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1. Diagnosis of diabetes

Table S1 Conditions associated with reduced accuracy
of glycated haemoglobin for diabetes diagnosis and
management of glycaemia

1 HbA1c

Physiological and/or

Clinical relevance

non-modifiable conditions:

Age, ethnicity, haemoglobin

variants

Pathological and/or modifiable

conditions:

* Incorrect diagnosis of diabetes
(if only HbA1c is used)

* Over-treatment of high HbA1c
and precipitation of

hypoglycaemia

Iron-deficiency anaemia, folic acid

deficiency, chronic alcoholism

| HbA1c

Physiological and/or

Clinical relevance

non-modifiable conditions:

Pregnancy, haemoglobin variants

Pathological and/or modifiable

conditions:

Haemolytic anaemia or anaemia of

* Missing the diagnosis of diabetes
(if only HbA1c is used)

* Under-treatment of glycaemia,
putting individuals at risk of
diabetes complications

chronic disease, acute blood loss

(and transfusion), renal failure

1, raised; |, low; HbA1c, glycated haemoglobin.
Adapted from American Diabetes Association as well as Krha¢ and Lovren¢i¢."

© ESC 2023

1.1. Classifying diabetes

Table S2 Classification of diabetes

Type of diabetes Pathogenic
mechanisms and

clinical presentation

Type 1 diabetes Autoimmune
destruction of pancreatic
B-cells. Presentation is
usually in the younger age
group (although it can
occur at any age) with a
short history of osmotic
symptoms (polyuria,
polydipsia) and significant
weight loss. Diabetic
ketoacidosis may be the
first presentation

Type 2 diabetes Insulin resistance and
relative insulin deficiency,
with individuals usually
overweight or obese.
Presentation is in older
adults, although children
can be affected due to
the rising prevalence of
childhood obesity. Some
individuals have osmotic
symptoms but others can
be asymptomatic, with
diabetes diagnosed when
presenting with
cardiovascular
complications
Monogenic Various mutations in
diabetes genes involved in insulin
secretion and glucose
metabolism. Can present
with osmotic symptoms
or can be discovered
during routine testing. A
family history of diabetes
across several
generations (autosomal
dominant manner)
should raise suspicion of
this condition

Diagnostic aids

Positive antibodies
(GAD, IA-2, and
ZnT8), low C-peptide
levels

Diagnosis is usually
clinical.

Negative antibodies
and high normal or
raised C-peptide
levels aid diagnosis in

unclear cases

Negative antibodies
and detectable
C-peptide levels
followed by genetic
testing starting with
the common
mutations

Continued
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Secondary Pancreatic destruction History, physical
diabetes (pancreatitis, cystic examination, and
fibrosis, pancreatic review of drug
cancer), endocrine therapies
causes (growth hormone
and steroid
hypersecretion),
therapeutic agents
(steroid, anti-retroviral,
and cancer therapies)
Stress Hyperglycaemia during Raised in-hospital

hyperglycaemia hospital admission that glucose and normal
HbA1c. Diagnosis is

confirmed by repeat

normalizes after
discharge. Should not be
confused with newly glucose testing within
diagnosed diabetes weeks of hospital
discharge (preferably
using OGTT)

OGTT at 24-28

weeks of gestation

Gestational Pathophysiology is

diabetes related to insulin
resistance and relative
insulin deficiency
(individuals are usually
overweight or obese).
However, it can also
occur in lean women
with a predominant
insulin secretory defect.
Hyperglycaemia is
diagnosed in the second
or third trimester of
pregnancy in those
without overt diabetes in

pregnancy

GAD, glutamic acid decarboxylase; HbA1c, glycated haemoglobin; IA-2, tyrosine
phosphatase islet antigen-2; OGTT, oral glucose tolerance test; ZnT8, zinc transporter-8.

1.1.1. Alternative diabetes classification

Given the large heterogeneity of the diabetes population and the vari-
able risk of developing complications, data-driven cluster analysis using
six variables (glutamic acid decarboxylase [GAD] antibodies, age, body
mass index [BMI], glycated haemoglobin [HbA1c], and homeostatic
model assessment-2 for B-cell function and insulin resistance) provided
the basis for classification into five clusters, which predict complication
risk.

While these clusters help to improve the taxonomy of diabetes, this
approach risks to over-simplify a highly heterogeneous condition.
Moreover, the clusters were created according to a set of variables,
and key vascular parameters were not included, such as inflammatory
markers and lipid profile. Importantly, in the context of cardiovascular
(CV) pathology, the five clusters failed to show differences in coronary
artery and cerebrovascular disease outcomes, casting doubt on their
practical use in predicting vascular disease.* Additional work has shown
that phenotypic measures outperform clusters to predict specific out-
comes and therefore, at present, risk assessment at an individual level
has the best clinical utility. "

© ESC 2023

2. Cardiovascular risk assessment
in patients with type 2 diabetes

The SCORE2-Diabetes algorithm can be accessed in the European
Society of Cardiology (ESC) cardiovascular disease (CVD) Risk app
(freely available from app stores).®® The SCORE2-Diabetes algorithm
does not apply to persons with documented atherosclerotic cardiovas-
cular disease (ASCVD) or severe target-organ damage, or other genetic
or rare lipid or blood pressure (BP) disorders, chronic kidney disease
(CKD), or to pregnant women.

