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Introduction

From 1990 to 2013, the estimated number of years of life 
lost due to diabetes has increased more than 50% glob-
ally, while over the same period, the total number of 
years of life lost due to any cause has decreased by 
approximately 16%.1

The age-standardized incidence rate of first coronary 
heart disease (CHD) is significantly higher in patients with 
than in patients without type 2 diabetes.2 Comorbidities 
such as chronic kidney disease (CKD) further increase the 
risk of cardiovascular disease (CVD) in patients with dia-
betes, with the prevalence of CHD being 31.6% in patients 
with non-albuminuric stage 3 CKD and 44.8% in those 
with albuminuric stage 3 CKD.3 In men and women hospi-
talized with an acute myocardial infarction (AMI), diabe-
tes is an important comorbidity.4 Between 1999 and 2011, 
the prevalence of diabetes in patients with AMI, unstable 
angina (UA), heart failure (HF) or ischemic stroke has pro-
gressively increased.5 Among patients undergoing percu-
taneous coronary intervention (PCI) for ST-segment 

elevation myocardial infarction (STEMI), 25% had a his-
tory of diabetes, almost 10% had previously undiagnosed 
diabetes, and 38.7% had pre-diabetes.6 Among patients 
admitted to an intensive coronary care unit (ICU), 22% 
had a clinical diagnosis of diabetes. Compared with 
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patients without diabetes, they are older, are more fre-
quently female, have a worse coronary risk profile and 
have unfavourable clinical presentation.7 Based on a US 
registry, nearly 7 out of 10 patients admitted to an ICU had 
dysglycemia, 38% had diabetes and 31% had impaired 
glucose tolerance (IGT).8 The Organization to Assess 
Strategies for Ischemic Syndromes (OASIS) registry 
showed that among patients hospitalized with UA or non-
Q-wave AMI, 21% had diabetes.9 In this cohort, diabetes 
was an independent predictor of mortality [relative risk 
(RR) = 1.57; 95% confidence interval (CI) = 1.38–1.81; 
p <0.001], cardiovascular (CV) death, new myocardial 
infarction (MI), stroke and new congestive HF. Finally, 
short- and long-term outcomes after an AMI are worse for 
patients with than for those without diabetes, and undiag-
nosed diabetes is associated with greater 30-day mortality 
after AMI.10 This greater propensity of undiagnosed diabe-
tes to worsen outcomes has several explanations, the most 
important being that these patients are not treated before 
admission: this is reflected by a worse effect of prior 
hyperglycemia on coronary circulation, by the presence of 
a stronger likelihood of having more severe and extensive 
CHD and by the poorer profiles for CV and metabolic 
markers than known diabetes.11,12 Several pathophysiolog-
ical mechanisms account for the negative effect of diabetes 
both on coronary circulation and myocardial tissue: altera-
tions in sodium handling and the consequent volume 
expansion, release of pro-inflammatory cytokines, 
decreased capillary density, deposition of advanced gly-
cated end-product, derangement in calcium handling and 
chronotropic incompetence.13–15 All these mechanisms 
lead to endothelial dysfunction, congestion, fibrosis and 
poorer post-discharge outcomes.

Diabetes and IGT are strongly associated with CVD. 
Alterations in glucose metabolism are more prevalent in 
subjects with an acute CV event. The incidence of major 
CV events and death has progressively decreased in 
patients with diabetes between 1998 and 2014, yet a sig-
nificant difference exists between patients with and with-
out diabetes.16 A similar trend has been observed in the 
United States.17,18 This reduction in CV morbidity and 
mortality is likely to be attributed, at least in part, to the 
increased use of safer glucose-lowering drugs as well as 
drugs to treat non-glycemic risk factors. However, the 
impact of glycemic control on CV outcomes and the best 
approach to treat hyperglycemia during and following an 
acute CV event remain a matter of debate. Even the latest 
Scientific Statement from the American Heart Association 
published in 200819 and recent guidelines on short- and 
long-term management of hyperglycemia after acute CV 
events20 fail to address this specific topic. Due to this 
uncertainty, we have reviewed the available evidence in an 
attempt to assess the extent to which an evidence-based 
guide for the management of hyperglycemia at the time of 

an acute coronary syndrome (ACS) event can be 
generated.

Methods

A panel of Italian experts was convened to identify major 
questions related to the impact and treatment of hypergly-
cemia at the time of ACS. Five main questions were identi-
fied (vide infra) and a PubMed search was conducted to 
identify relevant studies published in English from 1975 
through 2016 using Boolean search terms combined with 
the following terms for each of the following questions:

Question 1. Are admission glucose and glycated hae-
moglobin (HbA1c) predictors of short- and long-term 
mortality after ACS in patients with known or 
unknown diabetes mellitus? ‘type 2 diabetes’, ‘rand-
omized controlled trial’, ‘fasting glucose’, ‘admis-
sion glucose’, ‘random glucose’, ‘mortality’, ‘acute 
coronary syndrome’, ‘myocardial infarction’ and 
‘revascularization’.

Question 2. Is low blood glucose at admission a nega-
tive prognostic factor in patients with diabetes and 
ACS? all of the terms for Question 1, plus ‘hypoglyce-
mia’ and ‘low blood glucose’.

Question 3. Does in-hospital appropriate glucose con-
trol with insulin improve short- and long-term progno-
sis in patients with diabetes and ACS? all of the terms 
for Question 1, plus ‘insulin’, ‘antidiabetic treatment’ 
and ‘oral antidiabetic agents’.

Question 4. Do glucose-lowering drugs other than insu-
lin improve outcomes in the acute phase of ACS? all of 
the terms for Question 1, plus ‘insulin’, ‘antidiabetic 
treatment’ and ‘oral antidiabetic agents’.

