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1 Preamble

Guidelines summarize and evaluate available evidence with the aim of
assisting health professionals in proposing the best management
strategies for an individual patient with a given condition. Guidelines
and their recommendations should facilitate decision making of
health professionals in their daily practice. However, the final deci-
sions concerning an individual patient must be made by the responsi-
ble health professional(s) in consultation with the patient and
caregiver as appropriate.

A great number of guidelines have been issued in recent years by
the European Society of Cardiology (ESC) and its partners such as
the European Society for the Study of Diabetes (EASD), as well as by
other societies and organisations. Because of their impact on clinical
practice, quality criteria for the development of guidelines have been
established in order to make all decisions transparent to the user.
The recommendations for formulating and issuing ESC Guidelines
can be found on the ESC website (http://www.escardio.org/
Guidelines-&-Education/Clinical-Practice-Guidelines/Guidelines-deve
lopment/Writing-ESC-Guidelines). The ESC Guidelines represent
the official position of the ESC on a given topic and are regularly
updated.

The ESC carries out a number of registries which are essential to
assess, diagnostic/therapeutic processes, use of resources and adher-
ence to Guidelines. These registries aim at providing a better under-
standing of medical practice in Europe and around the world, based
on data collected during routine clinical practice.
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ESC Guidelines

The guidelines are developed together with derivative educational
material addressing the cultural and professional needs for cardiolo-
gists and allied professionals. Collecting high-quality observational
data, at appropriate time interval following the release of ESC
Guidelines, will help evaluate the level of implementation of the
Guidelines, checking in priority the key end points defined with the
ESC Guidelines and Education Committees and Task Force members
in charge.

The Members of this Task Force were selected by the ESC and
EASD, including representation from relevant ESC sub-specialty

Table I Classes of recommendations

Definition

groups, in order to represent professionals involved with the medical
care of patients with this pathology. Selected experts in the field from
both societies undertook a comprehensive review of the published
evidence for management of a given condition according to ESC
Committee for Practice Guidelines (CPG) policy. A critical evaluation
of diagnostic and therapeutic procedures was performed, including
assessment of the risk—benefit ratio. The level of evidence and the
strength of the recommendation of particular management options
were weighed and graded according to predefined scales, as outlined
in the tables below.

Wording to use

Conflicting evidence and/or a divergence of opinion about the usefulness/

Should be considered

1%}
_5 Class | Evidence and/or general agreement
_rgs' that a given treatment or procedure is
5 beneficial, useful, effective.
€
IS
!
o) Class Il
5 efficacy of the given treatment or procedure.
1%}
&
2] Class Ila Weight of evidence/opinion is in
@) favour of usefulness/efficacy.
Class llb Usefulness/efficacy is less well
established by evidence/opinion.
Class Il Evidence or general agreement that the

given treatment or procedure is not
useful/effective, and in some cases

may be harmful.

Table 2 Levels of evidence

Level of
evidence C

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.

©ESC 2019

©ESC 2019

6102 1snBny ¢ uo 1sanb Aq 0689555/98ZYs/Mieayina/c60 1L 01 /10p/10B1Sqe-a]oIie-a0ueApe/fieayina/wod dno olwapeoe//:sdiy Wwolj papeojumoq



ESC Guidelines

The experts of the writing and reviewing panels provided declara-
tion of interest forms for all relationships that might be perceived as
real or potential sources of conflicts of interest. These forms were
compiled into one file and can be found on the ESC website (http://
www.escardio.org/guidelines). Any changes in declarations of interest
that arise during the writing period were notified to the ESC and
EASD Chairpersons and updated. The Task Force received its entire
financial support from the ESC and EASD without any involvement
from the healthcare industry.

The ESC CPG supervises and coordinates the preparation of new
Guidelines. The Committee is also responsible for the endorsement
process of these Guidelines. The ESC Guidelines undergo extensive
review by the CPG and external experts. After appropriate revisions
the Guidelines are approved by all the experts involved in the Task
Force. The finalized document is approved by the CPG for publica-
tion in the European Heart Journal. The Guidelines were developed
after careful consideration of the scientific and medical knowledge
and the evidence available at the time of their dating.