The correct chart should be selected according to the individual’s sex
and age:

(i) SCORE2-Diabetes risk chart to estimate 10-year CVD risk in men

with diabetes and current age between 40 and 54 years (Section 2.1)

(i) SCORE2-Diabetes risk chart to estimate 10-year CVD risk in men

with diabetes and current age between 55 and 69 years (Section 2.2)

(iify SCORE2-Diabetes risk chart to estimate 10-year CVD risk in wo-

men with diabetes and current age between 40 and 54 years
(Section 2.3)

(iv) SCORE2-Diabetes risk chart to estimate 10-year CVD risk in wo-

men with diabetes and current age between 55 and 69 years
(Section 2.4)

STEPS i—iv should be followed on the relevant chart. STEP iv requires
the risk region for the individual’s county of residence to be known
(Table S3).

Table S3 Four clusters of countries (low, moderate,
high, and very high cardiovascular disease risk)

Cluster Countries

Low risk countries Belgium, Denmark, France, Israel, Luxembourg,
Norway, Spain, Switzerland, the Netherlands, and the
UK

Moderate risk Austria, Cyprus, Finland, Germany, Greece, Iceland,
countries Ireland, Italy, Malta, Portugal, Republic of San Marino,
Slovenia, and Sweden

High risk countries  Albania, Bosnia and Herzegovina, Croatia, Czech
Republic, Estonia, Hungary, Kazakhstan, Poland,
Slovakia, and Turkey

Very high risk Algeria, Armenia, Azerbaijan, Belarus, Bulgaria, Egypt,
countries Georgia, Kyrgyzstan, Latvia, Lebanon, Libya,
Lithuania, Montenegro, Morocco, Republic of
Moldova, Romania, Russian Federation, Serbia, Syria,
The Former Yugoslav Republic (North Macedonia),

Tunisia, Ukraine, and Uzbekistan

2.1. SCORE2-Diabetes risk chart to
estimate 10-year cardiovascular disease
risk in men with diabetes and current age

between 40 and 54 years

STEP 1: determine current age (years) and select the corresponding
column in the Points Table $4.

STEP 2: in this column find the correct category for each risk predictor
and record the points listed in the column entitled ‘Points for current
patient’.

© ESC 2023



ESC Guidelines

STEP 3: add up the points you have recorded in the final column and
record the points total in the box at the bottom of the column.

STEP 4: match the points total to the corresponding risk in the Risk
Table Sé, selecting the value for the risk region of the country of residence.

2.2. SCORE2-Diabetes risk chart to
estimate 10-year cardiovascular disease
risk in men with diabetes and current age

between 55 and 69 years

STEP 1: determine current age (years) and select the corresponding
column in the Points Table $4.

Table S4 Points table for men with diabetes

Points table for men with diabetes and current age 40-69 years

Risk predictor Risk predictor Age Age
category 40-44 45-49
Age of diabetes 30-34 3 3
diagnosis (years) 35-39 2 2
40-44 1 1
45-49 N/A 0
50-54 N/A N/A
55-59 N/A N/A
60-64 N/A N/A
65-69 N/A N/A
Smoking status Non-smoker -9 -5
Current smoker -2 2
Systolic blood 100-119 -1 -1
pressure (mmHg) 120-139 1 1
140-159 3 3
>160 6 5
Total cholesterol 3.0-39 —4 —4
(mmol/L) 4.0-4.9 -3 -2
5.0-5.9 =1 =1
6.0-6.9 1 1
>7.0 3 3
HDL cholesterol 0.5-0.9 2 1
(mmol/L) 1.0-1.4 0
>1.5 -1 -1
HbA1c (mmol/mol) 30-39 1 1
40-49 2 2
50-59 4 3
60-69 5 5
>70 7 6
eGFR (mL/min/ 3044 8 7
1.73 m?) 45-59 4 4
60-89 1 1
>90 —1 -1
Points total:

STEP 2: in this column find the correct category for each risk predictor and
record the points listed in the column entitled ‘Points for current patient’.
STEP 3: add up the points you have recorded in the final
column and record the points total in the box at the bottom of
the column.

STEP 4: match the points total to the corresponding risk in the Risk
Table Sé, selecting the value for the risk region of the country of
residence.

Reported points by

age column
Age Age Age Age
50-54 55-59 60-64 65-69
3 3 3 3
2 2 2 2
1 1 1 1
0 0 0 0
>
0 0 0 0
N/A = =1 -1
N/A N/A -2 -2
N/A N/A N/A -3
0 4 9 13
-
6 9 13 17
=1 =1 =1 0
1 1 1 0
=
3 2 1
4 4 3 2
-3 -3 -3 -2
-2 -2 -2 -1
=i = =1 0 -
1 1 1 0
2 2 2 1
1 1 1 1
0 0 0 0 -
-1 -1 -1 -1
0 0 0 0
2 2 1 1
3 3 2 2 -
4 4 3 3
5 5 4 4
6 6 5 4
3 3 3 2
N
1 1 1 1
—1 0 0 0

eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HDL, High-density lipoprotein; N/A, not applicable.
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2.3. SCORE2-Diabetes risk chart to
estimate 10-year cardiovascular disease
risk in women with diabetes and current

age between 40 and 54 years

STEP 1: determine current age (years) and select the corresponding
column in the Points Table S5.

STEP 2:in this column find the correct category for each risk predictor and
record the points listed in the column titled ‘Points for current patient’.
STEP 3: add up the points you have recorded in the final column and
record the points total in the box at the bottom of the column.

STEP 4: match the points total to the corresponding risk in the Risk
Table Sé, selecting the value for the risk region of the country of residence.