Question 5. Which glucose-lowering medications 
should be used after hospitalization following ACS? all 
of the terms for Question 1, plus ‘post-acute phase’ and 
‘long-term treatment’.

Considering the large number of articles published on 
the topic of ACS in patients either with or without diabe-
tes, the search was focused on randomized controlled trials 
(RCT) only. The studies were assessed first by their titles, 
then by the abstract and followed by full text review. The 
relevant articles were assessed according to eligibility cri-
teria: only RCTs were used because of their higher quality, 
better control, and replicability. Only human studies were 
used. Two of the authors (A.A. and S.G.) independently 
extracted data from eligible articles, recording demograph-
ics, trial characteristics and outcome data. This informa-
tion was subsequently revised and discussed by all authors 
during a face-to-face meeting.
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Results

Question 1: Are admission glucose and glycated 
haemoglobin predictors of short- and long-term 
mortality after ACS in patients with known or 
unknown diabetes mellitus?

In subjects with diabetes, anatomical and functional abnor-
malities affect the coronary circulation. As compared to 
subjects without diabetes, in those with diabetes, athero-
sclerotic plaques have larger necrotic cores, greater degree 
of inflammation, more ruptures and positive remodelling.21 
Along with coronary atherosclerotic lesions, subjects with 
diabetes often have coronary microvessel dysfunction 
yielding altered coronary autoregulation and impaired 
microvascular vasodilatory function.22 Altogether these 
conditions may account for poorer outcome after STEMI. 
More controversial is the role of high glucose at 
admission of a person with diabetes, with some studies 
supporting a worse prognosis23–25 and others reporting no 
association.26–28 However, some studies have shown that 
admission hyperglycemia is a predictor of life-threatening 
complications and mortality in both individuals with and 
without known diabetes.29–31 If a worsening role of admis-
sion hyperglycemia may not be fully endorsed in diabetes, 
this has always been identified as a predictor of poor prog-
nosis in patients with unknown diabetes.32–34 While the 
relationship between blood glucose levels and in-hospital 
mortality in patients with STEMI is linear in patients with-
out diabetes,35,36 no association was reported with fasting 
glucose levels at admission in patients with diabetes and 
CHD, including STEMI and UA.37,38 Some evidence sug-
gests that persistent hyperglycemia is a better indicator of 
prognosis than admission hyperglycemia.39 Glycemic var-
iability during the initial 48-h insulin/glucose infusion 
after a CV event was not associated with 1-year risk of 
death, re-infarction or stroke.40 Peak glycemia in patients 
undergoing PCI was a predictor of early death in patients 
without diabetes though it affects long-term survival in 
patients with and without diabetes.41 In a study of patients 
with STEMI undergoing PCI, admission glucose level was 
a predictor of 30-day mortality, but not late mortality, in 
both patients with and without diabetes.42 Conversely, in 
patients with AMI, admission blood glucose was a predic-
tor of long-term mortality regardless of diabetic status.34,43 
However, normoglycemic patients with STEMI undergo-
ing PCI generally have better outcomes than those with 
known diabetes or newly diagnosed diabetes in terms of 
in-hospital and long-term mortality.6

Although IGT and newly diagnosed diabetes are associ-
ated with increased rates of major adverse CV events 
(MACE) and outcomes,44 admission blood glucose seems 
to be a more accurate predictor of death than previous dia-
betes diagnosis.45 Patients with STEMI undergoing PCI 

with overt or newly diagnosed diabetes have similar in-
hospital and 3-year mortality, though mortality is lower in 
patients with pre-diabetes or no dysglycemia.6 Postprandial 
hyperglycemia appears to be a predictive factor of event-
free survival (CV death, non-fatal MI, non-fatal stroke, 
hospitalization for ACS or coronary revascularization 
planned after randomization) in patients with type 2 diabe-
tes.46 Patients with IGT or newly diagnosed diabetes fol-
lowing MI have an increased incidence of MACE with 
adverse outcomes.44

Conversely, the role of HbA1c in predicting mortality 
after ACS remains uncertain. Two studies reported no 
association between HbA1c and prognosis.47,48 In other 
studies, an increase in HbA1c significantly reduced sur-
vival after AMI. In one study, it was shown that patients 
with newly detected diabetes and HbA1c ⩽ 7.0% had lower 
mortality (6.4%) than those with HbA1c > 7.0% (14.3%; 
p < 0.05); multivariate regression analysis revealed that an 
increased HbA1c was one of the strongest independent risk 
factors of death among both IGT patients [hazard ratio 
(HR) = 2.9; 95% CI = 2.7–3.1; p < 0.001] and newly 
detected diabetes (HR = 1.53; 95% CI = 1.39–1.66; 
p < 0.05).49 In another study, with a follow-up of 1 year, 
mean HbA1c value was significantly higher in the group of 
patients who had complications; logistic regression identi-
fied HbA1c and male sex as independent predictors of 
MACE.37 Similarly, higher levels of follow-up HbA1c are 
associated with increased 12-month MACE rates in 
patients with diabetes and STEMI after reperfusion.50

In conclusion, patients with some form of glucose 
intolerance are at higher risk of mortality after an ACS 
than those with normal glucose tolerance. Admission 
plasma glucose plays a role in predicting adverse events, 
especially in subjects with previously unknown diabetes. 
HbA1c might be a predictor of events in patients with pre-
viously unrecognized diabetes (Table 1). This epidemio-
logic association also recognizes a pathophysiologic 
plausibility as hyperglycemia may impact several pro-
cesses that may be implicated in the worsening or protec-
tion at the time of a CV insult. High glucose can affect, for 
instance, autonomic nervous function as indicated by an 
inverse relationship between plasma glucose levels and 
baroreflex sensitivity66 and the increase in heart rate along 
with QTc elongation under the condition of hyperglyce-
mic clamp.67 Hyperglycemia can increase levels of glu-
cosamine in the endothelial cells with reduced endothelial 
nitric oxide (NO) synthase activity,68 which may account 
for the inhibitory effect of hyperglycemia on flow-medi-
ated vasodilation69 and loss of ischemic precondition-
ing.70 Hyperglycemia, also, through the activation of 
intracellular diacylglycerol, can contribute to activation 
of protein-kinase C and intracellular inflammatory 
response.71 Finally, acute hyperglycemia can activate  
oxidative stress.72
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Table 1. Cardiovascular outcomes in patients with type 2 diabetes.

