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failure (HF), as diabetic patients exhibit limited 
left ventricular remodeling after MI.7,8 Contro‑
versy remains regarding the prevalence of tran‑
sient hyperglycemia in nondiabetic patients hos‑
pitalized with MI and its impact on outcomes and 
long‑term mortality. In some cases, elevated blood 
glucose levels will result in a diagnosis of new
‑onset DM, whereas in other cases, hyperglycemia 
is transient and may be associated with a stress 

Introduction  The prevalence of diabetes mel‑
litus (DM) in patients with acute coronary syn‑
drome (ACS) is estimated at about 25%, and 
the prognosis is worse compared with that of 
nondiabetic patients.1,2 Moreover, DM proved to 
be a risk factor for complications of myocardial in‑
farction (MI) and increased mortality.3-6 It is also 
associated with an elevated risk of early MI com‑
plications, such as cardiogenic shock and heart 
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Abstract

Introduction  The prevalence of diabetes mellitus (DM) in patients with myocardial infarction (MI) is 
estimated at about 25%. Short- and long‑term prognosis is worse in patients with DM and hyperglycemia 
compared with nondiabetics.
Objectives  Our aim was to analyze the  impact of DM and transient hyperglycemia on in‑hospital 
complications and long‑term outcomes in patients with MI.
Patients and methods  We evaluated a prospective cohort of 58 394 patients with MI in the Polish 
Registry of Acute Coronary Syndromes (PL-ACS) in terms of in‑hospital complications and 30‑day, 
12‑month, and 36‑month outcomes between 2009 and 2012.
Results  Patients with type 1 DM (T1DM) and type 2 DM (T2DM) underwent invasive diagnostic and 
therapeutic procedures less frequently than those without diabetes, transient hyperglycemia, and new‑onset 
DM (P <0.001). T2DM was associated with a significantly higher risk of MI complicated by cardiogenic 
shock. The rates of pulmonary edema in the transient hyperglycemia group and the DM group were 2‑fold 
higher than in the nondiabetic group (P <0.001). T1DM and T2DM were associated with a significantly 
higher risk of death. Unadjusted 3‑year all‑cause death rates in patients with T1DM, T2DM, transient 
hyperglycemia, new‑onset diabetes and those without diabetes were 26.8%, 25.6%, 18.5%, 17.9%, and 
16.2%, respectively. Hazard ratios (95% CI) adjusted for age, sex, clinical characteristics, and revascu‑
larization were 1.49 (1.12–2.00), 1.20 (1.14–1.27), 0.94 (0.67–1.31), and 0.66 (0.34–1.28), respectively.
Conclusions  T1DM and T2DM are associated with elevated in‑hospital and long‑term mortality rates 
after MI. Diabetics and patients with transient hyperglycemia are more likely to develop significant 
in‑hospital complications compared with nondiabetics. No significant differences regarding acute me‑
chanical complications were noted between populations.
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in 2012. Our data account for approximately 25% 
of all MIs in Poland and were collected in hospi‑
tals with an invasive cardiology laboratory and 
community hospitals without percutaneous cor‑
onary intervention (PCI) facilities.

The registry includes data on demograph‑
ics, medical history, treatment, and post‑MI in
‑hospital complications. Additionally, follow‑up 
data were obtained from the NFZ. The follow‑up 
data at 30 days, 12 months, and 36 months after 
MI‑related hospitalization were available for all 
enrolled patients.

For the purposes of our current study, only 
data of patients with MI were analyzed. The def‑
initions for the initial diagnosis of ST‑segment 
elevation MI (STEMI) and non‑STEMI (NSTEMI) 
were as follows:
•	 	STEMI was defined as the presence of 1) typi‑

cal angina and / or symptoms of ischemia at rest 
lasting more than 20 minutes, 2) electrocardi‑
ography abnormalities consistent with MI (ST
-segment elevation of 2 mm in adjacent chest 
leads and / or ST-segment elevation of 1 mm in 2 
standard leads or new left bundle branch block, 
and 3) positive markers of myocardial necrosis.
•	 	NSTEMI was defined as the presence of 1) typ‑

ical angina and / or symptoms of ischemia at rest 
lasting more than 20 minutes, 2) the absence 
of ST‑segment elevation as defined earlier, and 
3) positive markers of myocardial necrosis.