Table S5 Points table for women with diabetes

Points table for women with diabetes and current age 40-69 years

2.4. SCORE2-Diabetes risk chart to
estimate 10-year cardiovascular disease
risk in women with diabetes and current

age between 55 and 69 years

STEP 1: determine current age (years) and select the corresponding
column in the Points Table S5.

STEP 2:in this column find the correct category for each risk predictor and
record the points listed in the column titled ‘Points for current patient’.
STEP 3: add up the points you have recorded in the final column and
record the points total in the box at the bottom of the column.

STEP 4: match the points total to the corresponding risk in the Risk
Table Sé, selecting the value for the risk region of the country of residence.

Reported points by

age column
Risk predictor Risk predictor Age Age Age Age Age Age
category 40-44 45-49 50-54 55-59 60-64 65-69
Age of diabetes 30-34 4 4 4 4 4 4
diagnosis (years) 35-39 3 3 3 3 3 3
4044 2 2 2 2 2 2
45-49 N/A 1 1 1 1 1
50-54 N/A N/A 1 1 1 1 -
55-59 N/A N/A N/A -2 —2 -2
60-64 N/A N/A N/A N/A -3 -3
65-69 N/A N/A N/A N/A N/A —4
Smoking status Non-smoker -1 —6 0 5 1 16
Current smoker -1 3 8 12 16 21 ”
Systolic blood 100-119 -1 —1 -1 -1 -1 -1
pressure (mmHg) 120-139 1 1 1 1 1 1
140-159 3 3 3 2 2 2 -
>160 5 5 4 4 3 3
Total cholesterol 3.0-39 =5 —4 —4 -3 -3 -2
(mmol/L) 4.0-4.9 -3 =2 -2 -2 -2 -1
5.0-5.9 -1 -1 -1 -1 -1 0 -
6.0-6.9 1 1 1 1 1 0
>7.0 3 3 3 2 1
HDL cholesterol 0.5-0.9 2 2 1
(mmol/L) 1.0-14 0 0 0 0 -
>15 -2 -2 -2 -1 -1 -1
HbA1c (mmol/mol) 30-39 1 1 1 1 0 0
4049 3 2 2 2 2 1
50-59 5 4 4 3 3 2 -
60-69 7 6 5 5 4 3
>70 9 8 7 6 5 4
eGFR (mL/min/ 3044 9 8 7 6 5 4
1.73m?) 45-59 5 5 4 3 3 2
60-89 2 1 1 1 1 1 -
>90 -1 —1 -1 0 0 0
Points total:

eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HDL, High-density lipoprotein; N/A, not applicable.
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2.6. Blood pressure and diabetes

2.6.1. Screening and diagnosis

In patients with diabetes, conventional office BP measurements with va-
lidated auscultatory or oscillometric, semi-automatic or automated
sphygmomanometers are recommended. Further, unattended, auto-
matic, multiple readings may improve the reproducibility of BP mea-
surements, reducing a possible ‘white coat effect’. Out-of-office BP

measurements with either home (HBPM) or ambulatory (ABPM) BP
monitoring provide more BP values over 24 hours, which may better
represent daily life. They may also help to detect ‘masked hypertension’,
which is very common in untreated patients with diabetes (approx.
30%) and has been found to increase the risk of CV and renal
events.?**” HBPM or ABPM are also recommended in patients at
risk of autonomic dysfunction, and to detect non-dipping or even a noc-
turnal rise of BP.?®

Table S10 Randomized controlled trials of intensive vs. standard hypertension treatment strategies®

Clinical Population Intensive
trial
ACCORD 4733 participants with T2DM aged ~ SBP target:<120 mmHg
BP* 40-79 years with prior evidence of ~ Achieved (mean) SBP/DBP:
CVD or multiple CV risk factors 119.3/64.4 mmHg
ADVANCE 11 140 participants with T2DM Intervention: a single-pill,
BP° aged >55 years with prior evidence  fixed-dose combination of
of CVD or multiple CV risk factors  perindopril and indapamide
Achieved (mean) SBP/DBP:
136/73 mmHg
HOT?? Subpopulation with 1501 DBP target: <80 mmHg

participants with diabetes

Standard Outcomes

SBP target: 130—
140 mmHg
Achieved (mean)
SBP/DBP: 133.5/
70.5 mmHg

No benefit in primary endpoint: composite of
non-fatal MI, non-fatal stroke, and CV death

Stroke risk reduced 41% with intensive
control, not sustained following the active

treatment period

Adverse events more common in intensive
group, particularly elevated serum creatinine

and electrolyte abnormalities

Control: placebo Intervention reduced risk of primary
Achieved (mean)
SBP/DBP: 141.6/

75.2 mmHg

composite endpoint of major macro- and

microvascular events (by 9%), death from any
cause (by 14%), and death from CVD (by 18%)
6-year observational follow-up found reduced

risk of death in intervention group attenuated

but still significant without evidence of sex

differences®'

DBP target: <
90 mmHg

In the subpopulation with diabetes, an
intensive DBP target was associated with a
significantly reduced risk (51%) of CV events

CV, cardiovascular; CVD, cardiovascular disease; DBP, diastolic blood pressure; Ml, myocardial infarction; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.
Data from this table can also be found in the American Diabetes Association position statement ‘Diabetes and Hypertension’.>3

2.7. Antithrombotic therapy and diabetes

Acetylsalicylic acid (ASA) irreversibly inhibits cyclo-oxygenase
1-dependent thromboxane A, from platelets and platelet precursors
already at 75-100 mg o.d. and is not bio-transformed by cytochrome
P (CYP)450 as shown in Figure S1.3*