The task of developing ESC Guidelines also includes the creation
of educational tools and implementation programmes for the re-
commendations including condensed pocket guideline versions,
summary slides, booklets with essential messages, summary cards
for non-specialists and an electronic version for digital applications
(smartphones, etc.). These versions are abridged and thus, for
more detailed information, the user should always access to the full
text version of the Guidelines, which is freely available via the ESC
website and hosted on the EH) s’ website. The National Cardiac
Societies of the ESC are encouraged to endorse, translate and
implement all ESC Guidelines. Implementation programmes are
needed because it has been shown that the outcome of disease
may be favourably influenced by the thorough application of clinical
recommendations.

Health professionals are encouraged to take the Guidelines fully
into account when exercising their clinical judgment, as well as in the
determination and the implementation of preventive, diagnostic or
therapeutic medical strategies. However, the Guidelines do not over-
ride in any way whatsoever the individual responsibility of health pro-
fessionals to make appropriate and accurate decisions in
consideration of each patient’s health condition and in consultation
with that patient or the patient’s caregiver where appropriate and/or
necessary. It is also the health professional’s responsibility to verify
the rules and regulations applicable in each country to drugs and devi-
ces at the time of prescription.

2 Introduction

This is the third set of Guidelines produced by the ESC in collabora-
tion with the EASD, designed to provide guidance on the manage-
ment and prevention of cardiovascular (CV) disease (CVD) in
subjects with, and at risk of developing, diabetes mellitus (DM). The
last Guidelines on this subject were published in the European Heart
Journal in 2013. The interval between preparing the previous

Guidelines and the current document has been relatively short, but it
has been a period in which we have seen an unprecedented increase
in the evidence base available for practicing healthcare professionals
to refer to in their daily consultations. This has been characterized by
the presentation and publication of a number of CV safety trials for
type 2 DM (T2DM) treatments, the results of which, to the casual
observer, must seem both exciting and bewildering. Exciting, because
while all the recent studies have reported CV safety, several have
also reported, for the first time, clear evidence of CV benefit.
Bewildering, because these trials continue to be dogged by various
side effects that dull the clarity of decision-making. It is one of our
aims to guide the reader through this important data set.

In other ways, and on a global scale, little has changed. The preva-
lence of DM worldwide continues to increase, rising to 10% of the
population in countries such as China and India, which are now
embracing western lifestyles. In 2017, ~60 million adult Europeans
were thought to have T2DM—nhalf undiagnosed—and the effects of
this condition on the CV health of the individual and their offspring
create further public health challenges that agencies are attempting
to address globally.

These massive numbers led to the prediction that >600 million
individuals would develop T2DM worldwide by 2045, with around
the same number developing pre-DM." These figures pose serious
questions to developing economies, where the very individuals who
support economic growth are those most likely to develop T2DM
and to die of premature CVD. Awareness of specific issues associated
with age at onset, sex, and race—particularly the effects of T2DM in
women (including epigenetics and in utero influences on non-
communicable diseases)—remains of major importance, although
there is still much work to be done. Finally, the effects of advancing
age and comorbidities indicate the need to manage risk in an individu-
alized manner, empowering the patient to take a major role in the
management of his or her condition.

The emphasis in these Guidelines is to provide information on the
current state of the art in how to prevent and manage the effects of
DM on the heart and vasculature. Our aim has been to focus mostly
on the new information made available over the past 5—6 years, and
to develop a shorter, concise document to this end. The need for
more detailed analysis of specific issues discussed in the present
Guidelines may be met by referring to the plethora of specialist
Guidelines from organizations such as the ESC and the American
Diabetes Association (ADA).