Study patients were divided into 5 groups: pa‑
tients with T1DM, T2DM, transient hypergly‑
cemia, new‑onset DM, and a control group of 
nondiabetics.

The diagnosis of DM was determined based on 
patients’ records (documented DM treated with 
insulin, oral hypoglycemic drugs, or diet). New
‑onset DM was diagnosed based on at least 2 in‑
stances of fasting plasma glucose levels of more 
than 125 mg/dl (7.0 mmol/l) after AMI, a ran‑
dom plasma glucose level of more than 200 mg/dl 
(11.1 mmol/l), or blood glucose levels of more 
than 200 mg/dl (11.1 mmol/l) as determined by 
a 2‑hour oral glucose tolerance test performed 
at the end of hospitalization. Transient hypergly‑
cemia was diagnosed when the patient required 
administration of short‑acting insulin via an in‑
fusion or subcutaneous injection during the treat‑
ment for MI, but new‑onset diabetes was exclud‑
ed by the end of hospitalization. The patients who 
were diagnosed with DM during hospitalization 
following the acute phase of MI, but their dai‑
ly demand for insulin was under 30 units, were 
prescribed oral hypoglycemic agents or an appro‑
priate diet; otherwise, intensive insulin therapy 
was continued.

In‑hospital and long‑term complications were 
defined as follows:
•	 	Death: death due to all causes.
•	 	Reinfarction: an  ischemic event meeting 

the European Society of Cardiology / American 
College of Cardiology criteria for MI which was 
clearly clinically distinct from the index event on 
admission.

response,9 resulting from the secretion of steroid 
hormones, adrenaline, glucagon, and the release 
of free fatty acids.10 Nondiabetic patients with 
an increased fasting glycemia on admission to 
the hospital due to ACS are at a significantly in‑
creased risk for developing DM and at a greater 
long‑term mortality risk.11,12 Among nondiabetic 
patients hospitalized with ACS, a fasting hyper‑
glycemia of at least 180 mg/dl (10 mmol/l) pre‑
dicted 1‑year mortality and was associated with 
a 4‑fold increased risk of DM at 1 year.11 This find‑
ing is also stressed in a study by Ritsinger et al12 in 
which the authors suggest that prophylactic treat‑
ment for increased blood glucose levels should be 
initiated before discharge from the coronary care 
unit. In accordance with aforementioned conclu‑
sions from previous studies, our analysis concen‑
trated on both in‑hospital outcomes and all‑cause 
death rates assessed incrementally at 4 different 
time points. Our study aimed to compare a con‑
trol group of patients with MI but without diabe‑
tes with a group of patients with MI and DM or 
transient hyperglycemia (stratified into type 1 DM 
[T1DM], type 2 DM [T2DM], new‑onset DM, and 
transient hyperglycemia groups) in terms of pa‑
tient characteristics, treatment, and in‑hospital, 
30‑day, 12‑month, and 36‑month outcomes.

Patients and methods  Data for this anal‑
ysis were collected from the Polish Registry of 
Acute Coronary Syndromes (PL‑ACS), a nation‑
wide, multicenter, prospective registry of con‑
secutively hospitalized patients with ACS in Po‑
land. The registry includes data of 58 394 consec‑
utive patients admitted to Polish hospitals from 
2009 to 2012. The PL‑ACS registry is a joint ini‑
tiative of the Silesian Center for Heart Diseases 
in Zabrze and the Polish Ministry of Health. Lo‑
gistic support is provided by the Polish National 
Health Fund (Narodowy Fundusz Zdrowia [NFZ]). 
The design of the PL‑ACS has been described pre‑
viously.13 The number of people hospitalized due 
to acute myocardial infarction (AMI) fluctuat‑
ed within the limits of 77 200 in 2009 to 79 400 

What’s new?

Patients with myocardial infarction (MI) and previously diagnosed diabetes 
mellitus (DM), new‑onset DM, and transient hyperglycemia have a worse 
prognosis compared with their nondiabetic counterparts. However, many 
studies concerning treatment results were conducted during the thrombolytic 
era. Relatively little is known about the outcomes of patients with elevated 
glucose levels during hospitalization without previous DM diagnosis or patients 
with new‑onset DM. We therefore included 2 additional classifications in our 
study for patients with acute MI in regard to glycemic status during hospital‑
ization. We evaluated a nationwide prospective cohort of over 58 000 patients 
with MI in terms of in‑hospital complications and long‑term outcomes over 
a 3‑year period per different carbohydrate disorder type: type 1 DM, type 2 
DM, new‑onset DM, and transient hyperglycemia. In contrast with previous 
publications, this study is not limited to admission glucose levels only but 
includes blood glucose monitoring throughout hospitalization.
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by a local ethics committee. The Ethics Commit‑
tee of the Medical University of Warsaw in Poland 
was informed about the study (AKBE/81/2019) 
on March 11, 2019. Written informed consent 
was not required.