P2Y,, receptor inhibitors. Clopidogrel is a pro-drug, with
<10% systemic bioavailability, which is bio-transformed by muiltiple
CYP450s into an active metabolite that irreversibly inhibits platelets’
P2Y, purinergic receptor (Figure S2A).%” Its complex pharmacokinetics
(PK) generate clinically relevant drug—drug interactions (DDIs), mainly
through the CPY2C19, including DDIs with omeprazole and esomepra-
zole. Patients with diabetes generate lower active metabolite concen-
trations than patients without diabetes.*®

Prasugrel is a pro-drug, which also irreversibly inhibits P2Y4, and is
characterized by more favourable PK, since there is no involvement
of the major CYP450s known to generate clinically relevant DDlIs.
This also generates higher active metabolite concentrations and bio-
availability, as well as less interindividual variability (Figure S2B). Thus,
as compared with clopidogrel or ticagrelor, prasugrel has no clinically
relevant DDIs.>” The dose should be reduced in patients aged >75
years and weighing <60 kg.

Ticagrelor is an adenosine triphosphate analogue, and a reversible,
direct, non-competitive P2Y4, inhibitor. It is bio-transformed by the
CYP3A4 and P-glycoprotein with less inter-individual variability than
clopidogrel (Supplementary Figure S3). Ticagrelor can generate clinically
relevant DDIs and is contraindicated with strong CYP3A4 inhibitors,
due to increased bleeding risk.>’” Mild-to-moderate dyspnoea is a very
common side effect (>1/10 patients).>’

Vitamin K antagonist (VKA). The complex PK of the racemic R-
and S-warfarin (Figure S4) explains its high intra- and interindividual vari-
ability and numerous DDlIs. These, and its narrow therapeutic window,
necessitate monitoring with prothrombin time,
International Normalized Ratio (INR).*> Warfarin is teratogenic. No
dose adjustment is needed with renal impairment.

Direct non-vitamin K antagonist oral anticoagulant
(NOAGs). The PK of each NOAC is shown in Figure S5.
Apixaban, edoxaban, and rivaroxaban directly inhibit activated
Factor X (FXa). Dabigatran is a pro-drug that directly inhibits
thrombin (Factor lla). NOACs have different PK, bioavailability,
and excretion routes.*® Variable involvement of CYP450s and/or
P-glycoprotein generates drug-drug
(DDls).

expressed as

distinctive interactions

© ESC 2023
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Figure S1 Pharmacodynamics and pharmacokinetics of low dose acetylsalicylic acid. ASA, acetylsalicylic acid; CE, carboxylesterase; COX, cyclo-oxygenase;
Ser, serine. Acetylsalicylic acid (ASA) is almost completely absorbed in the stomach and small intestine. It exerts its pharmacodynamic effect through the
irreversible acetylation of the serine-529 residue of the platelet enzyme cyclo-oxygenase (COX)-1. This occurs in the portal blood, before the liver first-pass
effect, thus inhibiting thromboxane-2-dependent platelet aggregation. Once the serine is acetylated, platelets are inhibited for their remaining lifespan, and
after ASA dosing is stopped, platelet aggregation levels will return to baseline as new platelets are formed, typically within 7 to 10 days. ASA is bio-
transformed to the inactive compound salicylic acid by carboxylesterases in the intestine, plasma, and liver. Salicylic acid is further bio-transformed in the
liver, mainly through phase Il enzymes such as acyl-CoA N-acyltransferase (ACNAT) and uridine 5’-diphosphoglucuronosyltransferases (UTGs), while a min-
or fraction is excreted without changes, or is bio-transformed by Cytochrome P (CYP)2E1. The average systemic bioavailability is approximately 50% of the
orally administered dose after liver first-pass metabolism. Once in the systemic circulation, ASA reaches bone marrow precursors, where it inhibits COX-1

and -2. Data from Rocca et al. and Boji¢ et al.>>3¢
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Figure S2 Pharmacokinetics of clopidogrel and prasugrel thienopyridines. CES, carboxylesterases; CYP, Cytochrome P. Clopidogrel and prasugrel are
thienopyridine pro-drugs, requiring in vivo bio-transformation to form an active metabolite that binds rapidly and irreversibly to the platelet P2Y 4, receptor,
thus inhibiting P2Y4,-dependent platelet aggregation. Once bound, the P2Y, remains inhibited for the remainder of the platelet’s lifespan and once the drug
is stopped, platelet function returns to baseline as new platelets are formed, usually after 7 to 10 days. Panel A: clopidogrel, a thienopyridine adenosine di-
phosphate P2Y4, receptor antagonist, is an orally administered pro-drug that forms in vivo its active metabolite by approximately 10% of the orally adminis-
tered dose. Clopidogrel is extensively metabolized by the liver. Esterases hydrolyse it into an inactive carboxylic acid derivative (85% of circulating
metabolites). Multiple Cytochrome P (CYP)450 s metabolize clopidogrel into the 2-oxo-clopidogrel intermediate inactive metabolite and subsequent me-
tabolism generates the active thiol derivative. Clopidogrel may generate relevant drug—drug interactions, especially with strong CYP2C19 inhibitors including
omeprazole and esomeprazole, fluoxetine, voriconazole, fluconazole, carbamazepine, and efavirenz. Panel B: prasugrel, a thienopyridine P2Y 1, antagonist, is
an oral pro-drug that forms in vivo an active metabolite (R-138727). Prasugrel has a distinct chemical structure as compared with clopidogrel, with a more
efficient conversion to its active metabolite through rapid hydrolysis by CEs and then by multiple CYP450 enzymes. The R-138727 metabolite is formed very
rapidly during first-pass metabolism. No relevant pharmacodynamic and pharmacokinetic clinically relevant drug—drug interactions have been reported for
prasugrel.
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Figure S3 Pharmacokinetics of ticagrelor. CYP, Cytochrome P; DDI, drug—drug interaction; P-gp, P-glycoprotein. Ticagrelor is a complex carbocyclic nucleoside
analogue and a reversible and selective P2Y,-receptor antagonist. Its bio-transformation leads also to an active metabolite, the AR-C124910XX, by approximately
one-third of the absorbed dose. Clinically relevant drug—drug interactions (DDIs) have been reported with strong Cytochrome P (CYP)3A4 inhibitors. Ticagrelor
and AR-C124910XX are also P-glycoprotein (P-gp) substrates and inhibitors of the P-gp-mediated transport of digoxin. Co-administration of strong CYP3A4
inhibitors is contraindicated based on clinically relevant DDI.

