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A B S T R A C T

Aims: To study long-term cardiovascular outcomes following a myocardial infarction (MI) among patients with 
type 2 diabetes.
Methods: Patients surviving 90 days after MI with type 2 diabetes (n = 10,440) or without diabetes (n = 65,315) 
during 2004–2018 were identified from Finnish nationwide registries. The primary outcome, a major adverse 
cardiovascular event (MACE; recurrent MI, ischemic stroke, heart failure hospitalization, or cardiovascular 
death), was studied using competing risk Fine-Gray analyses. Median (maximum) follow-up was 3.7 (12) years. 
Differences between groups were balanced by multivariable adjustments and propensity score matching (n =
10,300 patient pairs).
Results: 12-year cumulative incidence of MACE was higher in patients with type 2 diabetes (68.8 %) compared to 
propensity score-matched patients without diabetes (56.1 %) (sub-distribution hazard ratio [sHR]: 1.36; 95 % CI: 
1.31–1.41). Incidences of recurrent MI (sHR 1.49; 95 % CI 1.41–1.57), ischemic stroke (1.14; 1.05–1.23), heart 
failure hospitalization (1.48; 1.40–1.57), and cardiovascular death (1.30; 1.24–1.36) were higher in patients with 
type 2 diabetes. Longer diabetes duration was associated with MACE, recurrent MI, heart failure, and cardio
vascular death.
Conclusions: Patients with type 2 diabetes have impaired long-term cardiovascular outcomes after an MI, 
underlining the importance of effective secondary prevention. Patients with a longer diabetes duration are at a 
particularly high risk.

1. Introduction

Type 2 diabetes is a world-wide epidemic, and it clearly increases the 
risk of cardiovascular diseases (CVD), including myocardial infarction 
(MI) [1,2]. Patients with type 2 diabetes without a prior MI have a risk of 
MI comparable to that of patients without diabetes who have had a prior 
MI [3]. MI patients with diabetes also have higher mortality rates 
compared to patients without diabetes [4,5]. Some earlier studies 
including the Framingham study indicate that MI patients with diabetes 
are also at a particularly high risk of recurrent MI and post-MI heart 
failure [6–8].

The treatment of acute coronary syndromes (ACS) has intensified 
with increasing rates of timely reperfusion and more aggressive sec
ondary prevention, and case fatality rates after MI have improved in 
general and among patients with type 2 diabetes [9,10]. Diabetes care 
has also improved significantly with cardioprotective antidiabetic 
medications (i.e. sodium-glucose co-transporter 2 [SGLT2] inhibitors 
and glucagon-like peptide-1 [GLP-1] analogues), more precise insulin 
delivery [11], advancements in glucose monitoring [12], and more 
aggressive CVD risk management [13]. As better glycemic control and 
better CVD risk factor control are associated with a lower risk of mac
rovascular events [14,15], these changes may have potentially led to 
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improvements in the prognosis of MI among patients with type 2 dia
betes. Thus, up-to-date studies assessing cardiovascular outcomes after 
MI among patients with type 2 diabetes are warranted.

In this nationwide registry study between 2004 and 2018, we pro
vide an update on several long-term cardiovascular outcomes after an 
MI (i.e. the risk of recurrent MI, ischemic stroke, heart failure hospi
talization, and cardiovascular death) among patients with type 2 dia
betes, compared to those among patients without diabetes. To enhance 
the reliability of our findings, we account for a comprehensive set of 
potential confounders by both propensity score matching and multi
variable regression. Furthermore, we assess the impact of diabetes 
duration on MI prognosis.

