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Aims Heart failure (HF) following acute myocardial infarction (AMI) is a global health concern, but data on risk factors associated 
with HF hospitalization post-AMI are limited.

Methods 
and results

We analysed data from the Myocardial Ischaemia National Audit Project, including patients admitted with AMI from 
1 January 2006 to 31 March 2019. Data linkage with Hospital Episode Statistics Admitted Patient Care and the Office 
for National Statistics facilitated a longitudinal analysis. High-risk patients were identified using dapagliflozin in patients with
out diabetes mellitus with acute myocardial infarction (DAPA-MI) and EMPAgliflozin on Hospitalization for Heart Failure 
and Mortality in Patients With aCuTe Myocardial Infarction (EMPACT-MI) criteria. We assessed clinical outcomes, adher
ence to European Society of Cardiology quality indicators, and predictors of HF-related hospitalizations. Out of 1 046 480 
AMI patients, 9.1% overall, 17.2% in the DAPA-MI cohort, and 16.6% in the EMPACT-MI cohort experienced HF hospital
ization within a year post-AMI. High-risk patients, defined by the presence of five risk factors, had nearly one in four hospi
talizations with HF at 1-year follow-up. The predicted adjusted incidence rate for heart failure within 1 year almost doubled 
from 64.5 cases per 1000 person-years [95% confidence interval (CI): 51.1 to 78.0] in 2005, to 118.2 cases per 1000 person- 
years in 2019 (95% CI: 115.0 to 121.5). Heart failure hospitalization was associated with a three-fold increase in 1-year mor
tality (hazard ratio 3.01, 95% CI 2.95–3.13).

Conclusion One in 10 AMI patients experienced HF hospitalization within the first-year post-AMI, with rising trends in high-risk sub
groups. These findings highlight the need for targeted post-AMI care strategies to improve outcomes and address the in
creasing burden of HF in the modern percutaneous coronary intervention era.
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Introduction
Heart failure (HF) is a global health problem, affecting an estimated 56 
million people worldwide1,2 and is the leading cause of hospitalization in 
the USA and across Europe.2–4 Acute myocardial infarction (AMI) is the 
most common aetiology of HF.5 While advances in pharmacological 
and interventional therapies have resulted in better survival rates fol
lowing AMI, patients remain at significant risk of subsequent cardiovas
cular events, particularly the development of HF.6–9

Multiple epidemiological studies have described opposing trajectories 
in the incidence, secular trends, and clinical outcomes of HF following 
AMI.6,7,9–12 A national report from Scotland reported declining trends 
in HF-related hospitalization (HFH) over the past 25 years.11 Another 
analysis of the National Readmission Database showed that related 
HF-related hospitalizations declined from 2010 to 2014, followed by 
an increase from 2014 to 2017.12 Notably, the literature on the associ
ation of known clinical risk factors such as age, diabetes, and previous his
tory of AMI13,14 or implementation of guideline-directed therapies15

during the index AMI admission with subsequent HFH is lacking. 
EMPAgliflozin on Hospitalization for Heart Failure and Mortality in 
Patients With aCuTe Myocardial Infarction (EMPACT-MI)16 and dapagli
flozin in patients without diabetes mellitus with acute myocardial infarc
tion (DAPA-MI)17 are trials that tested the efficacy of SGLT2i in study 
populations that were enriched for risk for CV death or HFH by including 
at least one additional cardiovascular risk factor.

This study aims to examine the incidence and trends of 30-day and 
1-year HFH in a national cohort of patients admitted with AMI. To elu
cidate the epidemiological relationship between known risk factors for 
HF development and their subsequent association with HFH, we ana
lysed HFH rates utilizing the inclusion criteria from the DAPA-MI and 
EMPACT-MI trials. Additionally, we explored the association between 
HFH and 1-year mortality.

Methods
Study setting
Myocardial Ischemia National Audit Project (MINAP) is the UK heart attack 
registry enrolling patients admitted with a diagnosis of AMI to any of the 
230 acute National Health Service (NHS) hospitals.18,19 MINAP collects 
information about patient demographics, cardiovascular comorbidities, 
pre-hospital, in-hospital and post-discharge medications, other relevant 
investigations, and guidelines indicated treatment administered.20–22 The 
post-discharge information was obtained by linking the MINAP with 
Hospital Episode Statistics Admitted Patient Care (HES-APC) database. 
Hospital Episode Statistics Admitted Patient Care is an administrative 
database which collects information about all hospital admissions in 
England. Finally, the mortality outcomes were obtained from the Office 
of National Statistics (ONS), the official national death registry of the 
UK.23Myocardial Ischemia National Audit Project registry was linked using 
patient identifiers in the form of a unique NHS number, date of birth, and 
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patient postcode with the HES-APC and ONS dataset to create the longi
tudinal data for this study. The study underwent formal ethical approval for 
the data linkages of the MINAP, HES, and ONS registries. Ethical approval 
was granted by the Health and Care Research Wales (HCRW) and the 
Health Research Authority (HRA, Research Ethics Committee reference 
20/WA/0312). Additionally, approval was obtained by the Confidentiality 
Advisory Group (CAG), an independent body providing expert advice on 
the use of confidential patient information for research. Data may be re
quested from the National Institute for Cardiovascular Outcomes 
Research, https://www.nicor.org.uk/. Further details on data request appli
cations may be found at https://www.nicor.org.uk/national-cardiac-audit- 
programme/heart-attackaudit-minap.