CYPIA2 CrP2C9

~
o

cYp2Cl9 cYP2CI9
¢ Oral biovailability
7 7 4
o]
cY(P'3A ? C;I}zcw cvrcy ° ) CYP3A @
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Figure S4 Pharmacokinetics of warfarin. CYP, Cytochrome P. Warfarin is a racemic mixture, which acts as a vitamin K antagonist, thus blocking the carb-
oxylation of factors II, VI, IX, X, and proteins C and S. The S-enantiomer is more potent than the R-enantiomer. The enantiomers undergo different
Cytochrome P (CYP)450 bio-inactivation paths. Warfarin is characterized by a high intra- and interindividual variability in response and
CYP2C9-mediated drug—drug interactions. Pharmacogenomic variability stems from CYP2C9 alleles and vitamin K epoxide reductase variants.
Figure modified from Akamin and Uno.*’
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Figure S5 Pharmacokinetic pathways of the direct anti-Xa and lla oral anticoagulants. BCRP, breast cancer resistance protein; CYP, Cytochrome P; OATP,
organic anion-transporting polypeptides; P-gp, P-glycoprotein. Apixaban, edoxaban, and rivaroxaban are orally active, direct, selective inhibitors of the coagu-
lation factor Xa that reversibly bind to the active site of factor Xa. Apixaban is an active compound eliminated by multiple pathways, including bio-transformation,
renal, and biliary clearances. Based on its pharmacokinetics, apixaban is not recommended in patients receiving concomitant treatment with strong inhibitors of
both Cytochrome P (CYP)3A4 and P-glycoprotein (P-gp). Edoxaban is a substrate for the efflux transporter P-gp. Co-administration of edoxaban with the P-gp
inhibitors ciclosporin, dronedarone, erythromycin, or ketoconazole requires dose reduction. Rivaroxaban is an active drug also bio-transformed by CYP3A4 and
P-gp; its concomitant use with strong inhibitors of both CYP3A4 and P-gp is not recommended. Dabigatran etexilate is an oral pro-drug of the active moiety
dabigatran and possesses no anticoagulant activity. Dabigatran is a non-peptide competitive and reversible inhibitor of factor lla (thrombin). It is a strong substrate
of the P-gp protein, and therefore co-administration of P-gp inducers has been shown to generate clinically relevant drug—drug interactions and is discouraged.
Strong P-gp inhibitors are contraindicated, including ketoconazole and dronedarone. Kidney function assessment is particularly important for dabigatran given its

almost exclusive kidney excretion route. Data are from: Stangier et al.*%; Weinz et al.**; Raval et al.**
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TIMI (1991) ISTH (2005) BARC (201 1)

Bleeding definitions?

Fatal (directly leading to death within 7 days)
Intracranial
Overt signs and drop of Hb 25 g/dL

Symptomatic in critical area
Intraocular and 3a-c
Packed RBC transfusion 22U
Drop of Hb 22 g/dL

Any transfusion requiring active medical or
surgical intervention interrupting study
medication or change of therapy
Overt bleeding (visible or detectable) prompting
evaluation (lab or imaging) leading to or
prolonging hospitalization

Not resulting in medical evaluation/consultation, Minimal
may result in self-discontinuation of medicine )
Minor Type |

Bleeding severity
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Figure S6 Bleeding definitions in clinical trials. BARC, Bleeding Academic Research Consortium; Hb, haemoglobin; ISTH, International Society on
Thrombosis and Haemostasis; RBC, red blood cell; TIMI, Thrombolysis in Myocardial Infarction. The figure depicts a synopsis of the definitions and classifica-
tions of non-surgical bleeding, most-commonly used in randomized controlled trials of antithrombotic drugs, according to the TIMI group, the ISTH, and the
BARC.**=" *The severity of bleeding decreases from the top to the bottom of the figure and it is reflected in the decreasing darkness of the red colour.
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Estimated 5-year risk of serious vascular event at baseline

. Nonfatal myocardial infarction, nonfatal stroke, Nonfatal major bleeding
transient ischemic attack, or revascularization
@ Death from cardiovascular cause @ ratal bleeding