Results  Between January 2009 and Decem‑
ber 2012, out of 58 394 patients who presented 
with MI, 11 348 (19.4%) had T2DM, 235 (0.4%) 
had T1DM, 271 (0.5%) had transient hypergly‑
cemia, and 106 (0.2%) had new‑onset diabetes. 
Women accounted for 35.2% of the entire study 
cohort. Table 1 shows the baseline characteristics 
of all patients with MI stratified by their respec‑
tive diabetic status. Compared with nondiabet‑
ic patients, those with T2DM or transient hyper‑
glycemia were, on average, older. Patients with 
transient hyperglycemia or DM were more like‑
ly to have a higher body mass index than those 
without DM and were more likely to have hyper‑
lipidemia as well as hypertension. Patients with 
T1DM and T2DM were more likely to be former 
smokers while those without DM were more like‑
ly to be current smokers. The lowest proportions 
of patients with a history of coronary artery dis‑
ease (CAD), MI, CABG, HF, and stroke were found 
in the nondiabetic group.

Invasive procedures (coronary angiography) 
were used in more than 90% of patients in all 5 
groups, although various treatment strategies 
were used during hospitalization. Fewer patients 
with T1DM and T2DM underwent invasive diag‑
nostic or therapeutic procedures compared with 
patients with transient hyperglycemia, new‑onset 
DM, and nondiabetics (P <0.001) (Table 2).

The diagnosis of multivessel disease (MVD) 
was more common in T1DM, T2DM, and tran‑
sient hyperglycemia groups (65.6%, 60.7%, and 
59.5%, respectively) than in the control group 
(53.33%; P <0.001). The lowest rates of PCI were 
observed in patients with T1DM (70.6%) and 
T2DM (74.6%). CABG surgery was more frequent 
in both T1DM and T2DM (3.4% and 3.3%, respec‑
tively) in contrast to the new‑onset diabetes, tran‑
sient hyperglycemia, and control groups (0.9%, 
0.4%, and 2.7%, respectively; P <0.001).

In‑hospital post‑MI complications stratified 
by the patients’ diabetes status are presented in 
Table 3�. There were differences between the study 
groups in the risk of the following complications: 
cardiogenic shock (P <0.001), pulmonary edema 
(P <0.001), in‑hospital cardiac arrest (P = 0.004), 
bleeding (P = 0.006), stroke (P = 0.48), the need 
of pacemaker implantation (P = 0.002), and death 
(P <0.001). We recorded a reinfarction rate of up 
to 1.3% in patients in the DM groups (vs 0.3% in 
nondiabetics) during hospitalization (P = 0.05).

T2DM was associated with a significantly high‑
er relative risk (RR) of MI complicated by cardio‑
genic shock (RR, 1.43; 95% CI, 1.22–1.68). The RR 
of cardiogenic shock for the transient hypergly‑
cemia group was greater than 1 (RR, 1.46; 95% 
CI, 0.61–3.50), but the CI contained the null val‑
ue. A larger study group would be required for 

•	 	Stroke (hemorrhagic or ischemic): an acute 
neurologic deficit lasting more than 24 hours and 
affecting the ability to perform daily activities or 
resulting in death.
•	 	Major bleeding: overt clinical bleeding that 

1) was associated with a decrease in hemoglobin 
levels of more than 50 g/l (5 g/dl) or an absolute 
decrease in hematocrit levels of more than 15%, 
or 2) caused hemodynamic compromise, or 3) re‑
quired blood transfusion.
•	 	Cardiogenic shock: hypotension (systolic blood 

pressure of <90 mm Hg for at least 30 minutes or 
the need for inotropes or vasopressors or intra
‑aortic balloon pump counterpulsation to main‑
tain a systolic blood pressure of >90 mm Hg) and 
hypoperfusion (cool extremities or a urine out‑
put of <30 ml/h, and a heart rate of ≥60 bpm).

