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A B S TRACT
Background: Diabetes mellitus (DM) is known to contribute to unfavorable short- and long-term
outcomes in patients with myocardial infarction (MI). Particularly poor outcomes are associated
with left ventricular systolic dysfunction after an MI. Our study aimed to compare the short- and
long-term outcomes of MI in patients with DM and varying degrees of left ventricular systolic dysfunction with the corresponding outcomes in a non-diabetic control group.
Methods: This analysis focused on patients with MI registered in the Polish National Registry of Acute
Coronary Syndrome between 2009 and 2011. For this analysis, diabetic patients were additionally
stratified into three subgroups depending on the degree of left ventricular systolic dysfunction, as
assessed during their hospitalization for MI. Subsequently, the 30-day, 12-month, and 36-month
outcomes in the diabetic study subgroups were compared with those in the corresponding non-diabetic subgroups.
Results: This analysis encompassed a nationwide cohort of 58 123 patients. Twelve- and 36-months
mortality was greater in diabetic patients than in non-diabetic patients. The highest 36-months
mortality (46.64%) was in the group of patients with DM and reduced ejection fraction (EF) <40%.
Multivariate analysis showed diabetes and low EF to be independent risk factors for 36-month
mortality, increasing the risk of death by 35% for diabetes and by 30% for each 5-percentage point
EF decrease. Higher mortality was observed in older patients, smokers, and patients with ischemic
heart disease before the index hospitalization.
Conclusions: Both diabetes and reduced EF proved to be independent risk factors for increased
mortality over a long-term follow-up after MI.
Key words: diabetes mellitus, ejection fraction, heart failure, myocardial infarction

Introduction
Non-cardiovascular comorbidities, depending
on their severity, may render the prognosis for
heart failure (HF) patients clinically challenging [1]. The correlation between diabetes mellitus (DM) and the risk of myocardial infarction
(MI) has been thoroughly documented in the
literature. DM increase the risk of hospitalisation for HF [2]. DM patients more commonly
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require extensive in-hospital treatment for MI
compared to non-DM patients [3]. Diabetes
worsens short- and long-term outcomes in
patients with MI [4–6]. Left ventricular systolic
dysfunction is an independent risk factor for
mortality after MI [5]. Consequently, ejection
fraction (EF) and HF symptoms included in the
New York Heart Association (NYHA) functional
classification are pivotal indicative criteria
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Worse prognosis has been observed in patients with myocardial infarction (MI) and previously diagnosed or new-onset diabetes
mellitus compared with their non-diabetic counterparts. Moreover, diabetes was shown to be an independent risk factor for
hospitalization for heart failure. However, up until now, there have been no large-population studies assessing the long-term
effects of diabetes on the long-term prognosis for patients with various degrees of post-MI left ventricular systolic dysfunction.
We evaluated a nationwide prospective cohort of over 58 000 MI patients in terms of long-term outcomes over three years.

for cardioverter-defibrillator implantation as primary prevention of sudden cardiac death [6–8]. Our study aimed
to compare the short- and long-term outcomes of MI in
patients with diabetes mellitus with varying degrees of left
ventricular systolic dysfunction (quantified in terms of EF
values) with the corresponding outcomes in a non-diabetic
control group.

Methods
Data of 58 123 consecutive patients who were hospitalized
for MI (ST-segment elevation MI [STEMI] or non-ST-segment
elevation MI [NSTEMI]) between January 2009 and December 2011 were obtained from the Polish National Registry
of Acute Coronary Syndrome (PL-ACS). This Registry was
initiated by the Silesian Centre for Heart Diseases in Zabrze
and maintained in cooperation with the Ministry of Health
and the National Health Fund as part of the National Program for the Prevention and Treatment of Cardiovascular
Diseases. This vast nationwide Registry contains detailed
data on over 640 000 patients hospitalized for the acute
coronary syndrome (ACS) in Poland. It is not only the largest registry in Europe, but also it contains the most recent
data relating to epidemiology, treatment, and outcomes
in patients with ACS. Registry entry criteria were described
elsewhere [9]. The investigation conformed to the principles outlined in the Declaration of Helsinki and was carried
out in accordance with the local ethics department’s policy.
The Ethics Committee of the Medical University of Warsaw
was informed about the study (AKBE/81/2019).
The study population consisted of patients with diabetes (type 1, type 2, and new-onset, i.e. diagnosed during
hospitalization) and patients without diabetes who constituted the control group. In line with the classification
adopted within the Registry, patients with DM were defined
as patients who received diabetes treatment (insulin, oral
medications, or diet) before hospitalization, patients with
new-onset diabetes were defined as those whose fasting
blood glucose levels exceeded 7 mmol/l (≥126 mg/dl)
in two measurements or blood glucose levels exceeded
≥11.1 mmol/l (≥200 mg/dl) following an oral glucose
tolerance test conducted after the acute phase of MI [10].
The study population was stratified by EF values and
assessed in terms of short- and long-term MI treatment
outcomes. For this analysis, patients were further stratified
into three subgroups based on the degree of left ventricular systolic dysfunction measured during their index

