription of secondary prevention drugs is not sufficient since the dose and the
adherence significantly influences prognosis. For instance, in a description of dyslipidaemia
management in EUROASPIRE V, 88% of the whole population was on lipid-lowering
treatment, which can be considered satisfactory; however, only 59% of them were on high-
intensity regimens (256). To ascertain that patients are taking the drugs in the recommended
dose and that the necessary uptitration is being performed requires frequent and structured
visits.

Another concern is the involvement of several healthcare professionals, and that the
organisation of healthcare systems might not be appropriately structured. Patients in
EUROASPIRE V were, as described, followed by a diversity of health care professionals, and
only 24% had taken part in any type of diabetes school. This entails a risk for a somewhat
fragmented care, where different healthcare professionals trust the others to take the full
responsibility for a comprehensive management (12). Those who initiate the diagnostic and
therapeutic process in patients with CAD and diabetes, known and newly detected, must
ascertain that treatment targets and how they should be reached is transferred to those in charge
for the continued patient care, often primary care physicians, and likewise that patients are
informed on the contents of a holistic, target-driven management.

To motivate patients to adhere to a healthy lifestyle necessitates adequate communicative skills
and time during the outpatient visits to explain the implications. This presents various
challenges. First, sufficient knowledge in behavioural sciences to assure efficacious
communication is confined to minimal parts of educational programs, that mainly focus on
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strict medical aspects. In patients who suffered a coronary event, in whom the presence of
anxiety symptoms is substantial, lack of motivation and receptivity can be difficult to overcome
(257). Second, physicians usually have to squeeze physical examinations, administrative work,
and conversation with patients in a very limited time, making it virtually impossible to assess
all issues during a single encounter (255).

One may raise the question if it is possible to reach targets as outlined in guidelines or if they
are wishful dreams rather than realistic goals in daily care. One might argue that national
regulatory aspects and different healthcare structures limit guideline applicability. This does
not seem to be true. An example from EUROASPIRE V shows the heterogeneity of blood
pressure control in different centres within the same country (Figure 24). A similar picture has
been presented by the SWEDEHEART registry (258) It informs that it is the ambition among
those locally in charge of patient care that is probably of greatest importance for the therapeutic
outcome.

Several of the obstacles to the achievement of a satisfactory management may be overcome by
establishing a transprofessional team lead by the physician in charge and composed of nurses,
physiotherapists, psychologists and dietitians (259). Structured programs with clear treatment
goals including different healthcare providers have been successful (260). In the Randomized
Evaluation of Secondary Prevention by Outpatient Nurse Specialists 2 trial, comprehensive
lifestyle programmes (including weight reduction, physical activity, and smoking cessation) on
top of usual care were more effective than usual care only on meeting the targets (261). A
nurse-led, multidisciplinary hospital programme significantly improved diet and physical
activity levels in the EUROACTION trial (262). Another solution is to discuss guideline
content on a local level with all involved stakeholders, analysing cost-effectiveness, policies
and possible regulatory hinders (252).
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Figure 24. Age- and gender- adjusted prevalence of blood pressure >140/90 mmHg by centre with >30 patients
in EUROASPIRE V. A, B, C, D, E, F and G are centres within the same country. The average prevalence is 40%.

Source Rydén, Ferrannini and the EUROASPIRE team — data on file.
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In conclusion, there is a compelling need to improve the management of patients with
dysglycaemia and CAD. Just to update guidelines without investing in treatment
implementation, scheduled follow-up and multidisciplinary care is obviously insufficient.

5.2 Gender differences in multifactorial management, treatment target
achievement and prognosis

Risk factor control was generally worse in women than in men in EUROASPIRE IV and
EUROASPIRE V (Study II). This is in accordance with several previous reports. A German
population study reported that women with T2DM and CVD were more likely to have blood
pressure, LDL-C and HbA 1c above target compared with men (263), and similar findings were
reported from 8000 Croatian patients with T2DM (264). The SWEDEHEART registry has
consistently indicated that less women than men reach the blood pressure and LDL-C targets
one year after an acute myocardial infarction (265). A study on CAD patients (32% T2DM)
conducted in 11 countries reported that all lifestyle and pharmacological targets were achieved
by a significantly lower proportion of women than men (266). In contrast, such differences
were not reported in NHANES 2013 — 2016, where the only difference in the relatively small
subgroup of patients with established CVD was that women were less likely to take lipid-
lowering medications than men (250). In the US Diabetes Collaborative Registry, women were
less well managed as regards all risk factors compared with men (248). HbAlc in women with
previously known T2DM was higher than in men, despite glucose-lowering drugs being
prescribed in similar proportions, as reported in a large American study including 10,876 men
and 19,278 women patients and in a cross-sectional analysis of almost 4,000 individuals, where
one-third had established CAD (267, 268).

Regarding lifestyle-related factors women smoke less than men. The physical activity target
was reached by fewer women, and they attended cardiac prevention and rehabilitation
programs in lower proportions than men. Obesity was significantly more prevalent among
women than men, despite being advised on and having pursued weight loss in similarly low
proportions (Study II). A possible explanation is that the two genders have different
preferences, compliance and response to lifestyle management (269).