Publication
Median duration 
of follow-up

Diagnosis Treatment
(N)

All-cause 
mortality
N (%)

CV 
mortality
N (%)

MI
N (%)

Stroke
N (%)

HF
N (%)

CR
N (%)

Hormones
 Horsdal et al.51

NR
T2D, MI INS

(1827)
NR (24.9)a

p = 0.848
NR (40.9)b

p = 0.272

NR (9.7)b

p = 0.148
NR (10.7)b

p = 0.954
 

SU
(2691)

NR (23.0)a

NR (36.0)b
NR (7.9)b NR (9.5)b  

 Andersson 
et al.52

844 days

T2D, HF INS
(3718)

2207 (59)
p = 0.0001

1157 (52)
HR = 1.09

 

SU
(3615)

2344 (65) 1378 (59)  

K-channel blockers
 Horsdal et al.53

NR
T2D, MI GBC

(851)
205 (24.1)a

HR = 1.03
300 (36.7)b

HR = 0.99

72 (8.8)b

HR = 1.25
74 (9.1)b

HR = 1.00
 

GPZ
(426)

109 (25.6)a

HR = 1.08
159 (39.7)b

HR = 1.07

26 (6.5)b

HR = 0.94
32 (8.0)b

HR = 0.94
 

GMP
(752)

142 (18.9)a

HR = 0.98
192 (31.8)b

HR = 0.92

46 (7.6)b

HR = 0.93
64 (10.6)b

HR = 1.20
 

GCZ
(162)

33 (20.4)a

HR = 0.97
37 (26.4)b

HR = 0.70

13 (9.3)b

HR = 1.07
16 (11.4)b

HR = 1.10
 

TBM
(399)

103 (25.8)a

153 (40.7)b
29 (7.7)b 34 (9.0)b  

 Zeller et al.54

NR
T2D, MI SU prior to MI

(459)
18 (3.9)
p = 0.014

15 (3.3)
p = 0.721

3 (0.7)
p = 0.579

 

Comparators
(851)

69 (8.1) 19 (2.2) 10 (1.2)  

 Schramm et al.55

3.3 years
T2D, no 
previous MI

GMP
(36,313)

4081 (11.2)
p < 0.001

2251 (6.2)
p = 0.001

 

GCZ
(5926)

442 (7.5)
p = 0.50

256 (4.3)
p = 0.15

 

GBC
(12,495)

1546 (12.4)
p = 0.03

876 (7.0)
p = 0.10

 

GPZ
(6965)

947 (13.6)
p = 0.02

559 (8.0)
p = 0.009

 

TBM
(5335)

794 (14.8)
p = 0.08

457 (8.6)
p = 0.02

 

REP
(2513)

147 (5.9)
p = 0.98

69 (2.8)
p = 0.96

 

MET
(43,340)

1548 (3.6) 827 (1.9)  

T2D, previous 
MI

GMP
(3894)

737 (18.9)
p = 0.007

591 (15.2)
p = 0.02

 

GCZ
(517)

63 (12.2)
p = 0.32

48 (9.3)
p = 0.87

 

GBC
(1168)

265 (22.2)
p = 0.031

207 (17.7)
p = 0.03
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Publication
Median duration 
of follow-up

Diagnosis Treatment
(N)

All-cause 
mortality
N (%)

CV 
mortality
N (%)

MI
N (%)

Stroke
N (%)

HF
N (%)

CR
N (%)

GPZ
(660)

141 (21.4)
p = 0.002

115 (17.4)
p = 0.02

 

TBM
(501)

120 (24.0)
p = 0.02

94 (18.8)
p = 0.009

 

REP
(186)

26 (14.0)
p = 0.91

21 (11.3)
p = 0.75

 

MET
(2906)

213 (7.3) 169 (5.8)  

Biguanides
 Inzucchi et al.56

NR
T2D, AMI MET

(1273)
65 (5.1)a

p = 0.023
246 (19.3)b

p < 0.001

63 (4.9)a

p = 0.958
210 
(16.5)b

p = 0.054

162 (12.7)a

p = 0.006
435 (34.2)b

p < 0.001

 

NT
(6641)

453 (6.8)a

2014 
(30.3)b

331 (5.0)a

1247 
(18.8)b

1046 (15.8)a

2859 (43.1)b
 

 Horsdal et al.51

NR
T2D, MI MET

(511)
NR (13.4)a

p = 0.679
NR (23.2)b

p = 0.791

NR (7.8)b

p = 0.406
NR (8.6)b

p = 0.378
 

SU
(2691)

NR (23.0)a

NR (36.0)b
NR (7.9)b NR (9.5)b  

 Andersson 
et al.52

844 days

T2D, HF MET
(688)

239 (35)
p = 0.02

109 (46)
HR = 0.79

 

SU
(3615)

2344 (65) 1378 (59)  

PPAR agonists
 Dormandy 
et al.57

34.5 months

T2D, 
macrovascular 
disease

PIO
(2605)

177 (NR)
HR = 0.96

119 (NR)
HR = 0.83

86 (NR)
HR = 0.81

281 (11)
p < 0.0001

169 (NR)
HR = 0.88

PBO + ET
(2633)

186 (NR) 144 (NR) 107 (NR) 198 (8) 193 (NR)