hospitalization for MI. Left ventricular systolic dysfunction,
expressed using EF, was determined by echocardiography. Based on the last measurement of the degree of left
ventricular systolic dysfunction assessed during hospitalization, diabetic and non-diabetic patients were stratified
into the following subgroups:
• heart failure with reduced ejection fraction (HFrEF;
<40%)
• heart failure with mid-range ejection fraction (HFmrEF;
40%–49%)
• heart failure with preserved ejection fraction (HfpEF;
≥50%).
Short-term (in-hospital and within 30 days post-discharge) and long-term (after 12 and 36 months) outcomes
were assessed. Clinical endpoints are included in Supplementary material, Table S1.

Statistical methods
Continuous variables were presented as means and stan
dard deviations (SD). Categorical variables were presented
as percentages and absolute values. The chi-square test for
frequency data and Student’s t-test for continuous data
were used to test the differences between the groups. The
association between the groups and long-term mortality
was analyzed using the Kaplan-Meier method for multiple
group comparisons. Parameters from Table 1 and EF were
included in the multivariable Cox proportional hazard
model (the backward elimination method) to adjust the
impact of diabetes on mortality at 36 months, and the
results were expressed as hazard ratios (HRs) and 95% confidence interval (CI). Additional models were calculated to
assess the impact of DM on 3-year mortality in different EF
groups, and the impact of mildly reduced (40%–49%) and
reduced (<40%) EF on 3-year mortality in dependence of
diabetic status. Statistical significance was set at P <0.05. All
reported P-values are two-sided. Analyses were performed
with the use of Statistica version 13 (TIBCO Software Inc.,
Palo Alto, CA, USA) and NCSS 2020 Statistical Software, LLC
(Kaysville, Utah, USA).

Results
DM patients (n = 11 689) comprised 20% of the study
cohort, whereas non-diabetic patients (n = 46 434) comprised 80%. Ninety-seven percent of patients with DM were
diagnosed with DM type 2. A total of 41.75% of diabetic
patients and 52.07% of controls were diagnosed with STEMI
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Table 1. Baseline clinical characteristics
Non-DM
Number of patients

DM

46 434

11689

STEMI, n (%)

24 180 (52.07)

4880 (41.75)

NSTEMI, n (%)

22 254 (47.93)

6809 (58.25)

Age, years, mean (SD)
Male gender, n (%)
BMI, kg/m2, mean (SD)

P-value
<0.001

64.4 (12.1)

68.4 (10.4)

<0.001

15 233 (67.19)

5224 (55.31)

<0.001

27.2 (4.3)

29.7 (5.1)

<0.001

Hypertension (BP ≥140/90 mm Hg), n (%)

31 752 (68.38)

9915 (84.82)

<0.001

Hypercholesterolemia, n (%)

19 050 (41.03)

5605 (47.95)

<0.001

Chronic kidney disease, n (%)

2017 (4.34)

1310 (11.21)

<0.001

Former smoker, n (%)

12 739 (27.43)

3983 (34.07)

<0.001

Current smoker, n (%)

16 076 (34.62)

2047 (17.51)

<0.001

Family history of CVD, n (%)

5284 (11.38)

1500 (12.83)

<0.001

Past MI, n (%)

5835 (12.57)

2331 (19.94)

<0.001

Past PCI, n (%)

3476 (7.49)

1411 (12.07)

<0.001

Past CABG, n (%)

1001 (2.16)

492 (4.21)

<0.001

Coronary artery disease, n (%)

5027 (10.83)

2486 (21.27)

<0.001

Heart failure, n (%)

2854 (6.15)

1264 (10.81)

<0.001

Past stroke, n (%)

1474 (3.17)

701 (6.00)

<0.001

PAD, n (%)

1849 (3.98)

730 (6.25)

<0.001

Chronic lung disease, n (%)

1743 (3.75)

582 (4.98)

<0.001

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CVD, cardiovascular disease; DM, patients with diabetes; MI, myocardial infarction;
Non-DM, patients without diabetes; PAD, peripheral artery disease; PCI, percutaneous coronary intervention

Table 2. Invasive cardiac procedures and in-hospital mortality by diabetic status
Non-diabetic
(n = 46 434)

Diabetic
(n = 11 689)

P-value

Cardiac catheterization, n (%)

43 781 (94.29)

11 689 (91.45)