Quality of life indicators are all to the disadvantage of women, consistently with the fact that
they are more often prescribed antidepressants and antianxiety drugs than men (270).

Women with known T2DM in EUROASPIRE IV and V had a significantly poorer prognosis
than men (Study II). This is in accordance with recent nationwide studies (168, 271).
Moreover, they had significantly more microvascular complications, most likely reflecting
their less-than-optimal glycaemic control (272, 273). There was no difference in the association
with outcome between men and women with newly diagnosed dysglycaemia in Study II,
possibly indicating that there should be no difference between the two genders if they are
equally treated. In a cross-sectional report of 3,540 subjects with varying glucose tolerance
status, the relative risk of all-cause death, coronary events and stroke was not higher in women
vs. men with prediabetes (diagnosed according to either HbAlc or OGTT) (274).
Notwithstanding the important sex differences and underlying mechanisms, it is undeniable
that the worse prognosis in women is, at least in great part, attributable to poorer risk factor
control, which escalates to a greater extent as their glycaemic status worsens (275).

A reasonable conclusion is that special efforts should be put into managing cardiometabolic
risk in women by securing access to available preventive measures.
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5.6 Cardioprotection with a GLP-1 RA by baseline metformin

The effect of dulaglutide on cardiovascular and microvascular outcomes was similar in
participants irrespective of metformin treatment at baseline. This statement gains support by
the absence of an interaction between randomization to dulaglutide and metformin therapy at
baseline for the trial outcomes, after adjusting for confounders. Two consistency analyses
further strengthen this finding: the first stratifies the main analysis by baseline glucose-
lowering therapy (drug naive, those who received any glucose-lowering therapy except
metformin, and those taking metformin), and the second considering post-randomization
changes in metformin use (Study V).

This post-hoc analysis was performed to clarify one of the major guideline controversies at the
time, i.e. whether cardioprotective glucose-lowering drugs belonging to the classes of SGLT2i
and GLP-1 RA should be prescribed first-line glucose lowering therapy in people with T2DM
at high cardiovascular risk independently from the presence of metformin, or whether
metformin should be prioritized (56, 276). Metformin has been considered as the cornerstone
of T2DM therapeutic armamentarium, and it may have independent cardiovascular benefits
(23, 277-279).

The best evidence on the matter would be supported by a CVOT assessing the effect of
metformin vs. placebo on MACE in people with T2DM, but no such trial is available. In a 21-
year median follow-up of participants with IGT in the DPP trial and DPP Outcomes Study,
metformin was not associated with a reduced risk of MACE vs. placebo (280). A meta-analysis
of 35 randomized clinical trials comparing metformin to placebo and other glucose-lowering
medications showed that metformin significantly reduced MACE, peripheral artery disease,
and cardiovascular death vs. placebo, but not when compared to the other drugs (281).

No clear heterogeneity in the cardiovascular efficacy of the GLP-1 RA liraglutide in relation
to the background use of metformin was found in a post-hoc analysis of the Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial (282).
Similarly, albiglutide had similar beneficial effect in prespecified subgroups with and without
metformin in participants of the Albiglutide and cardiovascular outcomes in patients with type
2 diabetes and established CVD (Harmony Outcomes) (177). However, the latter report was
descriptive without any new modelling or adjustments for covariates. A post-hoc analysis of
the Exenatide Study of Cardiovascular Event Lowering (EXSCEL) trial found that the effect
estimates remained robust after adjusting for unbalanced use of other glucose-lowering drugs
between the exenatide and the placebo groups (283).

The 2023 ADA clinical practice recommendations now state that “people with T2DM with or
at high risk for atherosclerotic cardiovascular disease, heart failure, or chronic kidney disease
should be treated with a cardioprotective SGLT2i and/or GLP-1 RA as part of the
comprehensive approach to cardiovascular and kidney risk reduction. Importantly, these agents
should be included in the regimen of care irrespective of the need for additional glucose
lowering, and irrespective of metformin use” (122). Therefore, guideline recommendations
have been updated towards the direction supported by the findings in Study V.

5.7 Limitations
EUROASPIRE surveys

In Studies I to IV, formal geographical comparisons were not performed because of the
relatively low numbers in each country. Nevertheless, there did not seem to be any major
discrepancy in management regarding different European areas, as within-country differences
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were as apparent as those in between-countries. This supports the concept that treatment
implementation is widely needed.

The relatively low participation rate, 51%, should be considered as a limitation, because it
generates a selection bias. A contributing factor might have been different local restrictions as
regards contacting patients according to diverse application of the General Data Protection
Regulation rules. Besides, those unwilling to participate are usually sicker, with poorer risk
factor control, and live in worse socio-economic conditions. In addition, centres that choose to
participate in the surveys may be more motivated as regards detection and management of
cardiovascular risk. Taking these two possibilities into account, the overall pattern of screening
and management of the investigated patient population if anything may be overestimated,
which would leave a more complete picture of the present adherence to guideline
recommendations as even worse.