It has been a privilege for us to have been trusted with the oppor-
tunity to guide the development of these Guidelines and to work
alongside acknowledged experts in this field. We want to extend our
thanks to all members of the Task Force who gave freely of their time
and expertise, to the referees who contributed a great deal to the
final manuscript, and to the ESC and EASD committees that oversaw
this project. Finally, we express our thanks to the Guidelines team at
the European Heart House, in particular Veronica Dean, Nathalie
Cameron, Catherine Despres, and Laetitia Flouret for their support
in making this process run smoothly.

Francesco Cosentino and Peter J. Grant
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3 What is new in the 2019 Guidelines?
Table3 Whatis new in the 2019 Guidelines?

Change in recommendations

2013 2019
BP targets

Lipid targets

Antiplatelet therapy

Glucose-lowering treatment

Metformin should be considered Metformin should be considered in overweight patients with T2DM without CVD and at moderate CV risk
as first-line therapy in patients with DM

Revascularization

One- or two-vessel CAD, no proximal LAD

One- or two-vessel CAD, proximal LAD

Three-vessel CAD, low complexity

Left main CAD, low complexity

Three-vessel CAD, intermediate or high complexity

Left main CAD, intermediate complexity

caBG

High complexity

Oral anticoagulation in AF (paroxysmal or persistent)

b IE L ow |

AF = atrial fibrillation; BMS = bare-metal stent; BP = blood pressure; CABG = coronary artery bypass graft; CAD = coronary artery disease; CV = cardiovascular; CVD = cardi-
ovascular disease; DBP = diastolic blood pressure; DES = drug-eluting stent; DM = diabetes mellitus; EACTS = European Association for Cardio-Thoracic Surgery; ESC =
European Society of Cardiology; LAD = left anterior descending coronary artery; LDL-C = low-density lipoprotein cholesterol; NOAC = non-vitamin K antagonist oral anticoa-
gulant; PCl = percutaneous coronary intervention; SBP = systolic blood pressure; SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac
Surgery; T2DM = type 2 diabetes mellitus; VKA = vitamin K antagonist.

Management of arrhythmias

©ESC 2019
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Table4 New recommendations in the 2019 Guidelines

CV risk assessment

Carotid or femoral ultrasound should be considered for plaque detection as CV risk modifier

Prevention of CVD

Glycaemic control

Use of self-monitoring of blood glucose should be considered to facilitate optimal glycaemic control in T2DM

BP management

Home BP self-monitoring should be considered in patients with DM
24 h ABPM should be considered for BP assessment, and adjustment of antihypertensive treatment

Dyslipidaemia
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Antiplatelet and antithrombotic drugs

Prolongation of DAPT beyond 12 months should be considered for <3 years in patients with DM at very high risk who have tolerated DAPT without
major bleeding complications

Glucose-lowering treatment

Revascularization

Treatment of HF in DM

Ivabradine should be considered in patients with HF and DM in sinus rhythm, and with a resting heart rate >70 b.p.m. if symptomatic despite full HF treatment

DM treatment to reduce HF risk

Metformin should be considered in patients with DM and HF if eGFR >30 mL/min/1.73 m?

Continued
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Management of arrhythmias

Attempts to diagnose structural heart disease should be considered in patients with DM with frequent premature ventricular contractions

Hypoglycaemia should be avoided as it can trigger arrhythmias

Diagnosis and management of PAD

Low-dose rivaroxaban 2.5 mg b.i.d. plus aspirin 100 mg o.d. may be considered in patients with DM and symptomatic LEAD

Management of CKD

SGLT2 inhibitors are recommended to reduce progression of diabetic kidney disease