Study population
The study cohort comprised all patients admitted with a diagnosis of AMI in 
the MINAP registry between 1 January 2006 and 31 March 2019. We only 
included the index AMI admission in a 12-month period in patients with mul
tiple admissions. The NHS identifier and the date of subsequent hospitaliza
tions from the HES-APC database were used to identify the occurrence and 
date of the first hospitalization with acute heart failure using the ICD-10-CM 
codes (I11.0, I13.0, I13.2, I50.1, I50.2, I50.3, I50.4, I50.8, I50.9) in the primary 
diagnosis field. Any patients with missing NHS identifiers, age, and discharge 
date were excluded from the analysis. For patients with more than one hos
pitalization after the index AMI admission, only the first hospitalization with 
acute heart failure diagnosis in the HES-APC was included in the analysis. 
The final study cohort was divided into non-HFH and HFH group. The 
European Society of Cardiology (ESC) Association for Acute 
Cardiovascular Care quality indicators (QIs) related to AMI were used to 
evaluate the quality of care provided during the index AMI admission and 
whether it is associated with increased risk of HFH.15 These indicators in
cluded the prescription of angiotensin-converting enzyme inhibitors or angio
tensin receptor blockers (ACEI/ARB), beta-blockers, dual antiplatelets, and 
high dose statin on discharge, reperfusion within 12 h after the presentation 
for ST-elevation acute myocardial infarction (STEMI), door to balloon time, 
revascularization [percutaneous coronary intervention (PCI)/coronary artery 
bypass grafting (CABG)], left ventricular ejection fraction (LVEF) evaluation 
prior to discharge, invasive coronary angiography within 24 h for 
non-ST-elevation myocardial infarction (NSTEMI), use of high sensitive tropo
nin assay for diagnosis of NSTEMI, in-hospital LDL-C assessment, and paren
teral anticoagulation administration during in-hospital admission.15

Patients with high-risk CV risk features were defined as those meeting 
EMPACT-MI and DAPA-MI inclusion criteria such as symptoms of HF on 
admission defined Kilip Classes II–IV, LVEF < 45%, age >65 years, prior 
AMI, eGFR < 60 mL/min/1.73 m2, Type 2 DM, patients not revascularized 
after the AMI, and peripheral vascular disease.

Ethical approval for the data linkages using patient-identifiable informa
tion was provided by the HCRW and the HRA (REC reference 20/WA/ 
0312). It was also approved by CAG, an independent body that provides 
expert advice on using confidential patient information for research. 
However, no patient-identifiable information was shared with the research 
or analytical team.24–27

Clinical outcomes
The primary clinical outcome was hospitalization with HF in patients who sur
vived to discharge at 30 days and 1 year after the index AMI. The secondary 
outcome included 1-year mortality within 1 year of AMI among those with an 
HFH event. Temporal trends in rates of HFH and independent predictors of 
HFH at 1 year were measured. To understand the rates of first HFH in clinical 
trial populations, analyses were undertaken based on the eligibility criteria of 
DAPA-MI and EMPACT-MI trials (see Supplementary material online, 
Table S1). To address survivor bias, a landmark analysis was performed, ex
cluding patients who died within the first year after an HFH event.

Statistical analyses
Continuous data were reported as mean and standard deviation or as 
the median and interquartile range if the data were non-uniformly distrib
uted. Categorical variables were expressed using percentages and com
pared using the χ2 test, and the t-test were used to test for statistical 
significance between categorical and continuous variables, respectively. 

The Kruskal–Wallis test was used for non-uniformly distributed variables. 
The cumulative incidence of HFH in the overall population, stratified ac
cording to diabetes, sex, and age, was estimated using the Kaplan–Meier es
timate. Missing data were accounted for using multiple imputations with 
chained equations, assuming that data were missing at random, and 10 im
puted data sets were generated.28–30 All subsequent analyses were per
formed on the imputed dataset. Cox proportional hazard regression 
models were used to calculate hazard ratios (HRs) for 1-year mortality 
and HFH after adjusting for potential confounding factors. We used an 
interaction term in the indicator variable (heart failure hospitalization) 
and year of admission as an ordinal variable to estimate the odds of 1 
year mortality. Margins command in STATA was used to produce predicted 
estimates of mortality per year. We constructed Poisson regression mod
els, including HFH within 30 days and 1 year as an outcome variable and age, 
gender, ethnicity, cardiac arrest, cardiogenic shock, LVEF, history of angina, 
previous MI, diabetes (DM), hypertension, hypercholesterolaemia, peripheral 
vascular disease, stroke, family history (FH) of CAD, smoking, chronic kidney 
disease, asthma/chronic obstructive airway disease (COPD), previous PCI, 
and previous CABG and year as covariates to calculate incidence rate ratios 
of HFH with 95% confidence intervals (95% CI). Post-estimation commands 
were used to estimate absolute rates of HFH within 30 days and 1 year per 
1000 person-years per calendar year. Fine Grey competing risk regression 
models were used to identify the independent predictors of HFH accounting 
for competing risk of death. The variables adjusted for in the models were age, 
gender, ethnicity, cardiac arrest, cardiogenic shock, LVEF, history of angina, 
previous MI, diabetes (DM), hypertension, hypercholesterolaemia, peripheral 
vascular disease, stroke, FH of CAD, smoking, chronic kidney disease, asthma/ 
COPD, previous PCI, previous CABG and discharge medication including 
dual antiplatelet medication, statins, beta-blocker, ACEI and ARBs, and aldos
terone antagonists. Model estimates were reported as HR and 95% CI. The 
STATA V16 software was used to perform the statistical analysis.

