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decreased myocardial performance.
In patients with non-ST segment elevation myocardial infarction

(NSTEMI), coronary angiography and revascularization are recom-
mended in the presence of T2DM.7 In these patients, if there is stabilized
multivessel disease and an acceptable surgical risk exists, coronary
artery bypass grafting (CABG) is recommended over percutaneous
coronary intervention (PCI).7 In cases when PCI is performed, new-
generation drug-eluting stents are preferred over bare-metal stents.7

With regard to glycemic control, insulin is the treatment of choice
during hospitalization for ACS, initially administered intravenously and
then subcutaneously when the acute critical phase of the ACS resolves.2,5

In the long-term, since glycatedhemoglobinA1c is positively related to all-
cause mortality, optimal glycemic control should be attained to improve

survival. In this context, and according to current (2019) guidelines,
T2DM patients with a history of ACS should be treated, apart from
The prevalence of type 2 diabetes mellitus (T2DM) in acute coronary

metformin, with antidiabetic drugs with proven cardiovascular (CV)
syndrome (ACS) patients (ranging from 20 to 40%) is increasing, follow-
ing the T2DM epidemic and the improved survival of T2DM patients.1,2

T2DMhas been linked both to an increased ACS incidence andmortality.3

Furthermore, T2DM significantly raises the risk for future major adverse
cardiac events in ACS patients.4 Hyperglycemia during hospitalization
for ACS is recognized as a strong predictor of worse outcomes, even in
the absence of DM.5 Of note, undiagnosed T2DM patients may present
with an ACS; the role of cardiologists, being aware of the increased
prevalence of T2DM in the setting of an ACS, is important to ensure
early T2DM diagnosis in these very-high risk patients.

Several mechanisms may be involved in the association between
T2DM and ACS morbidity and mortality, including hyperglycemia-
induced cardiac myocyte death and vascular damage via the protein
kinase C, the advanced glycation end products, the polyol and the
hexosamine pathways, as well as oxidative stress, inflammation, endo-
thelial and platelet activation.3,5 These pathophysiogical processes can
impair left ventricular function and cardiac perfusion, as well as
conferences and participated in
ringer Ingelheim, Mylan, Novo
nded conferences sponsored by

al Medicine, AHEPA University
ki, Greece.
6

2,8

benefits, i.e. sodium-glucose co-transporter 2 (SGLT2i) or glucagon-like
peptide-1 receptor agonist (GLP-1 RA).9 Among SGLT2i, empagliflozin
was shown to decrease the composite of MI, stroke and CV mortality, as
well as hospitalization for heart failure (HF) in T2DM patients with
established CV disease in the Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus Patients (EMPAREG-OUTCOME)
(n = 7020).10 Similar results were observed with canagliflozin in the
Canagliflozin Cardiovascular Assessment Study (CANVAS) trials in
T2DM patients (n = 10,142) with established CV disease (65.6%) or
multiple CV risk factors.11 Current guidelines mention that evidence is
modestly stronger for empagliflozin than canagliflozin.9 Furthermore,
only empagliflozin significantly reduced CV and all-cause death,10

whereas canagliflozin led to a doubled risk of amputations and an in-
creased risk of fractures,11 thus limiting its clinical use. These adverse
events were not observed with empagliflozin treatment.10,12