©ESC 2019

la lla

l1b

ABI = ankle—brachial index; ABPM = ambulatory blood pressure monitoring; ACEl = angiotensin-converting enzyme inhibitor; b.i.d. = twice daily (bis in die); b.p.m. = beats
per minute; CABG = coronary artery bypass graft; CAC = coronary artery calcium; CAD = coronary artery disease; CKD = chronic kidney disease; CRT = cardiac resynchroni-
zation therapy; CRT-D = cardiac resynchronization therapy with an implantable defibrillator; CT = computed tomography; CV = cardiovascular; CVD = cardiovascular
disease; DAPT = dual antiplatelet therapy; DM = diabetes mellitus; DPP4 = dipeptidyl peptidase-4; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate;
GLP1-RA = glucagon-like peptide-1 receptor agonist; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter defibrillator;
LEAD = lower extremity artery disease; MRA = mineralocorticoid receptor agonist; o.d. = once daily (omni die); PAD = peripheral arterial disease; PCSK9 = proprotein con-
vertase subtilisin/kexin type 9; RAAS = renin—angiotensin—aldosterone system; SGLT2 = sodium-glucose co-transporter-2; T1DM = type 1 diabetes mellitus T2DM = type 2

diabetes mellitus.

Table 5 Revised concepts in the 2019 Guidelines

Risk assessment in DM and pre-DM

Classification of CV risk (moderate-to-very high risk) adapted from the
2016 ESC Guidelines on CVD prevention in clinical practice to the DM
setting (see section 5.2)

Lifestyle

Moderate alcohol intake should not be promoted as a means to protect
against CVD

BP control

Detailed recommendations for individualized BP targets are now
provided

Glucose-lowering treatment (a paradigm shift after recent
CVOTs)

For the first time, we have evidence from several CVOTs that indicate
CV benefits from the use of SGLT2 inhibitors and GLP1-RAs in patients
with CVD, or at very high/high CV risk

Revascularization

The recommendations have been extended following the addition of sev-
eral RCTs, and the choice between CABG and PCl depends on the com-
plexity of the CAD

HF

Treatment recommendations have been updated following positive
results from CVOTs

PAD

New evidence on diagnostic methods and management

CKD

A CKD classification by eGFR and albuminuria is presented to stratify
severity of disease and guide treatment

BP = blood pressure; CABG = coronary artery bypass graft; CAD = coronary
artery disease; CKD = chronic kidney disease; CV = cardiovascular; CVD = cardio-
vascular disease; CVOT = cardiovascular outcome trial; eGFR = estimated glomeru-
lar filtration rate; ESC = European Society of Cardiology; GLP1-RA = glucagon-like
peptide-1 receptor agonist; HF = heart failure; PAD = peripheral arterial disease;
PCI = percutaneous coronary intervention; RCT = randomized controlled trial.

©ESC 2019

4 Diagnosis of diabetes and
pre-diabetes

Key messages

e DM should be investigated using fasting plasma glucose (FPG)
or haemoglobin A1c (HbA1c).

e An oral glucose tolerance test (OGTT) is necessary to diag-
nose impaired glucose tolerance (IGT).

e Individuals with established CVD should be screened using
HbA1c and/or fasting glucose; an OGTT can be carried out if
FPG and HbA1c are inconclusive.

The classification of DM and pre-DM [impaired fasting glycaemia
(IFG) and IGT] is based on recommendations from the World
Health Organization (WHO) and the ADA> > IFG and IGT, referred
to as pre-DM, reflect the natural history of progression from normo-
glycaemia to T2DM. It is common for such individuals to oscillate
between different glycaemic states, and this needs to be considered
when investigations are being carried out. Different methods may be
used as a diagnostic test for DM and pre-DM (Table 6).> >

Although the WHO and ADA diagnostic criteria are clear, there
are practical considerations when choosing a method to diagnose
DM. In accordance with other ESC Guidelines accepting non-fasting
lipids in risk scoring, most patients can have DM assessment by HbA1c
at any time of day. However, there are limitations with HbA1c to be
considered, such as interference as a result of haemoglobin variants,
anaemia, and availability in different parts of the world.