Results
The study population comprised 1 046 480 patients admitted with AMI 
in the MINAP registry from 1st January 2006 to 31st March 2019, out of 
which 95 281 (9.1%) patients were admitted with heart failure within 
the first year of the index admission (Table 1 and Supplementary 
material online, Figure S1).

Patients in the HFH group were almost 7 years older than the 
non-HFH group (76.2 years vs. 68.8 years), were more likely to be wo
men (37.2% vs. 33.5%) and had a previous history of smoking (40.6% vs. 
34.1%). Patients in the HFH group also had a higher prevalence of co
morbidities, including pre-existing heart failure, angina, stroke, asthma 
or COPD, and hypertension. The assessment of risk factors defined 
by EMPACT and DAPA-MI inclusion criteria revealed a higher preva
lence of Killip Classes II–IV, left ventricle systolic dysfunction, diabetes, 
peripheral vascular disease, and renal disease defined eGFR < 60 mL/ 
min/1.73 m2 in the HFH group. Patients in the cohort who did not 
have a HFH were more likely to be seen by a cardiologist (59.2% vs. 
55.4%), receive timely reperfusion in the form of primary PCI (82.3% 
vs. 74.9%) and had higher rates of revascularization in the form of 
PCI (37.4% vs. 24.9%) and CABG (2.9% vs. 2.3%). The HFH group 
were more likely to be discharged on appropriate guidelines recom
mended pharmacology in the form of beta-blockers (77.5% vs. 
75.4%), angiotensin inhibitors or receptor blockers (ACE/ARB) 
(78.4% vs. 76.6%), high-intensity statin (88.5% vs. 86.5%), and dual anti
platelet therapy (95% vs. 94.6%).

The study characteristics after excluding patients with known previ
ous heart failure are reported in Table 2, showing a similar demographic 
and risk profile compared to the overall study population.

Rates, trends, and predictors of heart 
failure hospitalizations
There was a steady increase in the cumulative incidence of HFH, with 
1-year hospitalization rates of 9.1% (Figure 1). In 2005, the predicted 
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Table 1 Characteristics of patients without and with a HF hospitalization at 1 year

Overall No HF hospitalization 
at 1 year n (%)

HF hospitalization at 1 year n (%) P-value

n 1 046 480 951 199 (90.9) 95 281 (9.1)
Age at admission, mean (SD) 1 046 480 68.8 (13.8) 76.2 (12.3) <0.001

Women 353 425 317 662 (33.5) 35 437 (37.2) <0.001

Ethnicity 936 024 <0.001
White 769 505 (90.6) 79 569 (9.4)

BAME 78 138 (89.9) 89.87 (10.1)

BMI (kg/m2), mean (SD) 458 104 27.1 (6.9) 27.6 (7.1) <0.001
High-risk characteristics for HF hospitalization

Killip class <0.001

Killip Class I 377 187 348 847 (78.2) 28 378 (58.1)
Killip Class II 91 817 78 379 (17.6) 13 477 (27.7)

Killip Class III 21 312 15 134 (3.4) 6187 (27.7)

Killip Class IV 4236 3450 (0.8) 791 (1.6)
Good LV function 254 327 240 828 (59.7) 13 489 (28.4)

Moderate/poor LV function 196 200 162 322 (40.3) 33 941 (71.5) <0.001

Diabetes 1 004 700 193 598 (21.2) 32 255 (35.0) <0.001
Peripheral vascular disease 934 717 35 798 (4.2) 7259 (8.5) <0.001

Non-invasive strategy 1 002 885 343 761 (40.4) 46 982 (54.9) <0.001

Age > 65 years 633 633 559 446 (58.8) 74 187 (77.9) <0.001
eGFR < 60 mL/min/1.73 m2 241 680 203 315 (27.9) 38 365 (50.4) <0.001

Comorbidities

Angina 271 158 235 388 (27.2) 35 777 (41.0) <0.001
Previous heart failure 57 789 42 148 (4.9) 15 641 (18.1) <0.001

Hypertension 496 727 443 675 (50.7) 53 052 (60.2) <0.001

Hypercholesterolaemia 332 792 300 140 (35.1) 32 652 (38.0) <0.001
Cerebrovascular disease 78 336 66 946 (7.8) 11 390 (13.2) <0.001

Smoking status <0.001

Never smoked 372 677 337 924 (38.3) 34 753 (39.7)
Ex-smoker 335 404 299 828 (34.1) 35 576 (40.6)

Current smoker 259 765 242 490 (27.5) 17 275 (19.7)