2. Materials and methods

2.1. Study patients

Patients with incident MI admitted to hospitals in Finland between 
July 1st, 2004 − June 30st, 2018 were studied [16]. The study data were 
retrospectively retrieved from national registries in Finland covering the 
entire population. Patients with MI were identified from the Care Reg
ister for Health Care in Finland (CRHC) with the ICD-10 code I21 as the 
primary admission diagnosis [17]. The first time MI admission during 
the study period was included. Transfers between hospitals and wards 
were combined as a single admission. Exclusion criteria were death 
within 90 days after MI, admission duration >90 days, aortic or valvular 
surgery during index MI admission, and missing data on follow-up (0.5 
%) (Supplement Fig. S1).

2.2. Definitions

A combination of national registries was used to identify patients 
with type 2 diabetes. Criteria for type 2 diabetes were ICD-10 code E11 
in CRHC, no diagnosis of other diabetes types (ICD-10 code E10, E12- 
E14), entitlement for special reimbursement for antidiabetic medica
tions (code 215 or 103), and use of peroral (p.o.) antidiabetic medica
tion prior to index MI (Supplement Fig. S1) [4]. All patients with 
appropriately diagnosed diabetes patients are entitled to special reim
bursement for their antidiabetic medications [18]. Reimbursement is 
provided and recorded by the Social Insurance Institution of Finland 
after review of a medical certificate issued by the treating physician that 
describes the rationale for the diagnosis of diabetes. Duration of diabetes 
was calculated from the date of entitlement of special reimbursement for 
antidiabetic medications. MI patients without a diagnosis of diabetes 
(ICD-10 codes E10-E14), no entitlement to special reimbursement for 
antidiabetic medications, and no purchases of antidiabetic medications 
within 6 months prior to MI served as controls without diabetes.

Comorbidities at baseline, ST-elevation MI, and revascularizations 
during index MI admission were identified by using data on diagnoses, 
procedure codes, and entitlements for special reimbursement for medi
cations, as previously described [17,19]. Secondary preventive medi
cation (beta-blocker, oral anticoagulant, P2Y12 inhibitor, renin- 
angiotensin-aldosterone system [RAAS] inhibitor, and statin) and anti
diabetic medication within 90 days after MI were identified using 
Anatomical Therapeutical Chemical classification [4]. These medica
tions are only available with prescription in Finland, distributed from 
pharmacies for a maximum period of three months per purchase, and 
each purchase recorded in a nationwide database [20]. We lack data on 
smoking and laboratory values such as lipid levels.

2.3. Outcomes

The primary outcome of interest was composite major adverse car
diovascular event (MACE) including hospitalization for recurrent MI, 
ischemic stroke, or heart failure, and cardiovascular death. Secondary 
outcomes were hospitalization for recurrent MI, ischemic stroke, heart 
failure, and cardiovascular death. Outcomes are defined in more detail 
in the Supplement. Follow-up started 90 days after the index MI and 
continued up to 12 years. Follow-up data was available up until the end 
of 2018. Median follow-up of primary outcome on all patients was 3.7 
years (IQR 1.4–7.2).

2.4. Data sources and ethical considerations

Individual level data were collected from national databases of the 
National Institute of Health and Welfare (hospital admissions and major 
interventional procedures), the Finnish Cancer Registry (data on ma
lignancies), the Social Insurance Institution of Finland (data on medi
cation purchases and on entitlements to special reimbursements of 
medication expenses), and the Statistics Finland (mortality data). The 
included registries are mandatory by law and cover the entire Finnish 
population. Permissions for the use of registry data were obtained from 
Findata (permission THL/164/14.02.00/2021), and Statistics Finland 
(permission TK/923/07. 03.00/2022). Ethical board review and 
informed consent were waived by the applicable law due to retrospec
tive design. The participants were not contacted at any point during the 
study. Legal grounds for the data handling are public interest and sci
entific research (EU General Data Protection Regulation 2016/679 
(GDPR), Article 6(1)(e) and Article 9(2)(j); Data Protection Act, Sections 
4 and 6).