 Inzucchi et al.56

NR
T2D, AMI TZD

(819)
54 (6.6)a

p = 0.807
237 (28.9)b

p = 0.414

46 (5.6)a

p = 0.436
154 
(18.8)b

p = 0.986

159 (19.4)a

p = 0.007
402 (49.1)b

p = 0.001

 

NT
(6641)

453 (6.8)a

2014 
(30.3)b

331 (5.0)a

1247 
(18.8)b

1046 (15.8)a

2859 (43.1)b
 

 Lincoff et al.58

104 weeks
T2D, ACS ALE

(3616)
148 (4.1)
p = 0.54

112 (3.1)
p = 0.32

212 (5.9)
p = 0.22

49 (1.4)
p = 0.92

122 (3.4)
p = 0.14

397 
(11.0)
p < 0.001

PBO
(3610)

138 (3.8) 98 (2.7) 239 (6.6) 50 (1.4) 100 (2.8) 498 
(13.8)

DPP-4 inhibitors
 White et al.59

18 months
T2D, ACS ALO + ET

(2701)
153 (5.7)
p = 0.23

112 (4.1)
p = 0.32

187 (6.9)
p = 0.47

29 (1.1)
p = 0.71

 

PBO + ET
(2679)

173 (6.5) 130 (4.9) 173 (6.5) 32 (1.2)  

 Zannad et al.60

533 days
T2D, ACS ALO + SOC

(2701)
106 (3.9)
p = 0.081

89 (3.3) 187 (6.9) 29 (1.1) 85 (3.1)
p = 0.657

43 (1.6)
p = 0.632

PBO + SOC
(2679)

131 (4.9) 111 (4.1) 173 (6.5) 32 (1.2) 79 (2.9) 47 (1.8)

Table 1. (Continued)

(Continued)
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Publication
Median duration 
of follow-up

Diagnosis Treatment
(N)

All-cause 
mortality
N (%)

CV 
mortality
N (%)

MI
N (%)

Stroke
N (%)

HF
N (%)

CR
N (%)

 McGuire et al.61

2.9 years
T2D, 
atherosclerotic 
vascular disease

SG + SOC
(7332)

68 (29.8)c 51 (22.4)c 228 (3.1)
p = 0.95

 

PBO + SOC
(7339)

66 (28.8)c 53 (23.1)c 229 (3.1)  

 White et al.62

18.8 months
T2D, ACS ALO

(2701)
153 (5.7)
HR = 0.88

112 (4.1)
HR = 0.85

 

PBO
(2679)

173 (6.5) 130 (4.9)  

 Heller et al.63

NR
T2D, ACS 
(baseline 
HbA1c < 7%)

ALO + SOC
(454)

NR (4.0) NR (6.4) NR (0.2)  

PBO + SOC
(464)

NR (3.2) NR (5.6) NR (1.9)  

T2D, ACS 
(baseline HbA1c 
7%–<8%)

ALO + SOC
(949)

NR (3.3) NR (7.3) NR (0.6)  

PBO + SOC
(948)

NR (4.9) NR (6.1) NR (0.9)  

T2D, ACS 
(baseline HbA1c 
8%–<9%)

ALO + SOC
(768)

NR (3.3) NR (7.3) NR (2.2)  

PBO + SOC
(726)

NR (4.1) NR (7.6) NR (1.0)  

T2D, ACS 
(baseline 
HbA1c ⩾ 9%)

ALO + SOC
(529)

NR (2.8) NR (6.2) NR (0.9)  

PBO + SOC
(541)

NR (3.7) NR (6.3) NR (1.3)  

SGLT2 inhibitors
 Fitchett et al.64 T2D, CV 

disease, 
eGFR > 30 mL/
min/1.73 m2

EMP + SOC
(4687)

269 (5.7)
HR = 0.68

172 (3.7)
HR = 0.62

126 (2.7)
p = 0.002

 

PBO + SOC
(2333)

194 (8.3) 137 (5.9) 95 (4.1)  

GLP-1 agonists
 Pfeffer et al.65

25 months
T2D, ACS LIXI + SOC

(3034)
211 (7.0)
p = 0.50

156 (5.1)
p = 0.85

270 (8.9)
p = 0.71

60 (2.0)
p = 0.54

122 (4.0)
p = 0.75

 

PBO + SOC
(3034)

223 (7.4) 158 (5.2) 261 (8.6) 67 (2.2) 127 (4.2)  

Combination therapy
I nzucchi et al.56

NR
T2D, AMI MET + TZD

(139)
3 (2.2)a

p = 0.030
17 (12.2)b

p < 0.001

4 (2.9)a

p = 0.257
21 (15.1)b

p = 0.272

17 (12.2)a

p = 0.259
54 (38.8)b

p = 0.322

 

NT
(6641)

453 (6.8)a

2014 
(30.3)b

331 (5.0)a

1247 
(18.8)b

1046 (15.8)a

2859 (43.1)b
 

 Horsdal et al.51

NR
T2D, MI All combinations

(1333)
NR (19.7)a

p = 0.067
NR (33.0)b

p < 0.001

NR (9.1)b

p = 0.074
NR (9.6)b

p = 0.456
 

SU + MET
(NR)

NR (20.0)a

p = 0.423
NR (32.8)b

p = 0.007

NR (8.5)b

p = 0.224
NR (9.1)b

p = 0.257
 

SU + INS
(NR)

NR (25.5)a

p = 0.154
NR (44.0)b

p = 0.003

NR 
(12.8)b

p = 0.057

NR (12.8)b

p = 0.409
 

Table 1. (Continued)



Avogaro et al. 405

Publication
Median duration 
of follow-up

Diagnosis Treatment
(N)

All-cause 
mortality
N (%)

CV 
mortality
N (%)

MI
N (%)

Stroke
N (%)

HF
N (%)

CR
N (%)

Met + INS
(NR)