Asthma/COPD 147 877 129 397 (15.1) 18 480 (21.5) <0.001
ESC quality of care indicators
Seen by a cardiologist 597 660 546 465 (59.2) 51 295 (55.4) <0.001

ACE on discharge 774 692 702 282 (76.6) 72 410 (78.4) <0.001
Beta-blocker on discharge 760 988 689 582 (75.4) 71 406 (77.5) <0.001

Statin on discharge 872 020 790 307 (86.4) 81 713 (88.5) <0.001

DAPT on discharge 972 932 883 445 (94.6) 89 487 (95.0) <0.001
In-hospital LDL-C measurement 613 258 563 129 (97.0) 50 129 (96.1) <0.001

LV assessment in hospital 538 028 481 934 (67.4) 56 094 (74.5) <0.001

P2Y12 use in hospital 835 962 759 184 (84.3) 76 778 (84.1) 0.05
Pre-hospital ECG 201 883 187 079 (70.7) 14 804 (69.7) 0.002

Reperfusion for STEMI 269 240 251 151 (82.3) 18 089 (74.9) <0.001

Timely reperfusion for STEMI 159 166 149 654 (49.1) 9512 (39.4) <0.001
hc-TnI for NSTEMI 556 651 497 250 (98.4) 59 401 (98.7) <0.001

Parenteral anticoagulation 625 783 566 856 (59.6) 58 927 (61.8) <0.001

In patient PCI 288 375 270 846 (37.4) 17 529 (24.9) <0.001
Inpatient CABG 21 830 20 223 (2.8) 1607 (2.3) <0.001

30 day mortality 18 444 16 758 (1.7) 1686 (1.7%) 0.937

1-year mortality 115 965 91 563 (9.6) 24 402 (25.6) <0.001

BAME, British Asian Minority Ethnic; BMI, body mass index; non-invasive strategy, patient not receiving coronary angiogram/PCI or CABG; COPD, chronic obstructive airway disease; 
DAPT, dual antiplatelet therapy; ECG, electrocardiogram; STEMI, ST-elevation acute myocardial infarction; NSTEMI, non-ST-elevation acute myocardial infarction; hc-TNI, high sensitivity 
troponin I assay; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Table 2 Baseline characteristics after excluding those with previous chronic heart failure diagnosis

Overall n (%) No HF hospitalization 
at 1 year

HF hospitalization at 1 year P-value

n 886 697 816 013 (92) 70 684 (8.0)
Age at admission, mean (SD) 886 697 68.2 (13.8) 75.7 (12.3) <0.001

Women 296 011 (33.3) 270 094 (33.1) 25 917 (36.6) <0.001

Ethnicity <0.001
White 717 123 (90.6) 658 293 (90.7) 58 830 (8.2)

BAME 73 965 (9.4) 67 452 (91.2) 6513 (8.8)

BMI (kg/m2), mean (SD) 27.1 (6.9) 27.6 (7.2) <0.001
Risk factors for HF hospitalization

Killip class <0.001

Killip Class I 338 954 (78.1) 316 213 (79.6) 22 741 (61.2) <0.001
Killip Class II 76 418 (17.6) 66 860 (16.8) 9558 (25.7)

Killip Class III 15 168 (3.5) 10 933 (2.7) 4235 (11.4)

Killip Class IV 3411 (0.8) 2784 (0.7%) 627 (1.7%)
Good LV function 233 105 (58.7) 138 380 (61.6) 11 152 (30.2) <0.001

Moderate/poor LV function 164 175 (41.3) 138 380 (38.4) 25 795 (69.8) <0.001

Diabetes 187 389 (21.4) 164 117 (20.4) 23 272 (33.3) <0.001
Peripheral vascular disease 35 952 (4.1) 30 735 (3.8) 5217 (7.5) <0.001

Non-invasive strategy 276 413 (32.4) 245 490 (31.2) 30 923 (45.7) <0.001

Age > 65 years 524 892 (59.2) 470 708 (57.7) 54 184 (76.6) <0.001
eGFR < 60 mL/min/1.73 m2 197 903 (28) 170 503 (26.2) 27 400 (47.2) <0.001

Comorbidities

Angina 231 548 (26.3) 205 757 (25.3) 25 827 (36.8) <0.001
Hypertension 443 102 (50.2) 401 899 (49.5) 41 203 (58.8) <0.001

Hypercholesterolaemia 299 684 (34.5) 274 557 (34.4) 25 127 (36.3) <0.001

Cerebrovascular disease 67 101 (7.6) 58 591 (7.2) 8727 (12.3%) <0.001
Smoking status <0.001

Never smoked 322 697 (38.2) 296 448 (38.1) 26 249 (39.4)

Ex-smoker 288 318 (34.1) 262 726 (28.1) 26 229 (39.4)
Current smoker 232 787 (27.6) 218 726 (28.1) 14 061 (21.1)

Asthma/COPD 129 341 (14.8) 115 644 (14.4) 13 697 (19.6) <0.001

Overall All AMI HF hospitalization P-value

ESC quality of care indicators
Admitted by a cardiologist 516 714 (59.1) 477 286 (59.3) 39 428 (56.4) <0.001