<0.001

Percutaneous coronary intervention, n (%)

36 979 (79.64)

87 22 (74.62)

<0.001

Coronary artery bypass surgery, n (%)

1236 (2.66)

380 (3.25)

<0.001

Death, n (%)

1527 (3.29)

564 (4.83)

<0.001

(P <0.001). The EF ≥50%, EF 40%–49%, and EF <40% subgroups accounted for 53% (n = 30 780), 29% (n = 17 067),
and 18% (n = 10 376) of the study cohort, respectively. The
average EF values in the diabetic and control groups were
46% and 48%, respectively.
Table 1 presents the clinical characteristics of diabetic
and non-diabetic patients. DM patients were usually older,
were less likely to be male, and were more likely to suffer
from chronic kidney disease in comparison with non-diabetic patients. In addition, DM patients were more likely to
have a history of MI, stroke, HF, coronary artery disease, and
peripheral vascular disease. Moreover, the diabetic group
had a higher proportion of former smokers, whereas the
non-diabetic group had a higher proportion of current
smokers. Non-diabetic patients were more likely to have
a history of hypertension and hypercholesterolemia.
In both groups, coronary angiography was performed
in over 90% of cases involving MI. However, it was more
frequently performed in the non-diabetic group than in the
diabetic group (94.29% vs. 91.45%; P <0.001). Furthermore,
non-diabetic patients underwent coronary angioplasty
more often than patients with diabetes (79.64% vs. 74.62%;
P <0.001). Likewise, patients with DM were more often
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qualified for coronary bypass surgery during hospitalization than non-diabetics (3.25% vs. 2.66%; P <0.001).
Table 2 presents the number and percentage of diabetic
and non-diabetic patients who underwent coronary angiography, coronary angioplasty, and coronary artery bypass
surgery, as well as those who died in the hospital.
In multivariate analysis, diabetes (HR, 1.35; 95% CI,
1.30–1.42) and reduced EF (HR, 1.30; 95% CI, 1.29–1.31)
proved to be independent risk factors for increased mortality within 36 months of the follow-up. Moreover, mortality
was elevated in older patients (HR, 1.35; 95% CI, 1.33–1.36,
for each 5-year age interval), smokers (former smokers: HR,
1.11; 95% CI, 1.07–1.17; current smokers: HR, 1.24; 95%
CI 1.17–1.31), and patients with a history of ischemic heart
disease (HR, 1.22; 95% CI, 1.16–1.28). Additionally, multivariate analysis showed hypercholesterolemia, hypertension,
and higher body mass index (BMI) to be independent
factors for lower mortality.
Diabetes increased the risk of death in all EF subgroups. The strongest effect was observed in the EF 40%–
–49% subgroup. On the other hand, low EF (<40%) doubled the risk of death in both diabetic and control groups
in comparison with the risk of death in the preserved-EF
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36-month mortality
Hazard ratio (95% CI)

P-value

Age (per 5 years more)

Hazard ratio (95% CI)

<0.0001

1.35 (1.33–1.36)

0.52

0.99 (0.94–1.03)

BMI (per 5 units more)

<0.0001

0.92 (0.90–0.95)

Hypertension

0.0005

0.92 (0.88–0.97)

Hypercholesterolemia

<0.0001

0.81 (0.77–0.84)

Former smoker

<0.0001

1.11 (1.06–1.17)

Active smoker

<0.0001

1.24 (1.17–1.31)

Coronary artery disease prior to MI

<0.0001

1.22 (1.16–1.28)

Diabetes mellitus

<0.0001

1.35 (1.30–1.42)

<0.0001

1.30 (1.29–1.31)

Female gender

EF (per 5% less)
0.66

Lower mortality

1

1.0

Higher mortality

Figure 1. Multivariate analysis
Abbreviations: BMI, body mass index; CI, confidence interval; EF, ejection fraction; MI, myocardial infarction

Table 3. The adjusted hazard ratio for death at 36 months for
patients with DM vs. non-DM stratified by EF. Parameters used for
adjustment: age, sex, body mass index, hypertension, hypercholesterolemia, smoking, history of coronary artery disease before index
myocardial infarction
EF

Table 4. The adjusted hazard ratio for death at 36 months for
patients with mildly reduced (40%–49%) and reduced (<40%) EF in
control and diabetic groups. Parameters used for adjustment: age,
sex, body mass index, hypertension, hypercholesterolemia, smoking,
history of coronary artery disease before index myocardial infarction
Control HR (95% CI)

Diabetes HR (95% CI)

≥50%

1.41 (1.30–1.54)

HR (95% CI)
EF 40%–49% (vs. ≥50%)

1.57 (1.48–1.67)

1.63 (1.48–1.79)