It is recommended that diagnosis of DM is based on HbA1c or
FPG, and on OGTT if still in doubt. Repeat testing is advisable to con-
firm the diagnosis. In patients with CVD, the methods employed for
the diagnosis of DM and pre-DM are essentially the same: glucose
testing with HbA1c and/or FPG first, and if inconclusive, an
OGTT,* "8 which is the only means of diagnosing IGT. The high prev-
alence of glucose abnormalities in this setting is well established. In
the Glucose Abnormalities in Patients with Myocardial Infarction
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Table 6 Diagnostic criteria for diabetes mellitus and
pre-diabetes according to the 2006/2011 World Health
Organization and 2019 American Diabetes Association

recommendations
Diagnosis/ WHO 2006°/2011* ADA 2019°
measurement
DM
Can be used Recommended
HbA1c If measured, >6.5% >6.5% (48 mmol/mol)
(48 mmol/mol)
Recommended
FPG >7.0 mmol/L >7.0 mmol/L
(126 mg/dL) (126 mg/dL)
or or
2hPG >11.1 mmol/L >11.1 mmol/L
(>200 mg/dL) (>200 mg/dL)
RPG Symptoms plus Symptoms plus
>11.1 mmol/L >11.1 mmol/L
(>200 mg/dL) (>200 mg/dL)
IGT
FPG <7.0 mmol/L <7.0 mmol/L
(<126 mg/dL) (<126 mg/dL)
2hPG >7.8 to <11.1 mmol/L >7.8 to <11.0 mmol/L
(>140—200 mg/dL) (>140—199 mg/dL)
IFG
FPG 6.1—6.9 mmol/L 5.6—6.9 mmol/L %
(110—125 mg/dL) (100—125 mg/dL) ﬁ
2hPG <7.8 mmol/L <7.8 mmol/L P
(<140 mg/dL) (<140 mg/dL)

2hPG = 2 h plasma glucose; ADA = American Diabetes Association; DM = diabe-
tes mellitus; FPG = fasting plasma glucose; IFG = impaired fasting glycaemia;
IGT = impaired glucose tolerance; HbA1c = haemoglobin Alc; RPG = random

plasma glucose; WHO = World Health Organization.

(GAMI) study, OGTTs revealed that two-thirds of patients without
DM had newly detected DM or pre—Dl"I.9 The Euro Heart Survey on
Diabetes and the Heart'® and EUROASPIRE IV'" demonstrated that
an OGTT may diagnose a greater proportion of patients with CVD
as having glucose abnormalities than FPG or HbA1c. Similar findings
have been reported in patients admitted for coronary angiography.12
In acute coronary syndromes (ACS), the OGTT should not be per-

formed earlier than 4—5 days, to minimize false-positive results.'*"*

Gaps in the evidence

e Measurement of glycaemia at 1 h instead of 2 h during an
OGTT for the diagnosis of pre-DM and DM needs validation.

e Further work needs to be carried out to establish the effects
of sex, ethnicity, and age on diagnostic criteria.

e Direct comparison of the predictive abilities of HbATc- vs.
OGTT-derived measures for hard outcomes in people with
CVD.

5 Cardiovascular risk assessment
in patients with diabetes and pre-
diabetes

Key messages

e Routine assessment of microalbuminuria should be carried
out to identify patients at risk of developing renal dysfunction
and/or CVD.

e A resting electrocardiogram (ECG) is indicated in patients
with DM and hypertension, or if CVD is suspected.

e Other tests, such as transthoracic echocardiography, coro-
nary artery calcium (CAC) score, and ankle—brachial index
(ABI), may be considered to test for structural heart disease
or as risk modifiers in those at moderate or high risk of
CVD.

e Routine assessment of novel biomarkers is not recom-
mended for CV risk stratification.

5.1 Diabetes, pre-diabetes, and cardiovas-
cular risk

The Emerging Risk Factor Collaboration, a meta-analysis of 102 pro-
spective studies, showed that DM in general (data on DM type were
unavailable) confers a two-fold excess risk of vascular outcomes
(coronary heart disease, ischaemic stroke, and vascular deaths), inde-
pendent of other risk factors (Figure 1).23 The excess relative risk of
vascular events with DM was greater in women and at younger ages.
Both relative and absolute risk levels will be higher in those with

Recommendations for the diagnosis of disorders of glucose metabolism

Recommendations

It is recommended that screening for potential T2DM in patients with CVD is initiated with HbA1c and FPG, and that an

OGTT is added if HbA1c and FPG are inconclusive.>~'®

It is recommended that an OGTT is used for the diagnosis of IGT.>~*1¢~22

It is recommended that the diagnosis of DM is based on HbA1c and/or FPG, or on an OGTT if still in doubt.