ACE on discharge 671 539 (77.3) 616 805 (77.1) 54 734 (79%) <0.001

Beta-blocker on discharge 658 021 (75.9) 604 271 (75.8) 43 750 (77.7) <0.001
Statin on discharge 695 072 (93.9) 639 081 (93.9) 55 991 (93.9) 0.94

DAPT on discharge 838 845 (95.2) 771 482 (95.2) 67 363 (97.7) <0.001

In-hospital LDL-C measurement 546 976 (97.0) 507 258 (97.1) 39 718 (96.4) <0.001
LV assessment in hospital 474 934 (68.0) 430 815 (67.3) 44 119 (75.5) <0.001

P2Y12 use in hospital 680 314 (88.8) 625 981 (88.9) 54 333 (88.7) 0.397

Pre-hospital ECG 181 426 (70.5) 168 824 (70.6) 12 422 (69.4) 0.001
Reperfusion for STEMI 230 100 (82.1) 215 375 (82.6) 14 725 (75.7) <0.001

Timely reperfusion for STEMI 140 404 (50.1) 132 331 (50.7) 8073 (41.5) <0.001

hc-TnI for NSTEMI 474 174 (98.4) 431 123 (98.4) 43 051 (98.6) <0.001
Parenteral anticoagulation 571 974 (64.5) 525 149 (64.3) 46 825 (66.2) <0.001

In patient PCI 256 673 (36.7) 242 840 (38) 13 833 (25.5) <0.001

In-patient CABG 19 463 (2.8) 18 121 (2.8) 1342 (2.5) <0.001
30 days mortality 13 970 (1.6) 12 738 (1.5) 1232 (1.7) <0.001

1-year mortality 87 351 (9.8) 70 289 (8.6) 17 062 (24.1) <0.001

BAME, British Asian Minority Ethnic; BMI, body mass index; non-invasive strategy, patient not receiving coronary angiogram/PCI or CABG; COPD, chronic obstructive airway disease; 
ECG, electrocardiogram; STEMI, ST-elevation acute myocardial infarction; NSTEMI, non-ST-elevation acute myocardial infarction; hc-TNI, high sensitivity troponin I assay; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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adjusted incidence rate for heart failure within 30 days was 20.7 cases 
per 1000 person-years (95% CI: 13.0 to 28.4). In 2019, this rate in
creased to 33.0 cases per 1000 person-years (95% CI: 29.8 to 36.3). 
Similarly, the predicted adjusted incidence rate for heart failure within 
1 year in 2005 was 64.5 cases per 1000 person-years (95% CI: 51.1 to 
78.0), rising to 118.2 cases per 1000 person-years in 2019 (95% CI: 
115.0 to 121.5) (Figure 2). The HFH rates at 30 days rose from 2.3% 

in 2006 to 3.2% in 2019, and at 1 year from 8.0% in 2006 to 11.5% 
in 2019 (see Supplementary material online, Figure S2). Subgroup ana
lysis revealed the 1-year incidence of HFH was almost doubled in pa
tients with a history of diabetes compared to those without diabetes 
(14.4% vs. 7.7%) (see Supplementary material online, Figure S3). A simi
lar increasing trend was observed in HFH rates among female and older 
patients (see Supplementary material online, Figures S4 and S5).

Figure 1 Cumulative incidence of first heart failure hospitalization over 1 year following index acute myocardial infarction.

Figure 2 Temporal trends in predicated rates of heart failure hospitalizations at 30 days and 1 year during the study period.
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The 30-day and 1-year HFH rates in patients meeting the inclusion 
criteria for the EMPACT-MI trial were notably higher, with the highest 
rates at 30 days (7.2%) and 1 year (25.7%) seen in patients with five or 
more risk factors as defined by the EMPACT-MI trial (Figure 3). 
Compared to the overall cohort, patients eligible for the DAPA-MI 
and EMPACT-MI trials exhibited higher rates of HFH at 30 days 
(DAPA-MI 5.5%, EMPACT-MI 4.8%) and 1 year (DAPA-MI 17.2%, 
EMPACT-MI 16.6%), respectively (Figure 4).

The independent predictors of 1-year HF-related hospitalizations 
are detailed in Table 3. Notably, increasing age per year (HR 1.0004 
[1.002–1.005]), female sex (HR 1.04 [1.03–1.06]), moderate left ven
tricular (LV) dysfunction at index AMI (HR 1.61 [1.56–1.67]), severe 
LV dysfunction at index AMI (HR 2.46 [2.37–2.56]), and the number 
of risk factors for HF hospitalization as defined by the EMPACT-MI trial 
were associated with higher 1-year hospitalization rates (Table 3).

Finally, stratification of patients according to the ESC quality indica
tors demonstrated that timely reperfusion or any reperfusion in 
STEMI and the use of early invasive coronary angiography in NSTEMI 
patients were associated with lower 1-year HFH rates (Figure 5).