2.5. Statistical analysis

Differences between study groups were analyzed with chi-squared 
and t-test (original cohort) or with McNemar’s test and paired t-test 
(matched groups). The between-groups effect sizes in the baseline 
characteristics were evaluated by standardized mean differences (SMD). 
Time-dependent outcomes were studied using the cumulative incidence 
function and Fine-Gray regression to account for the competing risk of 
non-endpoint specific death [21].

To adjust for confounders, both multivariable regression and pro
pensity score matching were used. Patients with type 2 diabetes patients 
were 1:1 matched with control patients without diabetes using the 
optimal matching method without replacement with a caliper set at 0.2 
times the standard deviation (SD) of the estimated propensity score. 
Propensity score was created using logistic regression with age, sex, 
baseline comorbidities (hypertension, heart failure, atrial fibrillation, 
previous MI, cerebrovascular disease, chronic pulmonary disease, ma
lignancy, depression, peripheral vascular disease, previous coronary 
artery bypass [CABG], valvular disease, rheumatic disease, dementia, 
psychotic disorder, renal failure, alcohol abuse, liver disease, paralysis, 
and coagulopathy), ST-elevation, revascularization (percutaneous cor
onary intervention (PCI) or CABG), secondary preventive medication 
usage after MI (beta-blocker, statin, RAAS inhibitor, P2Y12 inhibitor, 
and oral anticoagulation), calendar year of index MI, and treating hos
pital (university versus non-university).

Multivariable regression models included the same variables as in 
the propensity score (except for the year of index MI). Association of sex 
on primary outcome was studied using interaction analysis in multi
variable model. Association of diabetes duration as both continuous and 
categorical (<5, 5–10, ≥10 years) variable with outcomes was studied 
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using multivariable regression. The extent of potential unmeasured 
confounding was estimated by calculating the E-value [22]. Results are 
given as the mean, median, percentage, or sub-distribution hazard ratio 
(sHR), with 95 % confidence interval (CI), interquartile range (IQR), or 
±SD. A p value of <0.05 was considered as statistically significant. 
Analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, 
NC, USA).

3. Results

The original study cohort included 10,440 MI patients with type 2 
diabetes and 65,315 MI patients without diabetes. Patients with type 2 
diabetes were older, more often female, and had a higher comorbidity 
burden than patients without diabetes (Table 1). Myocardial infarction 
with ST-elevation was less common in patients with diabetes, and 
revascularization was performed less frequently for patients with dia
betes. Patients with type 2 diabetes used statins less frequently, but beta- 
blockers and RAAS inhibitors more frequently than patients without 
diabetes early after MI (Table 1). Metformin was the most used antidi
abetic drug (85.4 %) early after MI, followed by insulin (34.9 %), 
dipeptidyl peptidase 4 inhibitors, and sulfonylureas (Supplemental 
Table S1). The use of GLP-1 analogues and SGLT2 inhibitors was infre
quent (Supplemental Table S1). These drugs were used in the study 
cohort after MI since 2005 and 2013, respectively.

Baseline differences were balanced by propensity score matching, 
resulting in 10,300 matched pairs of patients with type 2 diabetes and 
patients without diabetes (Table 1).

3.1. Major adverse cardiovascular events

A total of 25,221 MACEs occurred during the follow-up of 346,529 
person-years after MI (Supplement Table S2). Patients with type 2 dia
betes had a higher probability of MACE compared to patients without 
diabetes in the original and in the propensity score matched cohorts 
(Fig. 1). In the original cohort, the 12-year cumulative incidence of 
MACE was 68.9 % in the type 2 diabetes group and 45.7 % in the group 
without diabetes (multivariable adjusted sHR 1.37; CI 1.33–1.42; p <
0.0001). There was no significant difference in 12-year incidence of 
MACE between sexes (interaction p = 0.087) with multivariable 
adjusted sHR 1.40 (CI 1.32–1.48) for men and sHR 1.30 (CI 1.21–1.38) 
for women.