NR (12.5)a

p = 0.948
NR (23.0)b

p = 0.830

NR 
(10.0)b

p = 0.372

NR (13.0)b

p = 0.755
 

SU + MET + INS
(NR)

NR (20.5)a

p = 0.259
NR (30.6)b

p = 0.073

NR (8.3)b

p = 0.644
NR (2.8)b

p = 0.201
 

NT
(2132)

NR (22.6)a

p = 0.169
NR (38.7)b

p = 0.043

NR (7.6)b

p = 0.629
NR (9.0)b

p = 0.467
 

SU
(2691)

NR (23.0)a

NR (36.0)b
NR (7.9)b NR (9.5)b  

 Andersson 
et al.52

844 days

T2D, HF MET + SU
(1549)

759 (49)
p = 0.003

447 (59)
HR = 0.94

 

Met + INS
(468)

162 (35)
p = 0.6

80 (49)
HR = 0.94

 

MET + SU + INS
(247)

105 (43)
p = 0.5

58 (55)
HR = 0.96

 

SU + INS
(635)

371 (58)
p = 0.5

203 (55)
HR = 0.93

 

SU
(3615)

2344 (65) 1378 (59)  

CV: cardiovascular; MI: myocardial infarction; HF: heart failure; CR: coronary revascularization; NR: not reported; T2D: type 2 diabetes; INS: insulin; 
SU: sulfonylurea; HR: hazard ratio; GBC: glibenclamide; GPZ: glipizide; GMP: glimepiride; GCZ: gliclazide; TBM: tolbutamide; REP: repaglinide;  
MET: metformin; NT: no therapy; PPAR: peroxisome proliferator-activated receptor; PIO: pioglitazone; PBO: placebo; ET: existing therapy; AMI: 
acute myocardial infarction; ACS: acute coronary syndrome; ALE: aleglitazar; DPP-4: dipeptidyl peptidase-4; ALO: alogliptin; SOC: standard of 
care; SG: sitagliptin; SGLT2: sodium-glucose cotransporter 2; EMP: empagliflozin; eGFR: estimated glomerular filtration rate; GLP-1: glucagon-like 
peptide-1; LIXI: lixisenatide.
aWithin 30 days.
bWithin 1 year.
cFollowing heart failure.

Table 1. (Continued)

Question 2: Is low blood glucose at admission 
a negative prognostic factor in patients with 
diabetes and ACS?

There is a concern that hypoglycemia occurring as a result 
of glucose-lowering therapy may be harmful for patients 
with AMI. In a study examining 30-day mortality rates in 
patients with AMI according to serum-glucose levels on 
admission, 30-day mortality rate was higher in those with 
the lowest and the highest glucose levels.73 These results 
are in accordance with previously published data on 
patients with ACS and diabetes, underlying the poor prog-
nosis associated with both hyperglycemia and hypoglyce-
mia at admission.74 Persistent hyperglycemia and 
hypoglycemia have also been associated with adverse 
prognosis in patients with AMI.75 The same picture 
emerges in elderly patients (⩾65 years) with AMI: 

hyperglycemia and hypoglycemia at admission were asso-
ciated with higher in-hospital and 3-year mortality.76

Interestingly, while both admission and in-hospital 
hyperglycemia predicted 30-day death in patients with 
AMI, admission but not in-hospital hypoglycemia was 
predictive of 30-day survival.77 In contrast, both in-hospi-
tal hyperglycemia and hypoglycemia were associated with 
increased risk of death during long-term follow-up in 
patients with HF following AMI.78 Hypoglycemic epi-
sodes during hospitalization of patients with diabetes and 
AMI do not appear to be an independent risk factor for 
future morbidity.79

Interestingly, increased mortality in patients with AMI 
appears to be limited to hypoglycemia that is unrelated 
rather than related to glucose-lowering therapy.80

In conclusion, admission hypoglycemia may be an 
important predictor for mortality in patients with and 
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without diabetes following AMI. The mechanisms through 
which hypoglycemia can contribute to worsening progno-
sis at the time of an acute CV event have been the matter 
of multiple studies. As recently reviewed by Rana et al.,81 
putative pathological mechanisms linking hypoglycemia 
and adverse CV events include the development of a pro-
thrombotic milieu and a rise in cytokines, vasoconstric-
tors, inflammatory markers, interleukins and free oxygen 
radicals. These changes can contribute reducing myocar-
dial blood flow reserve and subsequent myocardial injury 
with a heightened risk of cardiac arrhythmias and sudden 
cardiac death.

Question 3: Does in-hospital appropriate 
glucose control with insulin improve short- and 
long-term prognosis in patients with diabetes 
and ACS?

It has been suggested that glucose, insulin, and potassium 
(GIK) therapy might prevent arrhythmia during myocar-
dial ischemia through reduction of fatty acid levels and 
stimulation of potassium uptake, as well as of cellular 
transport and utilization of glucose.82 Second, insulin ther-
apy can effectively control blood glucose and prevent 
adverse outcomes associated with hyperglycemia.83 
Indeed, insulin exerts vasodilatory effects in the human 
circulatory system at physiological concentrations, inhib-
its platelet aggregation in response to multiple agonists by 
generating NO and cyclic guanosine-mono-phosphate and 
exerts direct inhibitory effects on mediators of inflamma-
tion in vivo.84