An invasive procedure was defined as coronary 
angiography during index hospitalization. PCI was 
defined as a coronary intervention, such as plain 
old balloon angioplasty or stent implantation.

We also compared the study groups in terms of 
clinical presentation, patient characteristics, and 
cardiovascular risk factors. Differences in treat‑
ment strategies, including angiography, PCI, and 
coronary artery bypass grafting (CABG) were also 
scrutinized. Our analyses additionally included 
in‑hospital complications of MI. Outcome data 
were collected at 4 different time points: during 
hospital stay, as well as during follow‑up at 30 
days, 1 year, and 3 years. We performed an anal‑
ysis for 3‑year all‑cause death adjusted for age, 
sex, clinical characteristics, and revascularization.

Statistical analysis  Continuous variables were 
presented as means (SD). Categorical variables 
were presented as percentages and numbers. For 
the in‑hospital data analysis, we used the χ2 test 
for qualitative data and analysis of variance for 
continuous data to test the differences between 
the groups. The unadjusted and adjusted hazard 
ratios were calculated for selected variables in 
the study groups versus the control group with 
the use of the Cox proportional hazards regres‑
sion model. The association between the groups 
and long‑term all‑cause death were analyzed us‑
ing the unadjusted and adjusted Kaplan–Meier 
method for multiple-group comparisons. Adjust‑
ed survival and hazard ratios were calculated us‑
ing the inverse probability method. A P value of 
less than 0.05 was considered statistically signif‑
icant. All reported P values are 2‑tailed. Analyses 
were performed with the use of Statistica, version 
13 (TIBCO Software Inc, 2017, Palo Alto, Califor‑
nia, United States), 2020 NCSS Statistical Soft‑
ware (NCSS LLC, Kaysville, Utah, United States), 
and R, version 4.0.3 (R Foundation for Statisti‑
cal Computing, Vienna, Austria).

Ethics  The investigation conformed to the prin‑
ciples outlined in the Declaration of Helsinki and 
was carried out in accordance with the local ethics 
committee’s policy. The study was not a medical 
experiment and therefore did not require approval 
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tended to be significant (P = 0.05). Bleeding com‑
plications were more frequent in the T2DM group 
compared with the control group (1.8% vs 1.4%; 
P = 0.01) and in the transient hyperglycemia 
group compared with the control group (3.3% 
vs 1.4%; P = 0.01). There were no differences be‑
tween the T1DM or new‑onset diabetes groups 
and the control group.

The  in‑hospital, 30‑day, 12‑month, and 
36‑month outcomes are presented in Table  4. 
The 3‑year all‑cause death rates in patients with 
T1DM, T2DM, transient hyperglycemia, new
‑onset diabetes, and the  control group were 
26.8%, 25.6%, 18.5%, 17.9%, and 16.2%, respec‑
tively (P <0.001). The lowest long‑term survival 
was in the T1DM and T2DM groups. Three‑year 
survival in the  study groups is presented in 

a narrower CI. The RR of cardiogenic shock in 
T1DM was 1.01 (95% CI, 0.33–3.12), and for new
‑onset DM, it was 0.37 (95% CI, 0.02–5.88).

Pulmonary edema was approximately 2‑fold 
more common in the transient hyperglycemia 
and DM groups than in the nondiabetic group 
(1.9%–2.1% vs 1.0%; P <0.001). Patients with 
T1DM had the highest rates of cardiac arrest dur‑
ing hospitalization. In‑hospital all‑cause mortali‑
ty was the highest in the T1DM and T2DM groups 
(6% and 4.8%, respectively). There were no dif‑
ferences between the transient hyperglycemia or 
DM groups and the control group regarding acute 
mechanical complications, such as free‑wall rup‑
ture, ventricular septum rupture, or acute mitral 
regurgitation. However, the differences with re‑
gard to acute mitral regurgitation and reinfarction 

TABLE 1  Baseline characteristics of the study cohort

Parameter Nondiabetics 
(n = 46 434)

T1DM 
(n = 235)

T2DM 
(n = 11 348)

Transient HG 
(n = 271)

New‑onset DM 
(n = 106)