\ @Esc

Figure S7 Observed absolute effect in aspirin and placebo groups for serious vascular events, including major bleeding or revascularization. ASCEND, A
Study of Cardiovascular Events iN Diabetes; NNH, number needed to harm; NNT, number needed to treat; yr, year. The figure shows the efficacy and safety
outcomes in three sub-groups of patients stratified according to the estimated risk of serious vascular events at baseline. The number needed to treat (NNT)
and number needed to harm (NNH) are shown in each group, showing no clear difference in the benefit-risk balance according to the baseline risk strati-
fication. The net benefit in each group favours NNT over NNH (ratio NNT:NNH <1). Figure modified from The ASCEND Study Collaborative Group.*’
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3. Management of coronary artery
disease and diabetes

3.1. Chronic coronary syndromes and
diabetes
3.1.1. Revascularization
In the ISCHEMIA (International Study of Comparative Health
Effectiveness With Medical an Invasive Approaches) trial, in patients
with documented stable coronary artery disease (CAD) and moderate
or severe ischaemia, a routine invasive strategy, compared with an initial
conservative approach, did not significantly reduce the risk of ischaemic
CV events or all-cause death over a median of 3.2 years.”” In the separate
analysis of the sub-group with diabetes (around 41% of the total popula-
tion), despite the higher risk of death or myocardial infarction (Ml), the
study also showed no significant benefit of routine invasive manage-
ment.”> A recently published meta-analysis of 25 trials, including
ISCHEMIA, involving 19 806 patients revealed that in patients with stable
CAD, elective coronary revascularization plus optimal medical therapy re-
duced cardiac mortality compared with medical therapy alone.”* The car-
diac survival benefit after revascularization improved with longer
follow-up times and was associated with fewer spontaneous Mls.
Interestingly, subjects with multivessel disease, a typical feature of type
2 diabetes mellitus (T2DM), derive a highly significant, direct incremental,
cardiac mortality benefit of revascularization with increased percentages
of multivessel disease (P = 0.0004).”* A smaller meta-analysis did not sup-
port the benefit of routine revascularization vs. initial medical therapy in
reducing mortality.”> Another pooled analysis of studies in patients with
diabetes also showed a significant reduction in the combined endpoint
(death, M, stroke, and revascularization) with revascularization plus med-
ical therapy compared with medical treatment alone, and that this in-
7 Of note, in the percutaneous coronary
intervention (PCI) group, the benefit of revascularization was observed
only in patients who achieved a low-density lipoprotein-cholesterol
(LDL-C) level < 70 mg/dL. The prolonged observation of patients in the
ISCHEMIA trial (median follow-up of 5.7 years) revealed a lower risk of
CV mortality with an initial invasive strategy than with an initial conserva-
tive strategy, with no difference in all-cause mortality between groups.”’
The role of revascularization in patients with HF remains an unre-
solved problem. In the STICH (Surgical Treatment for Ischemic
Heart Failure) trial, the incidence of death from any cause at 5 years
was similar in the group of patients with an ejection fraction 35% or
less (39% had diabetes) assigned to undergo coronary artery bypass
grafting (CABG) and the group treated with medical therapy alone.
This observation was partly due to the higher early mortality of patients
who underwent CABG.”® However, survival benefits accrued over
time, and at 10 years of follow-up, patients who received revasculariza-
tion were more likely to be alive than those on medical therapy alone.”®
Recently published, the REVIVED-BCIS2 (Revascularization for
Ischemic Ventricular Dysfunction) trial was conducted in a similar
population (ejection fraction 35% or less, 41% had diabetes), but pa-
tients underwent percutaneous revascularization to avoid an early haz-
ard of CABG. Over a median of 41 months, PCl did not reduce the
incidence of death from any cause or hospitalization for heart failure.
In addition, the left ventricular ejection fraction was similar in the
two groups at 6 and 12 months, although quality-of-life scores favoured
the PCl group.”” It can be presumed that the follow-up time needed to
be longer to demonstrate the benefit of revascularization in this group,
analogous to the STICH study.

creased over time.

Selecting the optimal myocardial revascularization strategy for
patients with diabetes and multivessel CAD requires particular atten-
tion due to more extensive and diffuse disease. Thus, PCl in patients
with diabetes is often more complex than in those without diabetes.
Trials comparing CABG and PCl with old-generation stents in people
with diabetes and stable multivessel disease have provided evidence
in favour of CABG, with improved outcomes for death, Ml, and repeat
revascularization, despite an excess of stroke.2® The FREEDOM (Future
Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal
Management of Multivessel Disease) trial compared elective revascular-
ization with CABG or PCl with first-generation drug-eluting stents
(DESs) in 1900 patients with diabetes and multivessel disease but with-
out left-main stenosis.” The primary endpoint of any-cause death, non-
fatal MI, or non-fatal stroke at 5 years occurred in 26.6% in the PCI
group vs. 18.7% in the CABG group. The incidences of death (16.3%
vs. 10.9%, respectively; P = 0.049) and Ml (13.9% vs. 6.0%, respectively;
P <0.001) were higher in the PCl group, whereas the incidence of
stroke was lower (2.4% vs. 5.2%, respectively; P = 0.03). The prolonged
observation of these patients (median follow-up of 7.5 years) also con-
firmed the advantage of surgical revascularization in reducing all-cause
mortality.”® In the subset of 452 patients with diabetes and multivessel
CAD enrolled in the SYNTAX (Synergy Between PCl with TAXUS and
Cardiac Surgery) trial, there were no differences in the composite
safety endpoint of all-cause death, stroke, and MI at 5 vyears.
However, repeated revascularization was significantly more frequent
in patients with diabetes treated with PCI than CABGE* A higher inci-
dence of cardiac death was noted in patients who were insulin-
dependent and treated with PCl In the BEST (Randomized
Comparison of Coronary Artery Bypass Surgery and Everolimus-
Eluting Stent Implantation in the Treatment of Patients with
Multivessel Coronary Artery Disease) trial, patients with diabetes
(41% of the total population) treated with PCl had a higher rate of
the combined primary endpoint of death, MI, or target-vessel revascu-
larization compared with those treated with CABG.®* A meta-analysis
of four randomized controlled trials covering 3052 patients compared
PCl with early-generation DES vs. CABG in patients with diabetes and
multivessel CAD. The study revealed a higher risk of death and Ml with
early-generation DES treatment, but a lower risk of stroke.®* A sensi-
tivity analysis showed that the superiority of CABG was most pro-
nounced among patients with a high SYNTAX score.