A potential limitation is that screening for dysglycaemia was only performed once, while
current guidelines recommend at least two positive results to confirm the diagnosis of T2DM
(33). However, the outcome of a single OGTT performed four to five days after an acute
coronary event classified dysglycaemic patients in way that strongly correlated with subsequent
tests three and 12 months later (284). Moreover, a single screening test identified patients with
a less favourable prognosis in previous studies (133, 139).

In Study II, the proportion of women (approximately 25%) was low, although the absolute
number was large (4,077 of whom 2,391 were dysglycaemic). However, this is a representative
gender distribution of CAD patients considering the given age restriction. Since it is virtually
impossible to randomise patients genderwise, longitudinal studies on large populations like
ours may be considered as providing a reasonably good level of evidence. Finally, gender was
defined as a binary variable (women/men), but gender diversity might include a broader
spectrum of identities which were not systematically investigated in our study.

In Study III, the algorithm based on FPG and 1hPG did not cover patients with IGT. There
were several reasons not to include IGT. Since the primary aim was to validate an existing
algorithm, the same selection criteria as in the discovery cohort were applied. Second, 1hPG is
not an official diagnostic criterion for glucose disturbances besides gestational diabetes
mellitus, and the validation should start from T2DM which is a well-recognised, high-risk
entity. Third, the pathophysiological mechanisms behind IGT might not be well represented by
1hPG.

REWIND

The results should be considered indicative rather than proof of evidence, since REWIND was
not specifically designed to assess differences between randomisation groups in relation to
baseline therapy. Still, the results are seemingly robust considering the possibility to account
for a great number of potential confounders. Another concern is that the study population is a
selected trial cohort, that may not be fully representative of a wider population of patients with
T2DM and high cardiovascular risk or established CVD. However, an analysis comparing the
key characteristics of participants of GLP-1 RAs CVOTs to a reference American population
who matched the enrolment criteria found that the REWIND population was most
representative (285). Lastly, the relatively small proportion of participants without metformin
at baseline could have decreased the power of this analysis.
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5.8 Future perspectives

This thesis leaves some questions open, paving the way for future research.
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The hope is that a higher proportion of patients without known dysglycaemia is
identified and offered optimal care. The EUROASPIRE VI survey will enrol patients
in 2023 and 2024, thus referring to standards of care recommended by the most recent
guidelines on diabetes and cardiovascular disease (56, 122).

Information is needed on the prognostic capability of the 1hPG, before it can be
recommended as a possibility to shorten the OGTT in a high proportion of patients. The
1hPG value assessment during a standard two-hour OGTT will be included in
EUROASPIRE VI and patients will be followed up to five years, offering an
opportunity to investigate this association.

The implementation of guideline-directed management of patients with diabetes and
cardiovascular disease is still a major necessity, and how this is conducted in countries
outside Europe and the US is still largely unknown. The INTERASPIRE survey,
enrolling patients from six different WHO regions, will provide a picture of
management of CAD patients in relation to different international and national
guidelines, and possibly highlight the variation in preventive cardiology practice across
countries (286).

Implementation of guideline-directed management may be improved by means of
technical support, including artificial intelligence integrated with medical records. Self-
monitoring by means of technological devices may also enhance achievement of
treatment targets and patients’ compliance.

The awareness on gender gaps in multiple fields has substantially increased in the last
five years, hopefully leading to better care of women. Gender discrepancies in
screening and management of coronary patients with dysglycaemia will be further
explored in EUROASPIRE VI.

New cardiovascular outcome trials on GLP-1 RA and SGLT2i have included patients
without diabetes, broadening the indications for these drugs (e.g., obesity and heart
failure). How this great popularity in clinical research has translated into real-world
care across different countries with diverse healthcare policies is largely unexplored,
and a comprehensive overview will be provided by EUROASPIRE VI results.



6. Conclusions

There is a compelling need to improve both screening and management of risk factors in
patients with dysglycaemia and coronary artery disease.

A standard oral glucose tolerance test should be preferred for screening, being able to detect
more patients with diabetes compared with the other screening tools and as the only to diagnose
impaired glucose tolerance. This condition confers a clearcut prognostic disadvantage and can
be targeted by lifestyle, and possibly pharmacological, measures that not only prevent further
cardiovascular events, but also hamper the progress towards diabetes.

The one-hour postload glucose value is a validated screening tool that should be incorporated
in international guidelines, considering large available evidence and because it limits the
demand of a two-hour oral glucose tolerance test. Efforts should be put in further evaluation of
its prognostic role, especially as regards future cardiovascular events.

Considerably more resources need to be invested in implementing guideline recommendations
as regards lifestyle and pharmacological interventions.

Screening for dysglycaemia in coronary artery disease is of special significance in women, who
more often have impaired glucose tolerance. Women also carry a higher burden of
cardiovascular risk factors and their glycaemic control is generally poorer than in men whether
they have known diabetes, because of less efficient control, which is ultimately leads to a more
dismal prognosis.

The cardioprotective effect of dulaglutide does not seem to be dependent on background
metformin therapy. Therefore, glucagon-like peptide-1 receptor agonists should be prioritised
as first-line treatment in patients with type 2 diabetes and high cardiovascular risk.
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