Several clinical trials have investigated the effects of 
GIK therapy on post-ACS prognosis, but the results remain 
conflicting possibly due to the inclusion of patients with 
and without diabetes. The effect of GIK therapy in patients 
with and without diabetes has been determined in a meta-
analysis of 33 randomized clinical trials.85 GIK therapy 
significantly reduced myocardial injury and improved 
hemodynamic performance in patients without diabetes; 
on the contrary, glycemic control may be required during 
GIK therapy to elicit similar effects in patients with diabe-
tes. GIK therapy improved myocardial salvage in patients 
with AMI and diabetes, but not in patients without diabe-
tes.86 In patients with suspected ACS without diabetes, 
GIK therapy reduced the composite endpoint of cardiac 
arrest or 1-year mortality, and of cardiac arrest, mortality, 
or HF hospitalization within 1 year.87 In the CREATE-
ECLA trial, GIK infusion had no beneficial effect on 
30-day mortality in 20,201 STEMI patients,88 and could 
have caused harm following a STEMI.89 In patients with 
STEMI without HF, GIK therapy had no significant advan-
tages in terms of number of deaths, revascularizations, and 
re-infarction at 1 year compared with conventional treat-
ment.90 Another study showed that patients without diabe-
tes with STEMI may benefit from intravenous insulin 

infusions.91 Furthermore, GIK had no advantage over con-
ventional treatment in patients undergoing primary revas-
cularization when considering myocardial function and 
viability.92–94

During GIK, however, glucose monitoring is not regu-
larly performed and blood glucose levels may vary accord-
ing to patient’s insulin sensitivity. On the contrary, insulin 
infusion should be adjusted to maintain plasma glucose 
levels at 90–140 mg/dL carefully avoiding hypoglycemia 
as suggested by the American Diabetes Association (Level 
of Evidence C).19 Other studies have shown that, com-
pared with routine glucose-lowering therapy, insulin-glu-
cose infusion targeting plasma glucose levels between 126 
and 196 mg/dL followed by multi-dose subcutaneous insu-
lin reduces long-term (1 year and 3.4 years) mortality in 
patients with AMI and diabetes.95,96 The 20-year follow-up 
results of the first Diabetes Mellitus Insulin Glucose 
Infusion in Acute Myocardial Infarction (DIGAMI) study 
showed that intensified insulin-based glycemic control 
after AMI in patients with diabetes and hyperglycemia at 
admission had a positive effect on longevity.97 Conversely, 
a study in which insulin/dextrose infusions were adjusted 
to target a blood glucose level of <180 mg/dL showed no 
reduction in mortality in patients with AMI and diabetes or 
hyperglycemia but did not rule out that better glycemic 
control may improve outcomes.98 In the randomized 
BIOMarker Study to Identify the Acute Risk of a Coronary 
Syndrome–2 (BIOMArCS-2) Glucose Trial, patients (10% 
with diabetes) admitted for an ACS were randomized 
either to conventional or strict glucose control (glucose 
level 85–110 mg/dL from 6:00 a.m. to 10:59 p.m. and 85–
139 mg/dL from 11:00 p.m. to 6:00 a.m.). There were no 
differences in both primary (high-sensitivity troponin T 
value 72 h after admission) and secondary endpoints (area 
under the curve of creatine kinase myocardial band, release 
and myocardial perfusion scintigraphy findings at 6-weeks 
follow-up) between the two treatment arms.99 A meta-
regression analysis of RCTs comparing intensive blood 
glucose control with a less intensive regimen showed lim-
ited benefit of intensive glycemic control in patients with 
type 2 diabetes with a MI, with a significant risk of serious 
hypoglycemia.100

In conclusion, insulin and glucose infusions adjusted to 
a specific glucose target may have some advantages over 
GIK therapy, which appears to have a neutral effect on 
mortality after ACS; however, both may expose patients to 
an increased risk of hypoglycemia.

Question 4: Do glucose-lowering drugs other 
than insulin improve outcomes in the acute 
phase of ACS?

The most effective strategy for the treatment of patients 
with acute STEMI is reperfusion, to limit the size of the 
MI, preserve cardiac function, and reduce development of 
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HF. However, the reperfusion procedure can cause myo-
cardial injury.101 Diabetes is a confounding factor in the 
treatment of patients following an acute CV event, and 
glucose-lowering therapy itself can promote or counteract 
cardioprotection.101 Glucose normalization with or with-
out insulin leads to better survival in patients with AMI 
and hyperglycemia.102 Treatment with sitagliptin was 
shown to result in a lower risk of in-hospital complications 
and MACE at 30 days than other oral glucose-lowering 
therapies in patients with diabetes enrolled in the Acute 
Coronary Syndrome Israeli Survey.103 Studies exploring 
the potential benefits of glucagon-like peptide-1 (GLP-1) 
receptor agonists in patients with STEMI have demon-
strated an increase in myocardial salvage, reduction of the 
infarct size and improvements in left ventricular function 
with exenatide treatment.104–106 Conversely, use of met-
formin preceding the event was not associated with 
improvements in infarct size in patients with STEMI.107

The DIGAMI 2 was performed to investigate long-term 
outcomes according to glucose-lowering regimens: 
patients received either insulin-based treatment, insulin 
during hospitalization followed by conventional glucose-
lowering therapy or conventional therapy.108 After a 
median of 4.1 years, mortality was 31%, with no difference 
in the three treatment groups. Compared with conventional 
treatment, insulin therapy was associated with a HR of 
3.60 (95% CI = 1.24–10.50; p = 0.02) for death from malig-
nancies. Insulin treatment was also associated with non-
fatal CV events, but not mortality. In DIGAMI 2, metformin 
was not associated with lower CV mortality, but it con-
ferred a reduced risk of non-fatal MI or stroke in the short 
term109 and lower mortality rates and risk of death from 
malignancies in the long term.108

These results highlight the limited evidence on the 
effect of recently introduced glucose-lowering agents 
emphasizing the need for more dedicated studies to deter-
mine whether these novel forms of treatment are as effec-
tive or superior to insulin to control blood glucose in 
patients with diabetes and ACS. Preclinical studies have 
repeatedly demonstrated how dipeptidyl peptidase-4 
(DPP-4) inhibitors, Glucagon-like peptide (GLP-1) recep-
tor agonist and sodium-glucose cotransporter 2 (SGLT2) 
inhibitors can reduce the infarct size upon acute ischemia 
in rats110,111 and pigs.112 Two large cardiovascular out-
come trial (CVOT) have recruited patients with a recent 
(within 90 days) ACS. The first one assessed the effect of 
the DPP-4-inhibitor alogliptin59 and the second one 
employed lixisenatide,65 and both studies were neutral 
with respect of occurrence of three-point MACE. Smaller 
human studies suggest a potential beneficial effect of 
GLP-1 receptor agonists if administered at the time of an 
acute event. In STEMI subjects undergoing primary PCI, 
administration of exenatide at the time of reperfusion was 
found to increase myocardial salvage and to improve left 
ventricular function.104,106 Similar results were observed 

for liraglutide.113 However, other investigators were una-
ble to replicate these findings.114

Question 5: Which glucose-lowering 
medications should be used after 
hospitalization following ACS?