Although not included in the guidelines,9 dapagliflozin was shown to
significantly decrease HF hospitalization in T2DM patients (n= 17,160)
with established CV disease or multiple CV risk factors (59.4%) in the
Dapagliflozin Effect on Cardio-vascular Events-Thrombolysis in Myocar-
dial Infarction 58 (DECLARE-TIMI 58).13 The composite endpoint of MI,
stroke and CV death, as well as all-cause and CV mortality did not differ
between dapagliflozin and placebo groups in patients with established
CV disease or multiple risk factors.13 No safety issues in terms of amputa-
tions and fractures were observed with dapagliflozin.13 Thus, SGLT2i-
induced risk of amputations may only be related to canagliflozin use
and not to empagliflozin or dapagliflozin.14 Of note, in a subanalysis of
the DECLARE-TIMI 58 trial, dapagliflozin was shown to significantly
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decrease the primary endpoint of CV death, MI or ischemic stroke in pa-
tientswith priorMI (but not in thosewithout a history ofMI).15 This ben-
efit wasmainly driven by reductions in the rates of recurrentMI, whereas
stroke and CVmortality (as well as CHD and all-cause death) did not sig-
nificantly differ between the dapagliflozin and placebo group. In another
subanalysis of this study, dapagliflozin significantly decreased HF hospi-
talization in patients with and without HF with reduced ejection fraction
(HFrEF); CV and total mortality were reduced only in patients with
HFrEF.16 It should be noted that, in the EMPAREG-OUTCOME trial,
empagliflozin decreased HF hospitalization and CVmortality consistently
in patients with andwithout HF at baseline.17 Similarly, the reductions in
the rates of the 3-point major adverse cardiac events (MACE) (i.e. MI,
stroke and CV death), HF hospitalization, CV and all-cause mortality
were consistent in patientswith andwithout a prior stroke,MI, peripheral
artery disease (PAD) or CABG.18–20 Furthermore, empagliflozin-induced
decrease in CV death was consistent across different types of CV disease
(i.e. single and multivessel coronary artery disease, stroke, HF, PAD, MI,
atrial fibrillation and CABG).21 Interestingly, in the EMPAREG-OUTCOME
trial, T2DM patients with left ventricular hypertrophy (LVH) benefited
significantly more in terms of the 3-point MACE compared with those
without LVH, whereas reductions in CV and all-cause mortality were
similar, irrespective of the presence or absence of LVH at baseline.22 A
small (n = 20 T2DM patients, 24% had known CV disease) recent study
reported that LV end diastolic volume (assessed by magnetic resonance
imaging) was significantly decreased by empagliflozin at 6 months.23 A
previous study (n= 10 T2DM patients with known CV disease) showed
that empagliflozin significantly reduced LV mass index at 3 months.24

According to these findings, empagliflozin seems to be able to also affect
cardiac remodeling.

Among GLP-1 RAs, only liraglutide, semaglutide and albiglutide were
reported to significantly reduce the composite of CV morbidity and
mortality (but not HF hospitalization) in the Liraglutide Effect and Action
in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER),25

the Trial to Evaluate Cardiovascular and Other Long-term Outcomes
with Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6)26

and the Albiglutide and cardiovascular outcomes in patients with type 2
diabetes and cardiovascular disease (HARMONY) trials,27 respectively.
These CV benefits were largely driven by significant reductions in CV
and total mortality for liraglutide, stroke for semaglutide and myocardial
infarction (MI) for albiglutide. Of note, the CV effects of lixisenatide
(a GLP-1 RA) and alogliptin (a dipeptidyl peptidase-4 inhibitor) were
evaluated in T2DM patients post-ACS (within the previous 180 and 15–
90 days, respectively) in the Evaluation of Lixisenatide in Acute Coronary
Syndrome (ELIXA)28 and the Examination of Cardiovascular Outcomes
with Alogliptin versus Standard of Care (EXAMINE) trials,29 respectively,
with neutral results.

Overall, the majority of the abovementioned CV outcome trials with
SGLT2i or GLP-1 RA (such as the EMPAREG-OUTCOME10, CANVAS11,
DECLARE-TIMI 5813, LEADER25, SUSTAIN-626 and HARMONY27 trials)
did not involve ACS patients. Only the ELIXA28 and the EXAMINE29 trials
included post-ACS T2DM patients, reporting no CV benefits. Further-
more, asmentioned previously, insulin is the treatment of choice during
hospitalization for ACS; thus, SGLT2i or GLP-1 RA, as well as other oral
antidiabetic drugs may be discontinued in T2DM patients that present
with an ACS and replaced by insulin therapy during hospital stay.
After discharge, empagliflozin should be preferably initiated, along
with liraglutide, if needed (based on current guidelines9 and since
these drugs were shown to significantly improve outcomes and be
safe).

Contrast-induced acute kidney injury (CI-AKI) could occur following
coronary angiography/PCI, thus predisposing to prolonged hospital stay
and increased CV and renalmorbidity, aswell as all-cause death, even in
the long-term (data available up to 4 years).30–34 Strategies preventing
CI-AKI include hydration, antihypertensive drugs [loop diuretics,
angiotensin-converting enzyme inhibitors (ACEi)], statins, adenosine
antagonists,N-acetylcysteine, vitamin C, alprostadil and nicorandil.35–38
In T2DM patients already on metformin and SGLT2i, renal function
should be carefully monitored for at least 3 days following coronary an-
giography/PCI).39 If estimated glomerular filtration (eGFR) decreases to
b45ml/min per 1.73m2, treatmentwith SGLT2i should be discontinued
andmetformin should be given at a half dose (and discontinued if eGFR
falls b30 ml/min per 1.73 m2)). 9 After restoration of kidney function,
metformin and SGLT2i could be re-administered.