Another network meta-analysis suggested that the survival benefit of
CABG over PCl in patients with diabetes might be lost when using the
new generation of everolimus-eluting stents (EESs) though this was not
confirmed in a subsequent meta-analysis that also directly compared
EES with CABG.2># In a collaborative, individual patient data, pooled
analysis of 11 518 patients with multivessel or left main disease rando-
mized to CABG or PCI with stents, all-cause death was significantly
lower after CABG in patients with diabetes, but not in those without.&”
However, no mortality benefit was noted with CABG in patients with
left main disease regardless of diabetes status. Consequently, current
evidence continues to favour CABG over PCl for revascularization in
patients with diabetes, chronic coronary syndrome, and multivessel
disease

Recently, the SYNTAX Il study demonstrated that the outcomes
after state-of-the-art percutaneous coronary revascularization in pa-
tients with de novo three-vessel disease (30% with diabetes) were
equivalent to those of matched patients who underwent CABG in
SYNTAX at 5-year follow-up; still, this study did not differentiate be-
tween patients with or without diabetes 2’ However, more contem-
porary data shows that even modern PCl techniques still do not
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match CABG in such patients. The FAME 3 (Fractional Flow Reserve vs.
Angiography for Multivessel Evaluation) trial, in which 1500 patients
with three-vessel CAD were randomized to physiology-guided PCI
with current-generation DES or CABG, failed to demonstrate PCl non-
inferiority to surgery in the composite endpoint of death, MI, stroke, or
repeat revascularization at 1 year. A similar result was observed in pa-
tients with diabetes mellitus, comprising 29% of the total population.®®
This result can be explained, among others, by the significant progress
in coronary artery surgery observed in recent years.” Finally, the
SYNTAXES (SYNTAX Extended Survival) study provided data on all-
cause mortality after a 10-year follow-up. Among patients with three-
vessel disease, mortality was significantly reduced in the CABG group
compared with the PCl group, whereas no CABG advantage was found
among patients with left-main CAD. Notably, there was no
treatment-by-sub-group interaction with diabetes.”® In patients with
diabetes and a left main or multivessel disease, PCl and CABG had simi-
lar mortality after 10 years. Interestingly, landmark analyses revealed
that mortality was significantly higher with PCl at 5 years, whereas it
was numerically higher with CABG between 5 and 10 years. Patients
treated with insulin had a numerically higher mortality at 10 years
with PCI, as compared with CABG.”?

The revascularization approach for left-main obstruction remains
unclear. When patients present with comorbidities that increase surgi-
cal risk, the choice of revascularization method is best decided by multi-
disciplinary, individualized risk assessment. However, recent advances in
PCI (new DES, intracoronary physiological and imaging tests) may alter
current evidence. In a pre-specified sub-group analysis from the EXCEL
(Evaluation of XIENCE vs. Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization) trial, the primary compos-
ite endpoint of all-cause death, Ml, or stroke after 3 years of observa-
tion was significantly higher in patients with diabetes than in those
without diabetes (20.0% vs. 12.9%, respectively; P < 0.001).”® There
was no difference in the primary endpoint in relation to the treatment
strategy in the diabetes sub-group (PCl vs. CABG: 20.7% vs. 19.3%, re-
spectively; HR 1.03; [95% Cl, 0.71-1.50; P = 0.87]). All-cause death at 3
years occurred in 13.6% of PCI patients and 9.0% of CABG patients
(P =0.046). A recent meta-analysis of four randomized controlled trials
that reported outcomes after PCl vs. CABG in unprotected left main
coronary artery stenosis among patients with diabetes found that at
long-term follow-up (3—11 years), there was no difference for individual
outcomes of all-cause and CV mortality or MI. However, the risk of
stroke was reduced, whereas the rate of repeat revascularization was
increased with PCL** Ten-year data from the MAIN-COMPARE
(Revascularization for Unprotected Left Main Coronary Artery
Stenosis) registry of 2240 consecutive patients with unprotected left
main CAD revealed that the adjusted 10-year mortality or composite
outcome was similar between PCl and CABG, irrespective of the pres-
ence of diabetes. Nevertheless, the clinical outcomes favoured CABG
in the cohort of patients with diabetes treated with bare-metal stents.”