Studies have shown that patients with diabetes have the 
same level of CV risk as non-diabetic patients with prior 
MI. This claims for a proactive treatment of the CV risk in 
patients with diabetes.115 Because diabetic patients with a 
history of CV events are at an even greater CV risk,116 an 
intensive management strategy is particularly important 
after the occurrence of a CV event. Germaine to this, a 
study showed that, in the general population, there was an 
increase in the incidence rate of treatment based on glu-
cose-lowering medication within the first year following 
MI: this suggests that after an acute coronary event, there 
is an increased awareness of diabetes.117

Various classes of glucose-lowering therapies have 
been evaluated for their use following hospitalization for 
acute MI with heterogeneous results, even within the same 
drug class (Table 1).51–65,115,117–121 In general, DPP-4-
inhibitors showed improved glycemic control with no 
increase of the risk of CV events or HF outcomes as com-
pared with placebo.59–63 Two of the recent cardiovascular 
outcome studies have been performed in diabetic patients 
with a recent ACS. The Examination of Cardiovascular 
Outcomes with Alogliptin versus Standard of Care 
(EXAMINE) trial tested the safety of alogliptin in type 2 
diabetes patients with an ACS between 15 and 90 days 
before recruitment. A primary endpoint event occurred in 
305 patients assigned to alogliptin (11.3%) and in 316 in 
those on placebo (11.8%; p < 0.001 for non-inferiority), 
underscoring the safety of this DPP-4-inhibitor in this clin-
ical context. Further to this, it has been recently shown that 
in the context of EXAMINE trial, among those receiving 
metformin plus sulfonylurea therapies at baseline, CV 
death and all-cause mortality rates were lower in those 
receiving alogliptin compared with those receiving pla-
cebo (HR = 0.49; 95% CI = 0.28–0.84 and HR = 0.61; 95% 
CI = 0.38–0.96, respectively).122

The Evaluation of LIXisenatide in Acute coronary syn-
dromes (ELIXA) trial demonstrated that the use of lixi-
senatide in patients with diabetes and a recent ACS 
(hospitalized for UA within the previous 180 days) did not 
affect CVD outcomes, with no increase in the risk of hos-
pitalization for HF.65

Six recent CV outcome studies, namely, the EMPA-REG 
Outcome trial,123 the Liraglutide Effect and Action in 
Diabetes: Evaluation of CV Outcome Results (LEADER) 
trial,124 the investigators in the Trial to Evaluate Cardiovascular 
and Other Long-Term Outcomes with Semaglutide in 
Subjects with Type 2 Diabetes (SUSTAIN-6),125 the 
Canagliflozin Cardiovascular Assessment Study (CANVAS) 
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Program,126 the Dapagliflozin and Cardiovascular Outcomes 
in Type 2 Diabetes (DECLARE),127 and the Albiglutide and 
CV outcomes in patients with type 2 diabetes and CVD 
(Harmony Outcomes),128 have stirred a greater enthusiasm, as 
they showed superiority of empagliflozin, liraglutide, sema-
glutide, canagliflozin and albiglutide over placebo for the pri-
mary endpoint (CV death, non-fatal acute MI and non-fatal 
stroke). These studies recruited high-risk patients with type 2 
diabetes. However, not all of the patients had already experi-
enced a CV event and, if they did, the events were not as 
recent as in the EXAMINE or the ELIXA trials. In the EMPA-
REG trial, 75% of patients had a history of CHD; in the 
LEADER trial, 31% had prior MI and 39% had prior coro-
nary revascularization; in the SUSTAIN-6 trial, 60% had 
CHD and 32% had prior MI.

Metformin is considered cardioprotective, since treat-
ment with this agent is associated with lower risk of mor-
tality (compared with sulfonylurea or insulin therapy) in 
patients with diabetes and HF or MI, and with decreased 
risk of non-fatal MI or stroke in patients with diabetes and 
MI.52,109 Although some studies found no increased risk of 
adverse outcomes in patients receiving sulfonylurea before 
an index event,54,121 other studies found that patients with 
diabetes and MI on sulfonylurea at the time of admission 
for a CV event had higher CV risk as compared with those 
on metformin.119 Finally, other studies have found no defi-
nite relationship between use of sulfonylureas and ischemic 
heart disease,51,118 although, compared with metformin, 
sulfonylureas may be associated with increased mortality 
and CV risk.55

Differences in outcomes between the agents within the 
class have been reported. For instance, while the effect of 
rosiglitazone has been questioned due to a claimed 
increased CV risk in some but not all meta-analyses, the 
use of pioglitazone reduced the composite endpoint of all-
cause mortality, non-fatal MI and stroke in patients with 
diabetes and a high risk of macrovascular events,57 while 
no information is available with respect to its use in the 
early phase after ACS.