40%–49%

1.42 (1.31–1.54)

EF <40% (vs. 40%–49%)

1.93 (1.88–1.99)

1.86 (1.78–1.95)

<40%

1.25 (1.17–1.34)

EF <40% (vs. ≥50%)

2.37 (2.24–2.51)

2.11 (1.94–2.30)

Abbreviations: HR, hazard ratio; CI, confidence interval; other — see Figure 1 and
Table 1

Abbreviations: see Figure 1 and Table 3

Table 5. Total mortality (including in-hospital mortality) in DM and non-DM stratified by EF
Total mortality over the
follow-up period

30 days, n (%)

Control

DM

Control

DM

Control

DM

EF ≥50%
(n = 25 388)

EF ≥50%
(n = 5 292)

EF 40%–49%
(n = 13 393)

EF 40%–49%
(n = 3 674)

EF <40%
(n = 7 653)

EF <40%
(n = 2 723)

101 (1.91)

437 (3.26)

163 (4.44)

1045 (13.65)

313 (1.23)
P <0.001

12 months, n (%)

1140 (4.49)

P <0.001
387 (7.31)

1151 (8.59)

P <0.001
36 months, n (%)

2405 (9.47)

499 (13.58)

2034 (26.58)

P <0.001
795 (15.02)

P <0.001

2169 (16.20)

411 (15.09)
P = 0.06
857 (31.47)
P <0.001

927 (25.23)
P <0.001

2928 (38.26)

1270 (46.64)
P <0.001

Abbreviations: see Figure 1 and Table 1

subgroups (EF >50%). All multivariate analysis results are
presented in Figure 1 and Tables 3 and 4.
All patients completed a 3-year follow-up. The total
mortality rate over 36 months (including in-hospital mortality) is shown in Table 5. Kaplan-Meier curves show the
total risk of death during the 36-month follow-up in all
evaluated groups (Figure 2).

Analysis of cardiovascular events after hospital
discharge
Long-term (12- and 36-month) follow-up after hospital
discharge demonstrated a higher risk of re-infarction and
stroke in all three EF subgroups of diabetic patients than in
non-diabetic patients. Diabetic patients from all three EF sub-

groups were also more likely to be hospitalized for HF than
non-diabetic patients. This observation was true for both
the short-term (30-day) and long-term (12- and 36-month)
follow-ups. Diabetes was also associated with higher rates
of end-stage renal disease and the resultant need for dialysis
in all EF subgroups. The diabetic subgroup with the lowest
EF of <40% showed that the rates of coronary angiography,
coronary angioplasty, or coronary artery bypass grafting
(CABG), within the 12- and 36-month follow-up periods, were
no higher than those in the control group. Cardiovascular
events over the 30-day, 12-month, and 36-month post-discharge follow-up have been presented in Table 6.
After hospital discharge, there was no difference in
the 30-day mortality in the EF <40% and EF 40%–49%
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Table 6. Three-year post-discharge outcomes in non-diabetic and diabetic patients stratified by ejection fraction

Death, n (%)

Follow-up

Non-DM, EF ≥50%
(n = 25 075)

DM, EF ≥50%
(n = 5191)

30 days

107 (0.43)

34 (0.65)

Non-DM, EF 40%–49% DM, EF 40%–49% Non-DM, EF <40%
(n = 12 956)
(n = 3511)
(n = 6608)
113 (0.87)

42 (1.19)

P = 0.03
12 months

910(3.62)

36 months

315 (6.04)

2175 (8.65)

788 (6.05)

723 (13.86)

30 days

215 (0.85)

58 (1.11)

984 (3.91)
1720 (6.84)
39 (0.16)

1143 (8.77)

241 (0.96)

44 (0.34)

656 (2.61)

30 days

183 (0.73)
864 (3.43)
1541 (6.13)

30 days

2904 (11.54)
10 831 (43.06)
13 981 (55.58)

30 days

1608 (6.39)
6426 (25.55)
8132 (32.33)

30 days

1411 (5.61)
5077 (20.18)
6144 (24.42)

30 days

256 (1.02)
1460 (15.80)
1624 (6.46)

30 days

8 (0.03)
48 (0.19)
108 (0.43)

30 days

0 (0.00)
2 (0.01)
11 (0.04)

176

0 (0.00)

7 (0.05)

6 (0.09)

3 (0.13)
P = 0.62

1 (0.03)

17 (0.13)

190 (8.03)

P = 0.04

P = 0.56
1 (0.02)

P = 0.35

634 (9.43)

0 (0.00)

135 (5.71)

P = 0.39
57 (1.61)

0 (0.00)

P = 0.52
36 months

417 (6.20)

P = 0.88
0 (0.00)