With regard to antiplatelet drugs, more potent P2Y12 receptor
antagonists (i.e. prasugrel or ticagrelor) are preferred compared with
clopidogrel in T2DM patients, since they exert higher absolute risk
reductions in these patients).39 In this context, current (2019) guidelines
recommend the use of a P2Y12 receptor antagonist (ticagrelor, if PCI is
not performed, ticagrelor or prasugrel if PCI is performed) combined
with aspirin for at least 12 months following an ACS in T2DM patients.9

In this context, a recent meta-analysis showed that ticagrelor and
prasugrel exerted similar efficacy and safety in T2DM patients
undergoing PCI.40 However, in a substudy of the REgistry of New
Antiplatelets in patientswithMyocardial Infarction (RENAMI), ticagrelor
therapy was related to significantly lower risks of total mortality and
bleeding compared with prasugrel in T2DM patients after an ACS).41

Current guidelines recommend that a lipid profile is obtained as
soon as possible in all patients, including those with T2DM, presenting
with an ACS such as a ST-segment elevation MI (STEMI)). 39 High-
intensity statin therapy (i.e. rosuvastatin 20–40 mg or atorvastatin
40–80 mg) should be initiated as early as possible and maintained
thereafter).42 In these patients, the low-density lipoprotein cholesterol
(LDL-C) goal is b70 mg/dl or a 50% (at least) reduction if baseline
LDL-C is between 70 and 135 mg/dl according to the European Society
of Cardiology (ESC) guidelines.39 The American Diabetes Association
(ADA) also recommends the use of a high-intensity statin in T2DM pa-
tients with established CV disease).9 Of note, the American Association
of Clinical Endocrinologists (AACE) suggests that LDL-C target should be
b55 mg/dl in patients at extreme CV risk such as those with T2DM and
established CV disease43.

Both the ESC and ADA recommend that, if LDL-C remains ≥70 mg/dl,
despite maximally tolerated statin therapy, ezetimibe or a proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitor should be added.9

In this context, ezetimibe added to simvastatin was shown to signifi-
cantly reduce the primary endpoint of CV death, nonfatal MI, nonfatal
stroke, unstable angina requiring rehospitalization and coronary revascu-
larization (≥30 days after randomization) compared with simvastatin
monotherapy in patients after an ACS in the Improved Reduction of
Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT).44 This
benefit (median follow-up 6 years) was mainly attributed to significant
decreases in the rates of anyMI and ischemic stroke. A secondary analysis
of the IMPROVE-IT trial showed that these CV benefits were consistent in
patients with and without T2DM and/or polyvascular disease, with even
greater absolute risk reductions in these subgroups of patients.45

Evolocumab and alirocumab are the 2 commercially available
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors.
Evolocumab significantly lowered the risk of the composite of CV mor-
tality, MI or stroke (± coronary revascularization or hospitalization for
unstable angina) in statin-treated patients with established CV disease
in the Further Cardiovascular Outcomes Researchwith PCSK9 Inhibition
in Subjects with Elevated Risk (FOURIER) trial.46 A prespecified analysis
of the FOURIER trial showed that these benefits were consistent in pa-
tients with and without T2DM.47 Similarly, alirocumab significantly
lowered the risk of MI, stroke, CVmortality or unstable angina requiring
hospitalization in patients with an ACS in the ODYSSEY trial, especially
those with baseline LDL-C ≥100 mg/dl.48 All-cause death was also
significantly decreased by alirocumab. These results were consistent in
all prespecified subgroup analyses.

According to current ESC guidelines, it is recommended that therapy
with angiotensin converting enzyme inhibitor (ACEi) should be initiated
in T2DM patients within 24 h of a STEMI.39 If patients are intolerant to
ACEi, angiotensin II receptor blockers (ARBs) should be administered,
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preferably valsartan. Beta-blockers should be given to all patients
following a STEMI, whereas mineralocorticoid receptor antagonists
are recommended in those with left ventricular ejection fraction ≤40%
and heart failure (HF) or T2DM already taking ACEi and beta-blockers
(provided there are no contra-indications, such as renal failure or
hyperkalemia).39 Early initiation of beta-blockers is also recommended
in patientswith non-STEMI (NSTEMI) and ongoing ischemic symptoms.7

Overall, T2DMpatientswithACS are at an increasedCV risk and should
be adequately treated with antidiabetic, antiplatelet, hypolipidemic
and antihypertensive drugs. Lifestyle interventions, including smoking
cessation, diet and physical exercise, should also be implemented in ACS
patients with or without T2DM to maximize CV risk reduction.39
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