Class® Level®

1-49,10,16—22

-]
©ESC 2019

CVD = cardiovascular disease; DM = diabetes mellitus; FPG = fasting plasma glucose; HbA1c = haemoglobin Alc; IGT = impaired glucose tolerance; OGTT = oral glucose tol-

erance test; T2DM = type 2 diabetes mellitus.
?Class of recommendation.
®Level of evidence.
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Number HR (95% Cl) 1 (95% Cl)
of cases
Coronary heart disease* 26 505 —— 2.00 (1.83-2.19) 64 (54-71)
Coronary death 11556 —a— 2.31 (2.05-2.60) 41 (24-54)
Non-fatal myocardial infarction 14 741 —— 1.82 (1.64-2.03) 37 (19-51)
Stroke subtypes*
Ischaemic stroke 3799 —a— 2.27 (1.95-2.65) | (0-20)
Haemorrhagic stroke 1183 _— 1.56 (1.19-2.05) 0 (0-26)
Unclassified stroke 4973 —— 1.84 (1.59-2.13) 33 (12-48)
Other vascular deaths 3826 —— 1.73 (1.51-1.98) 0 (0-26)
o
T 1 S
2 4 %)
(%]
w
©

Figure 1 Hazard ratios for vascular outcomes in people with vs. without diabetes mellitus at baseline, based on analyses of 530 083 patients.
Reproduced with permission.”® Hazard ratios were adjusted for age, smoking status, body mass index, and systolic blood pressure, and—where appropri-
ate—stratified by sex and trial arm. The 208 coronary heart disease outcomes that contributed to the grand total could not contribute to the subtotals of
coronary death or non-fatal myocardial infarction because there were <11 cases of these coronary disease subtypes in some studies. Cl = confidence

interval; HR = hazard ratio. ®Includes fatal and non-fatal events.

long-standing DM and microvascular complications, including
renal disease or proteinuria. The Swedish National Diabetes Register
has provided important insights into the prevalence of CVD and
CV death in both type 1 DM (T1DM)** and T2DM.* For T1DM,
27 195 subjects were stratified by age and sex. Early onset at 1-10
years of age was associated with a hazard ratio (HR) of 7.38 for CV
mortality, 30.95 for acute myocardial infarction (MI), and 12.9 for
heart failure (HF). The corresponding figures for T1DM onset
between the ages of 26 and 30 years were 3.64, 5.77, and 5.07,
respectively. Development of T1DM between 1—10 years of
age resulted in loss of 17.7 years of life in women and 14.2 years in
men?* For T2DM, a huge cohort of 435 369 patients was
matched with controls and followed for 4.6 years. CVD mortality
was 17.15/1000 patient-years for T2DM and 12.86/1000 patient-
years for controls. In this cohort, age at DM diagnosis, glycaemic con-
trol, and renal complications were the major determinants of out-
come.>>%¢ Although T2DM is far more common than T1DM, these
results confirm the loss of years of life in both populations, which is
particularly severe in the young in general and perhaps in young-
onset female individuals with T1DM, emphasizing the need for inten-
sive risk-factor management in these groups. In this document, we
will be referring mostly to DM; this can be taken as relating to both
types of DM unless otherwise specified.

The elevated risk of coronary artery disease (CAD) starts at glu-
cose levels below the cut-off point for DM (<7 mmol/L), and
increases with increasing glucose levels (Figure 2).