P valuea

Male sex 67.2 60.0 55.2 57.2 57.6 <0.001

Age, y, mean (SD) 64.4 (12.1) 63.2 (13.0) 68.6 (10.3) 67.3 (11.0) 64.1 (10.6) <0.001

BMIb, kg/m2, mean (SD) 27.2 (4.3) 28.4 (5.4) 29.7 (5.1) 30.1 (5.2) 30.0 (4.6) <0.001

Hypertension 68.4 77.0 85.0 77.9 82.1 <0.001

Hyperlipidemia 41.0 44.7 48.0 48.0 55.7 <0.001

Smoking status Former smoker 27.4 37.9 34.1 21.4 22.6 <0.001

Current smoker 34.6 20.4 17.4 27.3 22.6 <0.001

Chronic kidney disease 4.3 15.7 11.2 5.5 6.6 <0.001

History

CVD in the family 11.4 15.7 12.8 12.2 9.4 <0.001

Coronary artery disease 10.8 21.7 21.3 14.0 17.0 <0.001

MI 12.6 18.7 20.0 14.0 17.0 <0.001

PCI 7.5 10.2 12.1 7.8 12.3 <0.001

CABG 2.2 3.8 4.2 1.1 1.9 <0.001

HF 6.2 10.6 10.8 8.5 13.2 <0.001

PAD 4.0 7.2 6.3 5.5 2.8 <0.001

Stroke 3.2 5.1 6.0 4.1 5.7 <0.001

Data are presented as percentage, unless otherwise indicated.

a  the χ2 independence test

b  BMI was calculated as the weight in kilograms divided by the square of the height in meters.

Abbreviation: BMI, body mass index; CABG, coronary artery bypass grafting; CVD, cardiovascular disease; DM, diabetes mellitus; HF, heart failure; 
HG, hyperglycemia; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; T1DM, type 1 diabetes 
mellitus; T2DM, type 2 diabetes mellitus

TABLE 2  Invasive cardiac procedures stratified by the diabetic status

Procedure Nondiabetics 
(n = 46 434)

T1DM  
(n = 235)

T2DM 
(n = 11 348)

Transient HG 
(n = 271)

New‑onset DM 
(n = 106)

P valuea

Cardiac catheterization 43 781 (94.3) 212 (90.2) 10 375 (91.4) 262 (96.7) 103 (97.2) <0.001

PCI 36 979 (79.6) 166 (70.6) 8464 (74.6) 238 (87.8) 92 (86.8) <0.001

CABG 1236 (2.7) 8 (3.4) 371 (3.3) 1 (0.4) 1 (0.9) <0.001

Data are presented as number (percentage).

a  the χ2 independence test

Abbreviation: see Table 1
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group; 5) no differences between groups in terms 
of acute mechanical complications; 6) the high‑
est overall in‑hospital and 3‑year all‑cause death 
rates in the T1DM and T2DM groups.

Previously diagnosed DM, new‑onset DM, 
and transient hyperglycemia are associated with 
adverse outcomes in patients with MI. Hyper‑
glycemia in patients without established DM in 
the setting of MI may be transient and induced by 
stress or may be a reflection of an underlying, un‑
diagnosed metabolic syndrome. For many years, 
the exact definition of stress hyperglycemia has 
not been established.14,15 In 2019, the American 
Diabetes Association guidelines described stress 
hyperglycemia as having a random glucose lev‑
el greater than 140 mg/dl in critically ill patients 
without previous DM diagnosis.16 According to 
this definition, in a recent study, the incidence in 
STEMI patients was 16.8%.17 Similar to our study, 
Gencer et al11 defined hyperglycemia as fasting gly‑
cemia of at least 10 mmol/l (≥180 mg/dl). Among 
3858 patients with ACS, 18.4% had known diabe‑
tes, while 3.6% of nondiabetic patients had hyper‑
glycemia on admission.11

Figure 1A and 1B. After adjustment for age, sex, 
clinical characteristics, and revascularization, pa‑
tients with T1DM had the worst 3‑year surviv‑
al, followed by those with T2DM. Consequently, 
T1DM and T2DM were associated with a signifi‑
cantly higher RR of 3‑year all‑cause death both in 
unadjusted (RR, 1.77; CI 95%, 1.38–2.27 and RR, 
1.68; CI 95%, 1.61–1.75, respectively) and adjust‑
ed analyses (Figure 2A and 2B and Supplementary 
material, Figures S1 and S2 and Table S1).