In the matched cohort, the one-year cumulative incidence of MACE 
was 19.5 % in the type 2 diabetes group versus 15.3 % in the group 
without diabetes (p < 0.0001) and 45.5 % versus 36.7 %, respectively, at 
five years (p < 0.0001). During the 12-year follow-up, the cumulative 
incidence of MACE was 68.8 % in type 2 diabetes patients versus 56.1 % 
in matched controls (sHR 1.36; CI 1.31–1.41; p < 0.0001). The E-value 
was 2.06 (CI 1.94–2.17).

3.2. Secondary outcomes

The cumulative incidences of hospitalization for recurrent MI, 
ischemic stroke, heart failure, and cardiovascular death were all higher 
in patients with type 2 diabetes compared to matched control patients 
without diabetes (Fig. 2). At one year follow-up, the cumulative inci
dence of a recurrent MI was 8.1 % in the type 2 diabetes group versus 
5.6 % in the matched control group (p < 0.0001) and at 12 years, it was 

Table 1 
Baseline features of myocardial infarction (MI) patients with type 2 diabetes and without diabetes.

Original cohort Propensity-score matched cohort

Type 2 diabetes No diabetes Type 2 diabetes No diabetes
Variable n = 10,440 n = 65,315 P-value |SMD| n = 10,300 n = 10,300 P-value |SMD|

Age, years (SD) 72.5 (10.1) 68.7 (12.8) <0.0001 0.308 72.5 (10.1) 72.6 (10.4) 0.214 0.012
Men 61.6 % 65.2 % <0.0001 0.076 61.3 % 60.9 % 0.486 0.009
Comorbidities ​ ​ ​ ​ ​ ​ ​ ​
​ Hypertension 75.6 % 43.9 % <0.0001 0.684 75.3 % 75.5 % 0.424 0.006
​ Heart failure 30.6 % 16.1 % <0.0001 0.347 29.8 % 30.2 % 0.523 0.007
​ Atrial fibrillation 20.0 % 13.1 % <0.0001 0.188 19.7 % 20.0 % 0.592 0.007
​ Previous MI 18.4 % 12.9 % <0.0001 0.153 18.1 % 17.7 % 0.450 0.010
​ Cerebrovascular disease 16.4 % 9.6 % <0.0001 0.203 16.1 % 15.9 % 0.641 0.006
​ Chronic pulmonary disease 15.3 % 12.5 % <0.0001 0.080 15.2 % 14.6 % 0.132 0.019
​ Malignancy 14.2 % 11.6 % <0.0001 0.076 14.2 % 14.4 % 0.675 0.006
​ Depression 12.3 % 10.1 % <0.0001 0.064 10.8 % 10.8 % 0.944 0.001
​ Peripheral vascular disease 11.9 % 5.4 % <0.0001 0.233 11.3 % 11.0 % 0.351 0.012
​ Previous CABG 6.5 % 2.7 % <0.0001 0.183 5.9 % 5.8 % 0.656 0.006
​ Valvular disease 6.4 % 4.8 % <0.0001 0.069 6.4 % 6.4 % 0.908 0.002
​ Rheumatic disease 6.1 % 6.2 % 0.741 0.003 6.1 % 6.0 % 0.631 0.007
​ Dementia 5.5 % 4.2 % <0.0001 0.062 5.5 % 5.4 % 0.703 0.005
​ Psychotic disorder 4.4 % 2.9 % <0.0001 0.080 4.2 % 3.9 % 0.194 0.018
​ Renal failure 3.6 % 1.9 % <0.0001 0.106 3.5 % 3.4 % 0.463 0.010
​ Alcohol abuse 2.3 % 3.1 % <0.0001 0.046 2.3 % 2.3 % 0.963 0.001
​ Liver disease 1.4 % 0.9 % <0.0001 0.050 1.3 % 1.3 % 0.803 0.003
​ Paralysis 0.4 % 0.4 % 0.344 0.010 0.4 % 0.4 % 0.491 0.009
​ Coagulopathy 0.4 % 0.4 % 0.279 0.011 0.4 % 0.5 % 0.835 0.003
ST-elevation MI 26.3 % 39.8 % <0.0001 0.291 26.6 % 26.5 % 0.862 0.862
Revascularization 55.9 % 61.5 % <0.0001 0.113 56.1 % 56.0 % 0.788 0.788
​ PCI 47.2 % 55.2 % <0.0001 0.160 47.4 % 47.2 % 0.698 0.005
​ CABG 9.3 % 7.0 % <0.0001 0.082 9.2 % 9.2 % 0.958 0.001
Post-MI medication ​ ​ ​ ​ ​ ​ ​ ​
​ Beta-blocker 85.3 % 84.4 % 0.015 0.026 85.4 % 85.5 % 0.733 0.004
​ Statin 80.6 % 83.6 % <0.0001 0.079 80.7 % 81.1 % 0.491 0.009
​ RAAS inhibitor 75.6 % 68.1 % <0.0001 0.167 75.4 % 75.8 % 0.551 0.007
​ P2Y12 inhibitor 63.8 % 69.2 % <0.0001 0.116 63.8 % 63.4 % 0.444 0.010
​ Oral anticoagulant 19.3 % 13.0 % <0.0001 0.174 19.0 % 18.6 % 0.459 0.010
Treatment in University hospital 48.6 % 50.7 % <0.0001 0.043 48.6 % 48.5 % 0.877 0.002
Year of MI ​ ​ <0.0001 0.174 ​ ​ 0.437 0.023