22 (0.93)
P = 0.56

22 (0.62)

205 (1.57)

12 months

54 (0.80)

P = 0.80
19 (0.36)

158 (6.68)

P = 0.83
3 (0.08)

86 (0.66)

P = 0.51
CRT-D, n (%)

458 (6.81)

P = 0.80
9 (0.17)

131 (5.54)

P = 0.43
302 (8.53)

13 (0.10)

P = 0.78
36 months

402 (5.98)

P = 0.006
1 (0.02)

34 (1.44)
P = 0.24

272 (7.68)

932 (7.15)

P = 0.63
12 months

76 (1.13)

P = 0.004
476 (9.12)

523 (22.11)

P = 0.12
52 (1.47)

822 (6.31)

P <0.001
ICD, n (%)

1385 (20.60)

P = 0.09
420 (8.05)

403 (17.04)

P = 0.39
921 (26.00)

146 (1.12)

P <0.001
36 months

1094 (16.27)

P = 0.006
84 (1.61)

109 (4.61)

P = 0.77
728 (20.55)

3095 (23.76)

P <0.001
12 months

300 (4.46)

P = 0.22
1467 (28.11)

758 (32.05)

P = 0.23
207 (5.84)

2558 (19.63)

P <0.001
CABG, n (%)

2065 (30.71)

P = 0.70
1166 (22.35)

570 (24.10)

P = 0.29
1241 (35.04)

784 (6.02)

P <0.001
36 months

1549 (23.04)

P = 0.005
325 (6.23)

135 (5.71)

P = 0.83
974 (27.50)

4241 (32.55)

P = 0.080
12 months

376 (5.59)

P = 0.046
1893 (36.28)

1696 (71.71)

P <0.001
245 (6.92)

3366 (25.84)

P <0.001
PCI, n (%)

4570 (67.97)

P = 0.94
1449 (27.77)

1417 (59.92)

P <0.001
2366 (66.80)

906 (6.95)

P <0.001
36 months

3696 (54.97)

P <0.001
364 (6.98)

479 (20.25)

P <0.001
1861 (52.54)

7703 (59.13)

P = 0.12
12 months

1119 (16.64)

P <0.001
3400 (65.16)

867 (36.66)

P <0.001
547 (15.44)

6034 (46.32)

P <0.001
Cardiac catheterization, n (%)

2018 (30.01)

P <0.001
2630 (50.40)

614 (25.96)

P <0.001
726 (20.50)

1726 (13.25)

P <0.001
36 months

1390 (20.67)

P <0.001
728 (13.95)

169 (7.15)

P <0.001
426 (12.03)

1463 (11.23)

P <0.001
12 months

330 (4.91)

P <0.001
661 (12.67)

151 (6.38)

P = 0.002
104 (2.94)

816 (6.26)

P <0.001
Hospitalization
for renal failure,
n (%)

320 (4.76)

P <0.001
380 (7.28)

74 (3.13)

P <0.001
172 (4.86)

189 (1.45)

P <0.001
36 months

130 (1.93)

P <0.001
63 (1.21)

17 (0.72)
P = 0.07

76 (2.15)

453 (3.48)

P <0.001
12 months

28 (0.42)

P = 0.01
216 (4.14)

361 (15.26)

P <0.001
14 (0.40)

201(1.54)

P <0.001
Hospitalization
for heart failure,
n (%)

771 (11.47)

P = 0.61
82 (1.57)

226 (9.56)

P <0.001
501 (14.14)

P <0.001
36 months

495 (7.36)

P <0.001
18 (0.34)

42 (1.78)

P = 0.87
298 (8.41)

P = 0.004
12 months

116 (1.73)

P <0.001
575 (11.02)

914 (38.65)

P <0.001
58 (1.64)

644 (4.94)

P <0.001
30 days

2002 (29.77)

P = 0.03
341 (6.54)

501 (21.18)

P <0.001
795 (22.44)

152 (1.17)

P <0.001
36 months

1110 (16.51)

P <0.001

P = 0.07
12 months

Stroke, n (%)

367 (10.36)

1806 (13.86)

80 (3.38)

P = 0.12

P <0.001

P <0.001
Myocardial
infarction, n (%)

185 (2.75)

P = 0.08

P <0.001

DM, EF <40%
(n = 2312)

72 (1.07)

22 (0.93)
P = 0.42

7 (0.20)
P = 0.82
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Table 6 (cont.). Three-year post-discharge outcomes in non-diabetic and diabetic patients stratified by ejection fraction

ICD/CRT-D, n (%)

Follow-up

Non-DM, EF ≥50%
(n = 25 075)

DM, EF ≥50%
(n = 5191)

30 days

8 (0.03)

1 (0.02)