Discussion  Our large, nationally representative 
study of patients hospitalized with AMI showed 
that the risk of in‑hospital complications and 
long‑term mortality is contingent upon respective 
diabetic status. Our principal findings include: 
1) lower frequency of invasive diagnostic or ther‑
apeutic procedures in patients with DM; 2) sig‑
nificant in‑hospital complications in diabetic and 
transient hyperglycemic patients; 3) significantly 
higher RR of MI complicated by cardiogenic shock 
in patients with T2DM; 4) twice as high rates of 
pulmonary edema in the transient hyperglycemia 
and DM groups compared with the nondiabetic 

TABLE 3  In‑hospital complications of myocardial infarction in the study groups

In‑hospital complications Nondiabetics 
(n = 46 434)

T1DM  
(n = 235)

T2DM 
(n = 11 348)

Transient HG 
(n = 271)

New‑onset DM 
(n = 106)

P valuea

Cardiogenic shock 586 (1.3) 3 (1.3) 205 (1.8) 5 (1.9) 0 <0.001

Free‑wall rupture 35 (0.1) 0 8 (0.1) 0 0 0.97

Ventricular septal rupture 30 (0.1) 0 8 (0.1) 0 0 0.98

Acute MR 19 (0.0) 0 13 (0.1) 0 0 0.05

Pulmonary edema 482 (1.0) 5 (2.1) 226 (2.0) 6 (2.2) 2 (1.9) <0.001

Reinfarction 131 (0.3) 3 (1.3) 40 (0.4) 1 (0.4) 0 0.05

In‑hospital cardiac arrest 981 (2.1) 8 (3.4) 299 (2.6) 3 (1.1) 1 (0.9) 0.004

Bleeding 668 (1.4) 5 (2.1) 200 (1.8) 9 (3.3) 0 0.006

Stroke 103 (0.2) 1 (0.4) 43 (0.4) 1 (0.4) 0 0.048

Pacemaker 193 (0.4) 1 (0.4) 78 (0.7) 3 (1.1) 0 0.002

ICD / CRT‑D 96 (0.2) 0 23 (0.2) 0 1 (0.9) 0.42

All‑cause death 1527 (3.3) 14 (6.0) 549 (4.8) 0 1 (0.9) <0.001

Data are presented as number (percentage).

a  the χ2 independence test

Abbreviations: CRT‑D, cardiac resynchronization therapy‑defibrillator; ICD, implantable cardioverter‑defibrillator; MR, mitral regurgitation; others; see 
Table 1

TABLE 4  All‑cause death during 3‑year follow‑up in the study groups

Follow‑up Nondiabetics 
(n = 46 434)

T1DM  
(n = 235)

T2DM 
(n = 11 348)

Transient HG 
(n = 271)

New‑onset DM 
(n = 106)

P valuea

In‑hospital 1527 (3.3) 14 (6.0) 4.8 (549) 0 0.9 (1) <0.001

30‑day (including hospitalization) 1795 (3.9) 18 (7.7) 655 (5.8) 7 (2.6) 2 (1.9) <0.001

12‑month 4325 (9.3) 35 (14.9) 1699 (15.0) 30 (11.1) 9 (8.5) <0.001

36‑month 7502 (16.2) 63 (26.8) 2910 (25.6) 50 (18.5) 19 (17.9) <0.001

Data are presented as number (percentage).

a  the χ2 independence test

Abbreviations: see Table 1
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Figure 1�  Kaplan–Meier curves for 3‑year all‑cause death in the study groups: A – unadjusted; B – adjusted for age, sex, clinical characteristics, and 
revascularization 
Abbreviations: see Table 1
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Langerqvist et al21 not only emphasized increased 
post‑PCI survival rates in all patients in gener‑
al but, more importantly, the improved survival 
rates in the DM population in particular.

Our findings concur that MVD is more preva‑
lent in patients with T2DM compared with oth‑
er populations. Some reports state that diabetic 
patients are more likely to have extensive CAD.18 
Our study concluded that T1DM and T2DM 
groups had higher rates of CABG surgery than 
the control group due to superiority of CABG over 
PCI in treatment of MVD both in chronic coro‑
nary syndromes22-24 and ACS.25 In a large study, 
CABG was associated with better outcomes com‑
pared with PCI for MVD.25 Importantly, the study 
showed that patients undergoing CABG (as com‑
pared with PCI) had 37% less major adverse cardi‑
ac or cerebrovascular events and a 52% reduction 
in all‑cause death in the long term in patients 
with and without ACS. In our study, the num‑
ber of invasive interventions performed in adults 
with new‑onset diabetes and transient hypergly‑
cemia was similar to that in non‑DM patients.