CABG = coronary artery bypass surgery. PCI = percuteneus coronary intervention. SD = standard deviation. SMD = standardized mean difference. RAAS = renin- 
angiotensin-aldosterone system.
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26.4 % versus 19.9 %, respectively (sHR 1.49; CI 1.41–1.57; p <
0.0001). Correspondingly, the cumulative incidence of ischemic stroke 
was 2.6 % in both groups at one year (p = 0.573) and 14.0 % versus 12.2 
% at 12 years (sHR 1.14; CI 1.05–1.23; p = 0.001). The cumulative 
incidence of heart failure hospitalization was 7.3 % in type 2 diabetes 
patients versus 5.2 % in controls at one year (p < 0.0001) and 29.7 % 
versus 20.9 % during the 12-year follow-up (sHR 1.48; CI 1.40–1.57; p 
< 0.0001). The cumulative incidence of cardiovascular death after MI 
was 7.5 % in type 2 diabetes patients versus 6.4 % in matched controls at 
one year (p < 0.0001) and 48.8 % versus 38.7 %, respectively, at 12 
years (sHR 1.30; CI 1.24–1.36; p < 0.0001). The cumulative incidence of 
cardiovascular death after MI was 7.5 % in type 2 diabetes patients 
versus 6.4 % in patients without diabetes at one-year follow-up (p <
0.0001) and 48.8 % versus 38.7 %, respectively, during the complete 12- 
year follow-up (sHR 1.30; CI 1.24–1.36; p < 0.0001). Results of multi
variable analyses in the total study cohort were comparable to results of 
the matched cohort (Table 2).

3.3. Duration of diabetes

The median duration of type 2 diabetes before the index MI was 7.2 
years (IQR 3.4–12.5, range 0–45.1). Longer duration of diabetes was 
associated with MACE (sHR 1.02 per year; 95 % CI 1.01–1.03; p <
0.0001), recurrent MI (p = 0.0002), heart failure hospitalization (p <

0.0001), and cardiovascular death (p < 0.0001), but not with ischemic 
stroke (p = 0.348) in multivariable analyses. Results on categorized 
diabetes duration (<5 years in 28.4 %, 5–10 years in 36.0 %, and ≥ 10 
years in 35.6 % of patients) are presented in Table 3.