Mortality outcomes
The crude rates of 30-day mortality were similar in both groups with 
and without a HF hospitalization (1.7% vs. 1.7%), whereas 1-year mor
tality was significantly higher in the HFH group compared to the 
non-HFH group (25.6% vs. 9.6%). After adjustment of all available po
tential confounders, time to HFH within a year of AMI was associated 
with an almost three-fold increased hazard of 1-year mortality [HR 3.01 
95% CI (2.95–3.13)] (Figure 6). The landmark analysis after excluding 
the patients who died within first year of index AMI admission showed 
increased hazard of 1 year mortality [HR 1.28 95% CI (1.25–132)] in 
patients with HFH group compared to non-HFH group. Over the study 
period, there was a notable decline in the adjusted probability of 1-year 
mortality following AMI, irrespective of the presence of acute HF within 
the first year. In the non-HF group, the predicted probability of 1-year 

mortality decreased significantly from 12.2% in 2005 to 8.9% in 2019. A 
similar trend was observed in those with HFH, where mortality rates 
fell from 21.5% to 12.9%.

Discussion
In this national population-based study of over 1 million patients admit
ted with AMI in the contemporary revascularization era, approximately 
1 in 10 patients were re-admitted with acute HF within the first-year 
post-discharge. The cumulative number of risk factors, as defined by 
EMPACT-MI and DAPA-MI randomized controlled trials, was asso
ciated with up to a six-fold increase in acute HFH. The secular trends 
analysis over almost 15 years depicted rising trends in 30-day and 
1-year HFH rates, particularly in the subgroups with diabetes, female 
sex, and those over 80 years. HFH was associated with increased haz
ard of 1 year adjusted mortality at subsequent follow-up.

Previous epidemiological investigations have reported heteroge
neous trends in the incidence of HF hospitalization following an 
AMI.9–12 A Medicare fee-for-service beneficiaries database analysis 
from 1998 to 2010 showed a modest reduction in 1-year HF hospital
ization rates, decreasing from 16.1 per 100 person-years in 1998 to 
14.2 per 100 person-years in 2010.10 Similarly, in Scotland, the inci
dence of HF hospitalization following a first AMI exhibited a decreasing 
trend from 1991 to 2016, suggesting a positive impact of improved AMI 
management and secondary prevention strategies on HF risk at the 
population level.11 Conversely, a nationwide analysis, including 86 771 
Patients from the Cardiovascular Disease in Norway Project, reported 
HF admission rates of 32.6% at 1 year following the index AMI.31 In the 
present analysis from a contemporary cohort of AMI patients in the PCI 
era, we observed a steady increase in the predicted adjusted incidence 
rate for 1 year heart failure hospitalization, almost doubling from 64.5 
cases per 1000 person-years (95% CI: 51.1 to 78.0) in 2005, to 118.2 
cases per 1000 person-years in 2019 (95% CI: 115.0 to 121.5). The dif
ferences in population demographics and study duration may partly 

Figure 3 Rates of 30-day and 1-year heart failure hospitalizations stratified according to the number of risk factors for heart failure hospitalizations 
defined by EMPACT-MI trial.
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explain the variations in secular trends regarding the new onset of HF. 
Additionally, prior to the implementation of revascularization strat
egies, such as the availability of primary PCI for STEMI and increased 
utilization of invasive approach in patients with NSTEMI, patients 

suffered greater myocardial damage resulting in subsequent HF. 
Therefore, studies including cohorts from the pre-PCI era are likely 
to show declining trends in the incidence of HF.11 Alternatively, the re
cent rise in HFH post-AMI may be due to improvement in revascular
ization thus leading to lower rates of competing outcomes such as 
sudden cardiac death or due to greater recognition and coding identi
fication of HF. Nevertheless, our results confirm that the new onset of 
HF following AMI remains a significant problem in contemporary 
practice.

The poor prognosis of new onset of HF requiring hospitalization 
after AMI remains concerning, as it is marked by increased mortality 
rates. Kochar et al.32 reported a significantly higher 5-year mortality 
rate among patients with any heart failure post-MI compared to those 
without HF. Docherty et al.11 reported that annualized mortality was 
five-fold greater in those after a first hospitalization for HF compared 
to those without HF. Our study confirms the poor prognosis of HF 
complicating an AMI, as HFH was associated with a nearly three-fold 
increased hazard of 1-year mortality after adjusting for confounding fac
tors. These findings underscore the persistent challenges in improving 
long-term outcomes for individuals with HF complicating AMI, empha
sizing the need for continued efforts to increase uptake of guidelines- 
directed care during index hospital stay, timely reperfusion, and 
optimizing post-MI care strategies.33,34

In this study, we quantified the risk of HF hospitalization following 
AMI based on the number of risk factors at the time of index AMI as 
defined by the inclusion criteria of EMPACT-MI and DAPA-MI trials. 
Our results show a substantial increase in HFH, with over a quarter 
(25.7%) of patients with five or more risk factors being hospitalized 
within the 12-month follow-up. Similar, high hospitalization rates at 
30 days and 1 year were observed in the DAPA-MI cohort. These 
data provide important insight into the early identification of patients 
at high risk of developing HF and subsequent hospitalization. These pa
tients may benefit from optimizing risk factors, implementing newer HF 
therapies.33,35,36

Indeed, adherence to ESC quality indicators (QIs), such as timely re
perfusion in STEMI and early invasive coronary angiography in NSTEMI 

Figure 4 Rates of 30-day and 1-year hospitalization meeting eligibility criteria of EMPACT-MI, DAPA-MI trial.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Independent predictors of 1-year HF 
hospitalization