While analyzing complications in our cohort, 
we observed the highest bleeding rate in the tran‑
sient hyperglycemic group, which perhaps was 

Clinical trials indicate a higher-risk profile 
for CAD in those with DM compared with those 
without. A study including 6700 patients with 
MI showed higher rates of hypertension, histo‑
ry of CAD, MI, and congestive HF in diabetics 
than in nondiabetics, which is consistent with 
our findings.18

Our study evaluated differences in therapeu‑
tic strategies used to treat patients with transient 
hyperglycemia or DM compared with the con‑
trol group. An invasive diagnostic procedure was 
used in more than 90% of cases in all 5 groups; 
however, invasive treatment strategies varied per 
group. As in previously reported studies, inva‑
sive diagnostic and therapeutic procedures were 
less common in patients with either T1DM or 
T2DM than in non‑DM, transient hyperglyce‑
mia, or new‑onset diabetes groups.3 Immediate 
coronary reperfusion is recommended in all pa‑
tients with acute STEMI. In high‑risk NSTEMI 
patients, coronary angiography is recommend‑
ed within 24 hours of hospital admission.19 
Shemesh and Zafir20 showed that diabetes was 
an independent predictor of late or repeated re‑
vascularization and long‑term mortality in very 
old patients undergoing coronary angiography. 

Figure 2�  Hazard ratios 
for 3‑year all‑cause death 
in the study groups: 
A – unadjusted; 
B – adjusted for age, sex, 
clinical characteristics, 
and revascularization 
Abbreviations: see 
Table 1
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an independent predictor of HF after MI, left ven‑
tricular diastolic dysfunction has been suggest‑
ed to be a potential mechanism resulting in ele‑
vated left ventricular filling pressure.33 In a study 
by Lamblin et al,33 DM was an independent pre‑
dictor of cardiovascular death or rehospitaliza‑
tion for HF during 1‑year follow‑up. Since stress 
hyperglycemia presents as an independent pre‑
dictor for adverse left ventricular remodeling, 
Shuai et al34 suggested this noninvasive param‑
eter may be used to estimate its risk.

Our study showed no differences between 
groups in terms of acute mechanical complica‑
tions. The largest analyses of mechanical compli‑
cations post‑MI showed that the rates of mechan‑
ical complications are low; however, these rates 
did not improve between 2003 and 2015.35 DM 
was not a predictor of mortality among patients 
with mechanical complications.35

Diabetes is associated with an increased in
‑hospital3 and long‑term mortality.4 -6 In our 
study, both T1DM and T2DM were indepen‑
dent factors of mortality in long‑term (3‑year) 
follow‑up, which is consistent with the results 
of Norhammar et al.36 Long‑term mortality was 
higher in diabetic patients compared with those 
without DM and this mortality gap increased 
with follow‑up time.36 Similarly, in a study by 
Alabas et al,4 in over 1.94 million person‑years 
of follow‑up including over 120 000 patients with 
diabetes, at index AMI, diabetes was associated 
with significant long‑term excess mortality com‑
pared with the effects of comorbidities, risk fac‑
tors, and cardiovascular treatments. Similarly to 
Seo et al,37 we found that patients with new‑onset 
DM did not differ in terms of long‑term progno‑
sis compared with those without DM.

Controversy remains regarding the prognostic 
value of hyperglycemia in patients without DM 
hospitalized with MI with regard to long‑term 
outcomes. Blood glucose measured at admission 
and fasting glucose have been suggested as useful 
criteria for triage of nondiabetic ACS, of which 
the latter is considered beneficial in the long
‑term follow‑up.38 Gencer et al11 determined that 
among nondiabetic patients hospitalized with 
ACS, a fasting hyperglycemia of at least 10 mmol/l 
predicted 1‑year mortality. Monteiro et al39 de‑
termined that hyperglycemia at admission due 
to ACS was a short‑term and long‑term negative 
prognostic marker, particularly in nondiabetic pa‑
tients, being a strong independent predictor of 
in‑hospital mortality. The finding that the prog‑
nostic impact of admission glycemia and stress 
hyperglycemia is different in patients with and 
without previously known diabetes was also con‑
firmed in other studies.11,12,40 Kosiborod et al40 
showed that higher admission plasma glucose 
(APG) levels were associated with elevated 30‑day 
and 1‑year mortality, in which the nondiabet‑
ic group predominated. Similarly, in a study by 
Ritsinger12 the event rate was the highest in in‑
dividuals without known diabetes and with APG 
greater than 11 mmol/l (198 mg/dl), followed 