4. Discussion

In this nationwide registry study, we demonstrated that even 
throughout the 2000s and 2010s, type 2 diabetes is independently 
associated with poorer long-term cardiovascular outcomes following an 
MI, including increased rates of cardiovascular death, recurrent MI, 
ischemic stroke, and heart failure. Compared to earlier studies with 
similar results [5,8], major advances in both treatment of MI and dia
betes have occurred, including increased rates of revascularization, 
optimized secondary prevention strategies, and intensified glycemic 
control [23,24]. Numerous previous studies have confirmed that short- 
and long-term mortality rates following and MI are increased among 
patients with diabetes [4,5,9,25,26], but contemporary studies on long- 
term cardiovascular outcomes are more limited.

Our study design and methodology has several strengths. The 
nationwide MI cohort is representative of the entire Finnish population, 
and the diagnoses for fatal and non-fatal CHD events, heart failure, and 
stroke in the CRHC have been validated with PPVs of 86–90 % [27–29]. 
The MI diagnoses in the CRHC have been between 1998 and 2002 
compared to a clinical MI registry (FINMONICA/FINAMI), and the 
sensitivity was 78 % in women and 81 % in men [28]. Potential con
founding by numerous comorbidities and other baseline features was 
addressed with both propensity score matching and multivariable- 
adjusted analyses, with comparable results. The study has inherent 
limitations typical of health registry research, including the possibility 
of incomplete data on comorbidities, coding errors, and the absence of 
many important clinical parameters. We cannot exclude unmeasured 
confounding by factors such as smoking, lipid levels, body mass index, 
the stage or progression of chronic kidney disease, and the extent of 
coronary artery disease. The analysis of E-value [22], however, showed 
that unmeasured confounding factor would need to have an association 
of at least 2.06 on the risk ratio scale with both type 2 diabetes and 
MACE to be able to fully explain our main finding.

Our findings are in line with previous investigations showing that 
diabetes is a strong risk factor for MI recurrence and post-MI heart 
failure [6,7,30]. In a SWEDEHEART registry study, MI patients with 
diabetes were characterized by a 1.5–1.6-fold risk of heart failure 
compared to patients without diabetes during a mean follow-up of 3.4 
years [7]. Diabetes is a risk factor for CVD recurrence also among pop
ulations with a broader spectrum of ASCVD: A study within the inter
national REACH registry showed that patients with diabetes have higher 
rates of cardiovascular events among those with ASCVD, among those at 
high risk for ASCVD, and also among those with prior ischemic events 
[31]. Diabetes was also independently associated with cardiovascular 
events, including heart failure, in a multinational prospective cohort 
study of patients with chronic coronary syndromes [32].

Additional explanations for the observed worse MI prognosis among 
patients with diabetes are numerous. Patients with diabetes more often 
have multivessel disease, multiple coronary lesions, and more vulner
able atherosclerotic plaques compared to patients without diabetes [33]. 
These changes may be explained by differences in plaque histopatho
logic features: diabetes is associated with larger necrotic core size, 
greater inflammatory infiltrates, and enhanced calcification [34]. 
Changes in the myocardium and coronary microvasculature may also 
play a role [35]. ACS patients with diabetes have more often non- 
specific symptoms and longer delays in diagnosis and treatment 
compared to patients without diabetes [36,37]. They may also be at 
increased risk of developing cardiogenic shock and sudden cardiac death 
[38,39]. In addition, MI patients with diabetes are less likely to attain 
lifestyle-related cardiac rehabilitation targets, including smoking 
cessation and exercise training attendance, compared to MI patients 