Non-DM, EF 40%–49% DM, EF 40%–49% Non-DM, EF <40%
(n = 12 956)
(n = 3511)
(n = 6608)
13 (0.10)

3 (0.08)

P = 0.63
12 months

51 (0.20)

36 months

9 (0.17)

119 (0.47)

93 (0.71)

20 (0.38)

23 (0.65)

219 (1.68)

30 days

3452 (13.72)

6 months

610 (11.69)

6134 (24.38)
6454 (25.66)

3440 (26.40)

1234 (23.65)

3590 (27.56)

30 days

37 (0.15)

12 months

23 (0.44)

121 (0.48)

34 (0.26)

67 (1.28)

171 (0.68)

699 (10.40)

655 (18.49)

1363 (20.27)

708 (19.99)

1443 (21.46)

110 (2.11)

26 (0.39)

24 (1.01)
P <0.001

68 (1.92)

132 (1.01)

414 (17.51)

P <0.001

P <0.001

P <0.001

391 (16.53)

P <0.001

20 (0.56)

91 (0.70)

203 (8.58)

P = 0.01

P = 0.005

P <0.001
36 months

303 (8.55)

P <0.001

P <0.001

235 (9.94)

P = 0.08

P <0.001

P = 0.002
Dialysis, n (%)

756 (11.24)

P <0.001
1152 (22.08)

156 (6.60)

P = 0.29
63 (1.78)

1796 (13.79)

P <0.001
12 months

487 (7.24)

P = 0.69

P <0.001

25 (1.06)
P = 0.47

P = 0.68

P = 0.38
Cardiac rehabilitation, n (%)

60 (0.89)

P = 0.80

P = 0.65

DM, EF <40%
(n = 2312)

83 (1.23)

65 (2.75)
P <0.001

102 (2.88)
P <0.001

112 (1.67)

85 (3.59)

P <0.001

Abbreviations: CABG, coronary artery bypass grafting; CRT-D, cardiac resynchronization therapy device; ICD, implantable cardioverter-defibrillator; PCI, percutaneous coronary intervention; other — see Figure 1 and Table 1
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30 days
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Figure 2. 36-month mortality in diabetic and control groups stratified by ejection fraction
Abbreviations: see Figure 1

subgroups, regardless of diabetes status. However, in the
EF ≥50% subgroup, the 30-day mortality was significantly
higher in patients with diabetes (P = 0.03).
Similarly, in terms of left ventricular systolic dysfunction,
12- and 36-month post-discharge mortality was significantly higher in all diabetic subgroups compared with
that in the control subgroups (P <0.001). For non-diabetic
patients, the annual mortality rates after hospital discharge
in the EF ≥50%, EF 49%–50%, and EF <40% subgroups were
3.62%, 6.05%, and 16.51%, respectively. The 12-month post-discharge mortality rates in the corresponding diabetic
EF subgroups were considerably higher at 6.04%, 10.36%,
and 21.18%, respectively. Ultimately, the highest 36-month
mortality (38.65%) was found in patients with diabetes and
an EF of <40%.

No significant differences were observed between
patients with and without DM across all subgroups over
the 30-day and 12-month follow-up periods in terms
of the use of implantable cardiac defibrillators (ICD) or
cardiac resynchronization therapy devices (CRT-D). This
is in contrast with the 36-month follow-up data, in which
non-diabetics from the EF <40% subgroup had higher rates
of ICD implantation procedures compared with patients
with DM from the EF <40% subgroup (P <0.05). There was
no difference in the rates of CRT-D implantation between
diabetic and non-diabetic patients.
Unexpectedly, patients with diabetes participated less
often in cardiac rehabilitation than patients in the control
group over the 1-year follow-up. Despite proven benefits of cardiac rehabilitation, the proportions of diabetic

www.journals.viamedica.pl/k ardiologia_polsk a

177

KARDIOLOGIA POLSKA

patients from EF ≥50%, 40%–49%, and <40% subgroups
who underwent this type of treatment were lower, 23.65%,
19.99%, and 17.51%, respectively, than in the corresponding non-diabetic subgroups (25.66%, 27.56%, and 21.46%,
respectively).