Discussion

In patients with STEMI, admission hyperglycemia is a 
strong predictor of short-term mortality in those without 
diabetes, while the relationship is not as clear in patients 
with diabetes. The prognostic value of HbA1c also 
remains unclear. Hypoglycemia at the time of admission 
is associated with higher short- and long-term mortality 
in patients with ACS, but this seems to be restricted to 
hypoglycemia not occurring as a result of glucose-lower-
ing therapy.129,130 The role of hypoglycemia as a risk fac-
tor for death has led to the concept that there are three 
domains of glycemic control in the critically ill – hyper-
glycemia, hypoglycemia and glycemic variability – and 
that these must be addressed to optimize glycemic 

control. Interestingly, it appears that hypoglycemia per 
se, rather than drug-induced hypoglycemia, could play a 
role in increased mortality: decompensated cardiac fail-
ure is especially evident among hypoglycemic patients, 
as evidenced by low left ventricular ejection fraction and 
high NT-proBNP levels, and in those with elevated 
plasma alanine transferase suggesting significant hepato-
cyte injury.131 Low pH values and high lactate concentra-
tions may also explain hypoglycemia, since they reflect 
hypoperfusion, and hepatic dysfunction.132

The effects of insulin on prognosis after ACS might be 
different in patients with versus without diabetes, as the 
former may benefit from insulin therapy if adequate gly-
cemic control is ensured and hypoglycemia avoided. 
Because of the risk of hypoglycemia, other glucose-low-
ering agents could be considered (Table 2).62,133–137 In 
subjects with type 2 diabetes and a recent ACS, aloglip-
tin, an inhibitor of DPP-4, was safe without the burden of 
hypoglycemia, though an increased risk of hospitaliza-
tion for HF was observed in patients with no prior history 
for the condition. Similarly, lixisenatide, a GLP-1 recep-
tor agonist, was safe in patients with diabetes and recent 
ACS. In patients with high CV events, the GLP-1 recep-
tor agonists liraglutide and semaglutide, as well as the 
SGLT2 inhibitor empagliflozin, have shown significant 
reduction of CV risk.

In summary, how to treat hyperglycemia in patients 
with or without previously known diabetes at the time of 
hospital admission for ACS remains an open question. 
Insulin is the only treatment that has been evaluated in 
depth; however, results are conflicting and they differ with 
respect to diabetic versus non-diabetic hyperglycemia as 
well as in terms of short- versus long-term outcomes. In all 
cases, insulin use was associated with a significant increase 
in the risk of severe hypoglycemia, which should be 
avoided in these patients. Non-insulin therapies may sound 
attractive because of both the low risk of hypoglycemia 
and the effects that may potentially translate into CV pro-
tection at the time of an ACS. However, no studies have 
been performed to date with agents such as DPP-4-
inhibitors, or SGLT2-inhibitors, and relatively few with 
GLP-1 receptor agonists at ACS presentation. The closest 
treatment to the time of an ACS is the one tested in 
EXAMINE (alogliptin) and ELIXA (lixisenatide). These 
agents have shown safety in highly vulnerable popula-
tions. CV protection as reported with empagliflozin, cana-
gliflozin, dapagliflozin, liraglutide, semaglutide and 
albiglutide are of great value but they cannot be extrapo-
lated to time of the occurrence of an ACS. In summary, 
there is an urgent need for studies exploring potential 
advantages of non-insulin treatments not associated with 
risk of hypoglycemia in patients with diabetes and ACS: in 
the meantime, a common-sense approach is proposed in 
Table 2. In the absence of such studies, we conclude that 
insulin should be used for admission hyperglycemia 
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Table 2. Suggested glucose-lowering therapies during an acute coronary syndrome and after hospitalization.

ACS Acute phase (within 
2 weeks)

Post-acute phase (from 2 weeks to 
6 months)

Chronic phase (months/years)

Metformin Not advised133–135 No evidence136 Indicated if no reduced eGFR
SUs Not advised62 Not advised62 Gliclazide MR if no contraindications
DPP-4-I Alogliptin (down-titrate if eGFR is reduced)

Sitagliptin (contraindicated if recurrent MI 
and PTCA)137

All (down-titrate if eGFR is reduced 
except for linagliptin; exclude saxagliptin 
if history of HF)

Pioglitazone Not indicated Exclude if history of HF
GLP-1RA Exenatide if normal eGFR Liraglutide and semaglutide (if 

eGFR > 30 mL/min)
SGLT2-I No evidence Empagliflozin (if eGFR > 45 mL/min)
Insulin Infuse to target  

(120–180 mg/dL)
Basal bolus or long-acting as add-on 
therapy

ACS: acute coronary syndrome; eGFR: estimated glomerular filtration rate; SU: sulfonylurea; MR: modified release; DPP-4-I: dipeptidyl peptidase-4 
inhibitor; MI: myocardial infarction; PTCA: percutaneous transluminal coronary angioplasty; HF: heart failure; GLP-1RA: glucagon-like peptide-1 
receptor agonist; SGLT2-I: sodium-glucose cotransporter 2 inhibitors.

aiming at plasma glucose levels of 90–140 mg/dL, as also 
suggested by the American Diabetes Association, with 
careful avoidance of hypoglycemia.

In the earlier phase after ACS, alogliptin and lixisena-
tide have shown safety, and in those with high CV risk, 
empagliflozin, liraglutide and semaglutide may offer an 
opportunity for effective secondary CV prevention.

Key messages

•• Plasma glucose level at hospital admission for 
acute coronary syndrome (ACS) plays a role in 
predicting adverse events, especially in patients 
with previously unknown diabetes.

•• Admission hypoglycemia is an important predic-
tor for mortality in patients with and without dia-
betes following acute myocardial infarction.

•• Insulin and glucose infusions aimed at specific 
glucose targets may reduce mortality after ACS 
while increasing the risk of hypoglycemia.

•• There is an urgent need for studies exploring 
potential advantages of non-insulin treatments 
not associated with a risk of hypoglycemia in 
patients with diabetes and ACS.
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