Fig. 1. Cumulative incidence of major adverse cardiovascular event (MACE) 
after myocardial infarction (MI) in patients with type 2 diabetes and in control 
patients without any type of diabetes in (A) original and (B) matched cohorts. 
Dashed lines represent 95% confidence interval.
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without diabetes [40].
Our findings underline the importance of meticulous secondary 

prevention, both pharmacological and non-pharmacological, among MI 
patients with type 2 diabetes. This includes lifestyle modifications, 
optimal diabetes management targeting HbA1c < 53 mmol/mol, high- 
intensity statins and other lipid-lowering drugs, blood pressure control 
targeting generally < 130/80 mmHg, and antithrombotic therapy ac
cording to recent recommendations [10,33]. Specifically in patients 
with type 2 diabetes and atherosclerotic CVD, the use of SGLT2 in
hibitors and GLP-1 receptor agonists should be prioritized over other 

antidiabetic medications and used independent of glucose control, since 
they reduce the risk of future CVD events [33,41,42]. In normotensive 
patients with diabetes and MI, ACE inhibitors or angiotensin receptor 
blockers are also recommended to reduce the risk of cardiovascular 
events, especially in patients with HF or chronic kidney disease [33].

Patients with diabetes are likely not a homogeneous group with re
gard to MI outcomes [43], but risks of recurrent cardiovascular events 
may vary by levels of modifiable risk factors, including glycated he
moglobin [44]. In our study, the risk of MACE was more pronounced 
among patients with longer duration of diabetes. Our previous findings 

Fig. 2. Cumulative incidences of (A) recurrent myocardial infarction (MI), (B) ischemic stroke, (C) hospitalization for heart failure, and (D) cardiovascular death 
after index myocardial infarction in patients with type 2 diabetes and in matched controls without any type of diabetes. Dashed lines represent 95% confidence 
interval. Please note the differences in y-axis.

Table 2 
Cumulative incidences of outcomes in the total study cohort during the 12-year follow-up. Results of unadjusted and multivariable adjusted Fine-Gray models (see 
methods for details). sHR = subdistribution hazard ratio.

Outcome Cumulative incidence Univariable Multivariable

Type 2 diabetes No diabetes sHR (95 %CI) P-value sHR (95 %CI) P-value

Major adverse cardiovascular event 68.9 % 45.7 % 1.90 (1.84–1.96) <0.0001 1.37 (1.33–1.42) <0.0001
​ Recurrent myocardial infarction* 27.7 % 17.0 % 1.84 (1.75–1.93) <0.0001 1.49 (1.41–1.56) <0.0001
​ Ischemic stroke* 14.0 % 10.1 % 1.50 (1.39–1.61) <0.0001 1.18 (1.09–1.27) <0.0001
​ Heart failure* 29.9 % 14.8 % 2.24 (2.13–2.35) <0.0001 1.53 (1.45–1.62) <0.0001
​ Cardiovascular death 48.8 % 38.7 % 1.89 (1.82–1.97) <0.0001 1.35 (1.29–1.41) <0.0001

* Hospitalization.
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and those of others indicate that diabetes duration is associated with 
increased mortality rates after MI [4,45], and with increased MACE rates 
after PCI [46]. Recognizing diabetes duration as a prognostic factor for 
MI may allow individualized risk stratification, which may in turn be 
translated into, for example, more frequent follow-ups among patients 
with long-standing diabetes and more individualized patient counseling.

In conclusion, even throughout the 2000s and 2010s, patients with 
type 2 diabetes suffering from an MI are at increased risk for recurrent 
MI, ischemic stroke, heart failure, and cardiovascular death compared to 
MI patients without diabetes. This persistent gap in MI prognosis among 
patients with diabetes needs to be addressed by both lifestyle modifi
cations and pharmacotherapy, including active use of cardioprotective 
antidiabetic medications. Longer duration of diabetes was identified as 
an additional prognostic risk factor.
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[37] Ängerud KH, Brulin C, Näslund U, Eliasson M. Longer pre-hospital delay in first 
myocardial infarction among patients with diabetes: an analysis of 4266 patients in 
the northern Sweden MONICA Study. BMC Cardiovasc Disord 2013;13:6.