Discussion
The present study attempted to assess the long-term
prognosis for diabetic patients who were treated for MI. The
outcomes in diabetic patients with reduced left ventricular
EF were particularly unfavorable, compared with those in
non-diabetic patients with similar EF values.
Long-term outcomes of diabetic patients after MI in
the era of thrombolytic treatment have been assessed pre
viously. The GUSTO-I study reported the annual mortality
among diabetic patients with STEMI to be 14.5%, compared
to 8.9% in non-diabetics [11]. Similar observations come
from the OASIS and Valiant trials [12–13]. Also, the contemporary literature includes studies demonstrating a poor
prognosis for diabetic patients undergoing treatment for
MI [14]. Diabetic patients with MI are at a higher risk of adverse events than non-diabetic patients with MI (HR, 1.40;
95% CI, 1.20–1.64; P <0.001). Multivariate analysis results
indicated that acute revascularization and medical therapy
with aspirin and inhibitors of the renin-angiotensin system
may improve patients’ prognoses [14]. DM patients with
reduced EF are more commonly found to receive insulin or
no anti-diabetic treatment compared to DM with normal
range EF. Conversely, a tendency towards oral anti-diabetic
medication is observed in normal EF range DM patients [3].
New classes of antidiabetic drugs, such as sodium-glucose
cotransporter-2 (SGLT-2) inhibitors and glucagon-like
peptide-1 receptor agonists (GLP-1-RAs), are nowadays
recommended in diabetes mellitus type 2 (DM2) patients
with cardiovascular disease to improve outcomes [15].
Empagliflozin decreased the death rate from cardiovascular causes, non-fatal MI, and stroke and death from any
cause in patients with DM2 at high risk for cardiovascular
events, as compared with placebo [16]. In the LEADER Trial,
Liraglutide reduced the risk of death from cardiovascular
causes, MI and stroke in patients with DM [17].
We analyzed the prognosis for MI patients based on the
degree of left ventricular systolic dysfunction (expressed in
terms of EF). Stolfo et al. concluded that the EF assessed at
hospital discharge proved to be a better predictor than the
EF recorded earlier during hospitalization [18]. Our study
results were based on the last measurement of EF made
during hospitalization. Solomon et al. [19] revealed that
most of the observed functional improvement occurred by
day 14 after MI. The improvement in left ventricular EF after
MI begins within three days of coronary revascularization
[19]. Stolfo et al. [18] evaluated EF at three different time
points after STEMI (<24 hours after coronary angioplasty, at
hospital discharge, and three months after MI) and reported
that the independent predictors of decreased EF (<35%)
3 months after revascularization are creatinine levels on
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hospital admission, peak troponin I levels, and EF during
hospitalization. In our analysis, patients with DM from all
evaluated EF ranges fared worse than their non-diabetic
counterparts in the long-term follow-up, as evidenced
by increased risks of mortality, stroke, re-infarction, hospitalization for HF, and end-stage renal failure requiring
dialysis. The mortality rate in patients with HF, or reduced
EF after MI, was twice as high as in patients with preserved
or mid-range EF and no symptoms of HF [20, 21].
Yet another important observation from our study
concerns the prognosis for patients with mid-range ejection fraction. Our study revealed that patients with EF of
40%–49% have a much worse prognosis than those with
preserved EF regardless of their diabetic status. Multivariate
analysis results showed that patients with EF of 40%–49%
from both the diabetic and control groups had an over 50%
higher risk of death compared with the groups with an EF
of ≥50%. There have been no data in the current literature
that are consistent with our findings.
Our study proves beyond any doubt that patients
with diabetes are more prone to cardiovascular events
and hospitalization prompted by HF. Re-infarction was
more common among diabetic patients in all three EF
subgroups. Similarly, the EPHESUS study assessed the
impact of diabetes on the prognosis for patients with MI
with reduced EF. Diabetes was also identified as an independent risk factor for the onset of another MI, but not
necessarily resulting in death. However, no correlation
was found between diabetes and the incidence of fatal MI
during 2.5 years of follow-up [22]. In our study, diabetes
correlated with the rate of hospitalizations for HF across
all three EF subgroups. In an observational registry, ACS
exacerbated by HF was shown to result in significantly
worse outcomes than ACS without HF over a 6-month
follow-up. HF was associated with reduced hospitalization
and 6-month survival rates across all ACS subsets. ACS
patients who were diagnosed with HF on admission had
an approximately threefold decrease in their 6-month
post-discharge survival rate (mortality rates of 8.5% in
those with an admission diagnosis of HF vs. 2.8% in those
without HF, respectively; P <0.001) and were also more
likely to be re-hospitalized (23.6% vs. 15.7%, respectively, P <0.001) [23]. Similarly, Hung et al. [24] showed that
the incidence of death in patients with MI complicated by
HF was greater than in patients without HF after a 1-year
follow-up. Development of HF within 90 days of the index
MI hospitalization yielded an adjusted HR of 2.7 for 1-year
mortality in 90-day survivors.
Every 5% reduction in EF increases the risk of cardiac
arrest or sudden cardiac death by 21% in the first 30 days
after MI [5]. Similarly, our patients with reduced EF had
a much higher 30-day mortality rate (15.09% in DM and
13.65% in non-DM patients) compared with patients with
mid-range EF (4.04% in DM and 3.36% in non-DM patients).
We concluded that a reduction in EF increased 36-month
mortality by 30% for each 5% decrease in EF.
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Future investigations after the implementation of new
recommendations will be interesting. SGLT-2 inhibitors
in addition to standard care found a new place for both
diabetic and non-diabetic patients with cardiovascular
disease. Dapagliflozin or empagliflozin are recommended
for patients with symptomatic HF and EF≤40% despite
optimal medical therapy to reduce the risk of hospitalization and death. This first-class recommendation of the ECS
guidelines results from recently conducted studies [25, 26].
We identified the following three parameters as
independent factors for lower mortality: BMI, hypercholesterolemia, and hypertension. Higher BMI and lower
mortality in chronic coronary artery disease and ACS
patients are considered a “BMI paradox”. Our observations are consistent with those resulting from analysis
of other large registries [27, 28]. In the registry, which is
a collection of data on 64 436 patients who underwent
coronary angiography due to ACSs, the relation between
BMI and mortality was U-shaped, the lower risk of mortality was noted in moderately overweight patients (BMI of
26.5–28 kg/m2) [27]. In-hospital mortality was also assessed
in over 50 000 patients hospitalized for STEMI in the United
States [28]. Using patients with BMI between 30 kg/m2 and
35 kg/m2 as a reference, risk-adjusted in-hospital mortality
rates were significantly higher only for patients with BMI
of ≥40 kg/m2 (HR, 1.64; CI, 95% 1.32–2.03).
Epidemiological data about the association between
hypertension and prognosis in patients with ACS are
inconclusive [29]. Some studies showed an unfavorable
association between hypertension and in-hospital [30],
30-day [31], or long-term prognosis [32], whereas other
studies demonstrated no association between hypertension and long-term mortality or even showed higher
mortality in normotensive patients [33]. The possible explanation of lower mortality in patients with hypertension
and hypercholesterolemia may be associated with the use
of angiotensin-converting enzyme inhibitors, β-blockers,
and statins in the period before hospitalization.
Our analysis of the 36-month data revealed that
a greater proportion of non-diabetic patients in the EF
<40% subgroup received an ICD compared with diabetic
patients (P <0.05), despite the current guidelines. By way
of explanation, diabetes may curtail the effectiveness
of ICDs in patients with reduced EF [34]. In addition, in
a recent meta-analysis [35] including a combined total of
3359 patients from MADIT I, MADIT II, DEFINITE, and SCDHeFT studies, ICD implantation reduced overall mortality
in non-diabetic patients but not in patients with DM. It is,
therefore, imperative that prospective research studies be
performed on whether to implant ICDs in patients with
diabetes and reduced EF.
In-hospital and post-discharge care for AMI patients
is related to a major adverse cardiovascular events rate
reduction by 45% in 3 months [36]. Although cardiac rehabilitation after MI has been proven to reduce cardiovascular mortality by 20%, diabetic patients participated less