5.2 Stratification of cardiovascular risk in
individuals with diabetes

As outlined in the 2016 European Guidelines on cardiovascular dis-
ease prevention in clinical practice,”’ individuals with DM and CVD,

or DM with target organ damage, such as proteinuria or kidney failure
[estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m?],
are at very high risk (10 year risk of CVD death >10%). Patients with
DM with three or more major risk factors, or with a DM duration of
>20 years, are also at very high risk. Furthermore, as indicated in sec-
tion 5.1, T1IDM at the age of 40 years with early onset (i.e. 1-10 years
of age) and particularly in female individuals is associated with very
high CV risk.** Most others with DM are high risk (10 year risk of
CVD death 5 - 10%), with the exception of young patients (aged <35
years) with T1DM of short duration (<10 years), and patients with
T2DM aged <50 years with a DM duration of <10 years and without
major risk factors, who are at moderate risk. The classification of risk
level applied in these Guidelines is presented in Table 7. When DM is
present, female sex is not protective against premature CVD, as seen

in the general population.”®*’

5.3 Stratification of cardiovascular risk in

individuals with pre-diabetes

Individuals without CVD who have pre-DM are not necessarily at
elevated CV risk,>*° but warrant risk scoring for CVD in the same
way as the general population.

5.4 Clinical assessment of cardiovascular

damage

5.4.1 Biomarkers

The addition of circulating biomarkers for CV risk assessment has
limited clinical value.®” In patients with DM without known CVD,
measurement of C-reactive protein or fibrinogen (inflammatory
markers) provides minor incremental value to current risk assess-
ment." High-sensitivity cardiac troponin T (hsTnT)-estimated 10
year CV mortality for individuals with undetectable (<3 ng/L), low

610z 1snBny ¢ uo 1sanb Aq 0689555/98ZYs/Mieayina/c60 L 01 /10p/10BSqe-jonie-a0ueApe/fieayina/wod dno olwapeoe//:sdny woJlj papeojumoq



14

ESC Guidelines

Fasting blood glucose Number of Number HR (95% Cl)
concentration participants (%) of cases
Known diabetes at baseline
>7 mmol/L 13 122 (4.7%) | 186 —a— 2.36 (2.02-2.76)
<7 mmol/L 5807 (2.1%) 380 —a— 1.61 (1.42-1.82)
No known diabetes at baseline
>7 mmol/L 7 240 (2.6%) 452 —a— 1.78 (1.56-2.03)
6.1 to <7 mmol/L 19 607 (7.0%) 10l - 1.17 (1.08-1.26)
5.6 to <6.1 mmol/L 32008 (11.5%) | 631 - 1.1 (1.04-1.18)
3.9 to <5.6 mmol/L* 185 590 (66.5%) 9508 —J- 1.00 (0.95-1.06)
<3.9 mmol/L 15916 (5.7%) 646  —tm— 1.07 (0.97-1.18)
o
S
T T 1 AN
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Figure 2 Hazard ratios for coronary heart disease by clinically defined categories of baseline fasting blood glucose concentration. Reproduced with per-
mission.”> Analyses were based on 279 290 participants (14 814 cases). Hazard ratios were adjusted as described in Figure 1. The hazard ratio in those with
fasting plasma glucose 5.60—6.99 mmol/L was 1.12 (95% confidence interval 1.06—1.18). Cl = confidence interval; HR = hazard ratio. aReference group.

Table 7 Cardiovascular risk categories in patients with
diabetes®

Patients with DM and established CVD
or other target organ damageb

Very high risk

or three or more major risk factors®

or early onset T1DM of long duration (>20 years)
Patients with DM duration >10 years without tar-
get organ damage plus any other additional risk
factor

Young patients (T1DM aged <35 years or T2DM
aged <50 years) with DM duration <10 years,

Moderate risk

without other risk factors

CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus;
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

“Modified from the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice.”’

®Proteinuria, renal impairment defined as eGFR >30 mL/min/1.73 m?, left ventric-
ular hypertrophy, or retinopathy.