Independent predictors Subdistribution HR 
(95% CI)

Age (per year) 1.0004 (1.002–1.005)

Female sex 1.04 (1.03–1.06)
Moderate LV dysfunction 1.61 (1.56–1.67)

Severe LV dysfunction 2.46 (2.37–2.56)

Previous AMI 1.27 (1.23–1.31)
Diabetes mellitus 1.06 (1.03–1.09)

Hypertension 1.04 (1.01–1.06)

Cerebrovascular disease 1.12 (1.08–1.16)
Asthma or COPD 1.21 (1.17–1.24)

Kilip class II 1.09 (1.05–1.23)

Kilip class III 1.50 (1.44–1.56)
Kilip Class IV 1.99 (1.91.2.13)

Number of risk factor as inclusion criteria 

of EMPACT trial
One risk factor 2.15 (1.98–2.34)

Two risk factor 3.85 (3.54–4.19)

Three risk factors 5.84 (5.34–6.38)
Four risk factors 7.59 (6.91–8.35)

Five or more risk factors 8.87 (7.99–9.84)
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patients, was associated with lower 1-year hospitalization rates in our 
analysis. Conversely, the prescription of HF disease-modifying agents 
such as beta-blockers, angiotensin channel inhibitors/receptor blockers, 
and mineral corticosteroid receptor antagonists at hospital discharge 
did not influence rates of subsequent HF hospitalization. Data from a 

recently published nationwide ACSIS survey also did not show any as
sociation between the number of HF medications prescribed and ad
verse clinical outcomes, including short-term HF hospitalizations.37

While a positive role of these secondary prevention medications in 
high-risk patients is well-established in the literature,35,36,38–42 the 

Figure 5 Rates of 30-day and 1-year hospitalization stratified according to European Society of Cardiology quality indicators.

Figure 6 1-year mortality in patients admitted with heart failure within 1 year after acute myocardial infarction compared to those without heart 
failure hospitalization.
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benefits may be attenuated in the post-AMI population in the current 
era. Findings from our study and similar registries37,43 could possibly 
be explained by the shortcomings associated with any observational 
analyses but mainly the lack of data on drug adherence and persistence.

Despite its strengths, including a multisource national cohort of AMI 
patients from the modern PCI era, and detailed in-hospital pharmaco
logical and procedural management, several limitations may affect this 
report. Firstly, as the information is collected from existing records, 
the data quality is often variable and may contain inaccuracies. 
Secondly, we only included the first HF hospitalization following the in
dex AMI admission, which might affect the overall burden, morbidity, 
and mortality associated with these unreported HF presentations. 
Although we were able to meet the majority of inclusion criteria for 
both EMPACT-MI and DAPA-MI trials, several key variables such as 
uric acid, pulmonary artery pressure and pro-BNP levels are not col
lected in the MINAP registry. However, as we observed a strong asso
ciation between the cumulative number of risk factors as per inclusion 
criteria and subsequent HF hospitalization, we are likely to have under
estimated the HF hospitalization rates. Myocardial Ischemia National 
Audit Project registry collects detailed information about the in- 
hospital and discharge pharmacology used for the treatment of ACS, 
including the use of beta-blockers, ACEI, and ARBs aldosterone 
antagonists and all models were adjusted for all available potential con
founders. However, information about newer heart failure-related 
medications such as SGLT2, GLP-1, and ARNI information are not col
lected in the database which have limited our ability to fully adjust for 
the prognostic heart failure medications. Finally, the MINAP data regis
try shares the weaknesses of other national registries, including the self- 
reporting of adverse events with no external validation, potential biases, 
unmeasured confounding factors, and incomplete data, which may im
pact the generalizability and interpretation of our findings. MINAP does 
not collect data on cardiac imaging, which limits the ability to fully assess 
the impact of modern reperfusion therapies on post-AMI heart failure 
hospitalizations. Including imaging data in future analyses could offer 
valuable insights into the effectiveness of these treatments in mitigating 
heart failure following myocardial infarction.

Conclusion
Despite advancements in pharmacological and revascularization strat
egies in the modern PCI era, a significant proportion of patients pre
senting with AMI suffer subsequent hospitalization with acute HF. 
Furthermore, increasing age, female sex, presence of LV dysfunction 
and number of risk factors for HF hospitalization defined by 
EMPACT-MI and DAPA-MI trials were associated with higher rates 
of 30-day and 1-year HF hospitalization. These findings underscore 
the importance of implementing targeted and comprehensive 
post-AMI care strategies involving a multidisciplinary approach, closer 
monitoring of high-risk patients, and tailored interventions to optimize 
post-AMI management, focusing on increasing the uptake of ESC qual
ity of care indicators (QIs).
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Gąsior M, Mazurek M, Gallone G, Campo G, Wojakowski W, Abu Assi E, Sinagra G, 
de Ferrari GM. Incidence and predictOrs of heaRt fAiLure after acute coronarY 
Syndrome: the CORALYS registry. Int J Cardiol 2023;370:35–42.

14. Kelly DJ, Gershlick T, Witzenbichler B, Guagliumi G, Fahy M, Dangas G, Mehran R, Stone 
GW. Incidence and predictors of heart failure following percutaneous coronary inter
vention in ST-segment elevation myocardial infarction: the HORIZONS-AMI trial. Am 
Heart J 2011;162:663–670.