[38] Echouffo-Tcheugui JB, Kolte D, Khera S, Aronow HD, Abbott JD, Bhatt DL, et al. 
Diabetes mellitus and cardiogenic shock complicating acute myocardial infarction. 
Am J Med 2018;131(778–86):e1.

[39] Faxen J, Jernberg T, Hollenberg J, Gadler F, Herlitz J, Szummer K. Incidence and 
predictors of out-of-hospital cardiac arrest within 90 days after myocardial 
infarction. J Am Coll Cardiol 2020;76:2926–36.

[40] Wallert J, Mitchell A, Held C, Hagström E, Leosdottir M, Olsson EMG. Cardiac 
rehabilitation goal attainment after myocardial infarction with versus without 
diabetes: a nationwide registry study. Int J Cardiol 2019;292:19–24.

[41] Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2 
inhibitors for primary and secondary prevention of cardiovascular and renal 
outcomes in type 2 diabetes: a systematic review and meta-analysis of 
cardiovascular outcome trials. Lancet 2019;393:31–9.

[42] Kristensen SL, Rorth R, Jhund PS, Docherty KF, Sattar N, Preiss D, et al. 
Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in 
patients with type 2 diabetes: a systematic review and meta-analysis of 
cardiovascular outcome trials. Lancet Diabetes Endocrinol 2019;7:776–85.

[43] Arnold SV, Spertus JA, Jones PG, McGuire DK, Lipska KJ, Xu Y, et al. Predicting 
adverse outcomes after myocardial infarction among patients with diabetes 
mellitus. Circ Cardiovasc Qual Outcomes 2016;9:372–9.

[44] Sattar N, McMurray J, Boren J, Rawshani A, Omerovic E, Berg N, et al. Twenty 
years of cardiovascular complications and risk factors in patients with type 2 
diabetes: a Nationwide Swedish Cohort Study. Circulation 2023;147:1872–86.

[45] Baviera M, Genovese S, Colacioppo P, Cosentino N, Foresta A, Tettamanti M, et al. 
Diabetes mellitus duration and mortality in patients hospitalized with acute 
myocardial infarction. Cardiovasc Diabetol 2022;21:223.

[46] Yaliqin N, Aimaier S, Adi D, Ma YT, Yu ZX. Impact of duration of diabetes mellitus 
on long-term outcome in type 2 diabetic patients with primary percutaneous 
coronary intervention after the first myocardial infarction. Cardiology 2024;149: 
297–313.

A.M. Kerola et al.                                                                                                                                                                                                                               Diabetes Research and Clinical Practice 228 (2025) 112411 

7 

http://refhub.elsevier.com/S0168-8227(25)00425-5/h0115
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0115
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0115
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0120
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0120
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0120
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0120
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0125
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0125
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0125
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0125
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0130
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0130
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0130
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0135
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0135
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0135
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0140
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0140
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0140
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0140
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0145
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0145
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0145
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0150
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0150
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0155
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0155
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0155
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0155
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0160
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0160
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0160
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0160
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0165
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0165
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0165
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0170
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0170
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0170
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0175
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0175
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0175
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0180
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0180
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0180
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0180
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0185
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0185
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0185
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0190
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0190
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0190
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0195
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0195
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0195
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0200
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0200
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0200
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0205
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0205
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0205
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0205
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0210
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0210
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0210
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0210
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0215
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0215
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0215
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0220
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0220
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0220
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0225
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0225
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0225
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0230
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0230
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0230
http://refhub.elsevier.com/S0168-8227(25)00425-5/h0230

	Cardiovascular outcomes of patients with type 2 diabetes after myocardial infarction and the impact of diabetes duration: a ...
	1 Introduction
	2 Materials and methods
	2.1 Study patients
	2.2 Definitions
	2.3 Outcomes
	2.4 Data sources and ethical considerations
	2.5 Statistical analysis

	3 Results
	3.1 Major adverse cardiovascular events
	3.2 Secondary outcomes
	3.3 Duration of diabetes

	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