3.2. Ischaemia with no obstructive

coronary artery disease in diabetes

Although coronary artery stenoses constitute the most common
cause of ischaemia and angina, many symptomatic patients with con-
firmed ischaemia do not have obstructive CAD.?® This phenomenon
may be explained by diffuse disease presenting as mild or moderate
lesions on coronary angiography, dynamic stenoses of epicardial ves-
sels, or coronary microvascular dysfunction (CMD).C’7 In all these
cases, patients may have typical angina symptoms during exercise,
and ischaemia on non-invasive functional tests. Details of this phe-
nomenon were described in the 2019 ESC Guidelines for the diagno-
sis and management of chronic coronary syndromes.”®
mechanisms by which diabetes increases the risk of CMD have been
proposed, such as hyperglycaemia-induced oxidative stress, insulin re-
sistance, inflammation and reduced nitric oxide production, and an
imbalance between the sympathetic and parasympathetic sys-
tems.”~"9 A correlation with albuminuria has also been reported.'®*
Finally, T2DM itself may damage endothelial cells and reduce capillary
surface area.”” %1% (Figure $8).

Although some studies show that coronary vessels appear angiogra-
phically smaller in patients with diabetes compared with patients with-
out diabetes, a recent analysis showed that T2DM does not influence
the dimensions of coronary arteries in the absence of atheroscler-
osis."® T2DM is commonly regarded as a risk factor of obstructive
CAD, yet in most patients with diabetes and angina without significant
coronary lesions, CMD can be diagnosed.'® Standardized criteria for
diagnosing microvascular angina have recently been proposed by the
COVADIS (Coronary Vasomotion Disorders International Study)
Group.107 T2DM, along with dyslipidaemia, obesity, and metabolic syn-
drome, has been recognized as the main risk factor. Treatment of is-
chaemia with no obstructive CAD (INOCA), apart from lifestyle
madification and proper metabolic control (glucose and lipids), in pa-
tients with diabetes should not differ from that in patients without dia-
betes, and has been published elsewhere.'®® It should be noted that
T2DM is a risk factor for worse prognosis among patients with
INOCA.'®”

In contrast to INOCA, Ml with non-obstructive coronary arteries
(MINOCA) is observed less frequently in patients with diabetes than
in those without diabetes."’*'"2 MINOCA is a complex, non-
homogenous condition with underlying cardiac and non-cardiac
causes.""*™""> Patients presenting with MINOCA have a lower survival
rate than matched healthy individuals."'®""” T2DM, but also high blood
glucose levels, regardless of the presence of diabetes, has been re-
ported as important risk factors of early and late mortality."'>"18117
The treatment of patients with diabetes diagnosed with MINOCA
should not differ from those without diabetes. As in any other patient
with acute coronary syndrome, assessing and controlling glucose level
early is recommended (Section 6.2.2.2 of the main text).

Several
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Figure S8 Pathophysiology of coronary microvascular dysfunction. 1, increased; |, decreased; CBF, coronary blood flow; ET1, endothelin-I; NO, nitric
oxide; ROS, reactive oxygen species; T2DM, type 2 diabetes mellitus. Figure modified from Crea et al. 2021."%
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5. Arrhythmias: atrial fibrillation, ventricular arrhythmias, sudden cardiac

death, and diabetes

Table S16 Presumed benefits and potential risks of atrial fibrillation screening

Presumed benefits

Preventing subsequent onset of symptoms

derangements

and mortality

Preventing thrombo-embolic events and stroke by OAC treatment

Preventing and/or reversing electrical/mechanical atrial remodelling

AF, atrial fibrillation; ECG, electrocardiogram; OAC, oral anticoagulant.

Preventing and/or reversing tachycardiomyopathy and/or haemodynamic

Preventing AF-related morbidity and reducing AF-related hospitalizations

* Abnormal results may cause anxiety

Potential risks

* Misinterpreting ECG results may lead to over-diagnosis and over-treatment

» ECG may detect abnormalities (either true- or false-positive results) that may

lead to invasive testing and treatments that have the potential for harm (e.g.

angiography and revascularization associated with bleeding, contrast-induced

6. Aortic and peripheral arterial diseases and diabetes

nephropathy, and allergic reactions to contrast)

Table S17 Assessing the risk of amputation: the Wound, Ischaemia, foot Infection classification

Wound

Score

0 No ulcer (ischaemic rest pain)
Small, shallow ulcer (distal leg or foot); no
gangrene

2 Deep ulcer (exposed bone, joint, or tendon)
+ gangrenous changes limited to toes

3 Extensive deep ulcer, full-thickness heel

ulcer + extensive gangrene

One-year amputation risk

Ischaemia-0

w-o [N I T I .
w-1 IIIIIIII 1

Ww-2

ABI

>0.80
0.60-0.79

0.40-0.59

<0.40

Ischaemia-1

Ischaemia

Ankle pressure

(mmHg)

>100
70-100

50-70

<50

Toe pressure or
TcPO, (mmHg)

L

>60
40-59

30-39

<30

Ischaemia-2

v H
IIIIIIIIIIIIIIIIIIIIIII

IIIIIIII H
w-3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Foot Infection

No symptoms/signs of infection
Local infection involving only skin
and subcutaneous tissue

Local infection involving deeper
than skin/subcutaneous tissue

Systemic inflammatory response

syndrome

Ischaemia-3

-0 - fl-3

ABI, ankle-brachial index; fl, foot Infection; H, high risk; L, low risk; M, moderate risk; TcPO, transcutaneous oxygen pressure; VL, very low risk; W, wound.
Wound, Ischaemia, Foot and Infection defined from 2017 ESC Guidelines on the diagnosis and treatment of peripheral arterial diseases, in collaboration with the European Society for

Vascular Surgery.'?
0,130

Table adapted from Cosentino et al. 2020.

© ESC 2023

© ESC 2023
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