“Age, hypertension, dyslipidemia, smoking, obesity.

detectable (3—14 ng/L), and increased (>14 ng/L) levels was 4, 18,
and 39%, respec‘cively.32 However, the addition of hsTnT to conven-
tional risk factors has not shown incremental discriminative power in
this group.”? In individuals with T1DM, elevated hsTnT was an inde-
pendent predictor of renal decline and CV events.*® The prognostic
value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) in
an unselected cohort of people with DM (including known CVD)
showed that patients with low levels of NT-proBNP (<125 pg/mL)
have an excellent short-term prognosis.** The value of NT-proBNP
in identifying patients with DM who will benefit from intensified con-
trol of CV risk factors (CVRFs) was demonstrated in a small random-
ized controlled trial (RCT).2" The presence of albuminuria (30—299

©ESC 2019

mg/day) is associated with increased risk of CVD and chronic kidney
disease (CKD) in T1DM and T2DM.2%* =37 Measurement of albumi-
nuria may predict kidney dysfunction and warrant renoprotective
interventions.”’

5.4.2 Electrocardiography

A resting ECG may detect silent Ml in 4% of individuals with DM,*®
which has been associated with increased risk of CVD and all-cause
mortality in men but not women.>® Additionally, prolonged cor-
rected QT interval is associated with increased CV mortality in
T1DM, whereas increasing resting heart rate is associated with risk of
CVD in TIDM and T2DM.***! Low heart rate variability (a marker of
diabetic CV autonomic neuropathy) has been associated with an
increased risk of fatal and non-fatal CAD.***? In prospective cohorts,
20—40% of patients with DM presented silent ST-segment depres-
sion during exercise ECG.**~*® The sensitivity and specificity of exer-
cise ECG in diagnosing significant CAD in asymptomatic DM patients
were 47 and 81%, respectively.*’ The combination of exercise ECG
and an imaging technique provides incremental diagnostic and prog-

nostic value patients with in DM.>°~>2

5.4.3 Imaging techniques

Echocardiography is the first choice to evaluate structural and func-
tional abnormalities associated with DM. Increased left ventricular
(LV) mass, diastolic dysfunction, and impaired LV deformation have
been reported in asymptomatic DM and are associated with worse
prognosis.”>~>° A cluster analysis from two large cohorts of asymp-
tomatic patients with DM showed that those with the lowest LV
masses, smallest left atria, and lowest LV filling pressures (determined
by E/e’) had fewer CV hospitalization or death events, compared
with those with advanced LV systolic and diastolic dysfunctions, or
greater LV masses.>*® CV magnetic resonance and tissue
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characterization techniques have shown that patients with DM with-
out CAD have diffuse myocardial fibrosis as the mechanism of LV sys-
tolic and diastolic dysfunction.ss"r’s‘59 However, the value of these
advanced imaging techniques in routine practice has not yet been
demonstrated.

Screening for asymptomatic CAD in patients with DM remains
controversial. With computed tomography (CT), non-invasive esti-
mation of the atherosclerotic burden (based on the CAC score) and
identification of atherosclerotic plaques causing significant coronary
stenosis [CT coronary angiography (CTCA)] can be performed. The
presence of plaques on carotid ultrasound has been associated with
increased CV events in subjects with DM.50=¢2 | addition, patients
with DM have a higher prevalence of coronary artery calcification
compared with age- and sex-matched subjects without DM.®* While

Table 8 Overview of randomized controlled trials

Study/author Faglia et al.*’ DIAD®®

Year of publication 2005 2009

Patients (n) 141 (+1)? 1123

Inclusion criteria T2DM T2DM
45—76 years 50—75 years
>? other CVRFs

Mean age (years) 60.1 60.8

Male sex (%) 55.6 535

Screening test EET and SE MPI

Positive screening test (%) 21.1 5.9 moderate or

large defects

Treatment strategy ICA and cardiac fol- At the referring
low-up if any test physician’s
was positive discretion

ICA performed after 93.3 152

positive test (%)

Mean follow-up (years) 4.5 4.8

Annual rate of major CEs (%) 1.9 0.6

Main results of screening Significant | of major

and all CEs major CEs

Reproduced/adapted with permission.

Non-significant | of

a CAC score of 0 is associated with favourable prognosis in asympto-
matic subjects with DM, each increment in CAC score (from 1-99
to 100-399 and >