frequently in cardiac rehabilitation within the first year after
their MI (regardless of EF values) [37]. In addition, cardiac
rehabilitation after MI improves exercise capacity, which is
significantly lower in patients with diabetes compared to
that in non-diabetics [38]. Consequently, greater emphasis
should be placed on referring diabetic patients for cardiac
rehabilitation.

Study strengths and limitations
The strength of this study derives from analyzing an extensive data set and the use of uniform diagnostic and
treatment procedures. The percentage of missing values
in the PL-ACS registry used in multivariate analyses was
low (<0.5%) thus multivariate analyses were performed
with the exclusion of patients with missing data. Since this
was a non-randomized observational study, the possible
interdependence of some variables, including the effects
of the patients’ medications, is unknown. We were unable
to measure the EF after the index hospitalization. Possibly, the inter-observer variability could be an issue in this
study, but the huge number of patients we analyzed from
the different centers strongly reduces the possibility of its
negative impact.

Conclusion
We presented data, representing 36-month post-MI follow-up, obtained from a large national ACS Registry. In
addition, we conducted outcome analyses as a function
of the degree of left ventricular systolic dysfunction after
MI. The worst outcome with a 36-month mortality rate of
46.64% was in patients with diabetes and EF below 40%.
In our multivariate analysis, diabetes and decreased EF
after MI were independent risk factors of mortality during
the 36-month follow-up.
Finally, we would like to emphasize that the present
study is only an attempt to highlight the common clinical
problems posed by MI treatment in patients with comorbid diabetes. Certainly, further research on the group of
patients with mid-range EF would be interesting.
Our study is intended to spur a discussion on multivariate aspects of in-hospital and, which is equally important,
outpatient treatment to improve the unfavorable prognosis
in DM patients with MI.
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Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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