caused by the smaller group size. Our patients 
with T1DM and T2DM had higher bleeding com‑
plication rates compared with nondiabetics. Simi‑
larly, the incidence of 30‑day bleeding events in a 
study by Zhang et al26 was higher for DM patients 
than nondiabetics (6.2% vs 0.9%; P <0.05). DM 
is an independent risk factor for post‑MI hem‑
orrhagic complications, and it is one of the 8 pa‑
rameters assessed via the CRUSADE bleeding risk 
scale for patients with NSTEMI.27 We observed 
a tendency for a higher reinfarction rate in DM 
groups compared with nondiabetics. Giorda et al28 
revealed that every year, 6.1% of diabetic patients 
with a prior cardiovascular event developed a new 
major atherosclerotic complication. Insulin ther‑
apy is a risk stratifier for stent thrombosis and 
other PCI‑related adverse events.6 Stress hyper‑
glycemia may contribute to the formation of in‑
tracoronary thrombus and has been identified 
as a better predictive value than blood glucose 
levels on admission.29 Strategies to balance isch‑
emic events and bleeding complications still re‑
quire further investigation.30

Similarly to previous studies,17,18 our results 
showed that cardiogenic shock was more common 
in patients with DM and transient hyperglyce‑
mia. The rates of cardiogenic shock in the T2DM 
group and transient hyperglycemia groups were 
1.8% and 1.9%, respectively (vs 1.3% in the con‑
trol group), but only T2DM was associated with 
a significantly higher RR of MI complicated by 
cardiogenic shock. A larger study group would be 
required for a narrower CI and to obtain statisti‑
cal significance. According to the TRACE registry, 
cardiogenic shock develops approximately twice 
as often in diabetic than in nondiabetic patients 
with AMI.18 This observation is consistent with a 
study by Echouffo‑Tcheugui et al3 which covered 
a major cohort of 1 332 530 hospitalizations for 
acute MI. A pre‑existing diagnosis of DM increas‑
es the risk of cardiogenic shock. Among patients 
hospitalized for AMI between 2012 and 2014, 
5.5% of MI cases were complicated by cardiogen‑
ic shock, which occurred more frequently among 
DM patients.3 Additionally, Khalfallah et al17 re‑
ported that MI complicated by cardiogenic shock 
was more prevalent in the stress hyperglycemia 
group than in nondiabetics (P = 0.001).

The risk of pulmonary edema in our study 
was roughly twice as high in all study groups as 
compared with the control group. This concurs 
with previous studies. Gencer et al11 showed that 
among nondiabetic patients hospitalized with 
ACS, patients with a fasting hyperglycemia of 
10 mmol/l or more, compared with nonhyper‑
glycemic patients, were more likely to present 
with STEMI and acute HF. Patients with DM have 
a measurably higher risk of acute pulmonary ede‑
ma compared with those without DM (11% and 
4%, respectively).31 The risk of developing HF as 
a complication after MI was 1.5- to 2‑fold high‑
er in diabetic patients compared with nondiabet‑
ics, irrespective of normal left ventricular ejection 
fraction or previous MI.32 As DM still remains 
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Despite the higher complication and mortality 
rates in post‑MI diabetic patients, those patients 
did not differ significantly from their nondiabet‑
ic counterparts in terms of the rates of mechan‑
ical complications of acute MI. This study high‑
lights important differences (in terms of clinical 
correlates and outcomes) between patients with 
transient hyperglycemia and those with different 
types of DM hospitalized for MI. The findings of 
this and other relevant studies will increase our 
understanding of MI occurring in diabetic pa‑
tients and, ultimately, help develop better treat‑
ment strategies and optimize medical care in pa‑
tients with diabetes.

Supplementary material

Supplementary material is available at www.mp.pl/paim.
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