10                                                                                                                                                                                               M. Rashid et al.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeaf013#supplementary-data


15. Schiele F, Aktaa S, Rossello X, Ahrens I, Claeys MJ, Collet J, Fox KA, Gale CP, Huber K, 
Iakobishvili Z, Keys A, Lambrinou E, Leonardi S, Lettino M, Masoudi FA, Price S, Quinn T, 
Swahn E, Thiele H, Timmis A, Tubaro M, Vrints CJM, Walker D, Bueno H; ESC Scientific 
Document Group; Halvorsen S, Jernberg T, Jortveit J, Blöndal M, Ibanez B, Hassager C. 
2020 Update of the quality indicators for acute myocardial infarction: a position paper 
of the Association for Acute Cardiovascular Care: the study group for quality indicators 
from the ACVC and the NSTE-ACS guideline group. Eur Heart J Acute Cardiovasc Care 
2021;10:224–233.

16. Harrington J, Udell JA, Jones WS, Anker SD, Bhatt DL, Petrie MC, Vedin O, Sumin M, 
Zwiener I, Hernandez AF, Butler J. Empagliflozin in patients post myocardial infarction 
rationale and design of the EMPACT-MI trial. Am Heart J 2022;253:86–98.

17. James S, Erlinge D, Storey RF, McGuire DK, de Belder M, Bjorkgren I, Johansson PA, 
Langkilde AM, Ridderstrale W, Parvaresh Rizi E, Deanfield J, Oldgren J. Rationale and 
design of the DAPA-MI trial: dapagliflozin in patients without diabetes mellitus with 
acute myocardial infarction. Am Heart J 2023;266:188–197.

18. Herrett E, Smeeth L, Walker L, Weston C; MINAP Academic Group. The Myocardial 
Ischaemia National Audit Project (MINAP). Heart 2010;96:1264–1267.

19. Myocardial Ischaemia National Audit Project Annual Public Report April 2014–March 
2015. http://www.ucl.ac.uk/nicor/audits/minap/documents/annual_reports/08818-minap- 
2014-15-1.1 (22 June 2017).

20. Moledina SM, Shoaib A, Weston C, Aktaa S, Van Spall HGC, Kassam A, Kontopantelis E, 
Banerjee S, Rashid M, Gale CP, Mamas MA. Ethnic disparities in care and outcomes of 
non-ST-segment elevation myocardial infarction: a nationwide cohort study. Eur Heart J 
Qual Care Clin Outcomes 2022;8:518–528.

21. Rashid M, Curzen N, Kinnaird T, Lawson CA, Myint PK, Kontopantelis E, Mohamed MO, 
Shoaib A, Gale CP, Timmis A, Mamas MA. Baseline risk, timing of invasive strategy and 
guideline compliance in NSTEMI: nationwide analysis from MINAP. Int J Cardiol 2020; 
301:7–13.

22. Rashid M, Kontopantelis E, Kinnaird T, Curzen N, Gale CP, Mohamed MO, Shoaib A, 
Kwok CS, Myint PK, Nolan J, Zaman MJ, Timmis A, Mamas M. Association between hos
pital cardiac catheter laboratory status, use of an invasive strategy, and outcomes after 
NSTEMI. Can J Cardiol 2020;36:868–877.

23. Dafaalla M, Abdel-Qadir H, Gale CP, Sun L, Lopez-Fernandez T, Miller RJH, Wojakowski 
W, Nolan J, Rashid M, Mamas MA. Outcomes of ST elevation myocardial infarction in 
patients with cancer: a nationwide study. Eur Heart J Qual Care Clin Outcomes 2023;9: 
806–817.

24. Weight N, Moledina S, Volgman AS, Bagur R, Wijeysundera HC, Sun LY, Alraies C, 
Rashid M, Kontopantelis M, Mamas E, Mamas MA. Socioeconomic disparities in the 
management and outcomes of acute myocardial infarction. Heart 2023;110:122–131.

25. Weight N, Moledina S, Rashid M, Chew N, Castelletti S, Buchanan GL, Salinger S, Gale 
CP, Mamas MA. Temporal analysis of non-ST segment elevation-acute coronary syn
drome (NSTEACS) outcomes in ‘young’ patients under the age of fifty: a nationwide 
cohort study. Int J Cardiol 2023;391:131294.

26. Weight N, Moledina S, Kontopantelis E, Van Spall H, Dafaalla M, Chieffo A, Iannaccone 
M, Chen D, Rashid M, Mauri-Ferre J, Tamis-Holland JE, Mamas MA. Sex-based analysis of 
NSTEMI processes of care and outcomes by hospital: a nationwide cohort study. Eur 
Heart J Qual Care Clin Outcomes 2024;10:750–762.

27. Weight N, Moledina S, Hennessy T, Jia H, Banach M, Rashid M, Siller-Matula JM, Thiele H, 
Mamas MA. The quality of care and long-term mortality of out of hospital cardiac arrest 
survivors after acute myocardial infarction: a nationwide cohort study. Eur Heart J Qual 
Care Clin Outcomes 2025;11:47–58.

28. Harel O, Mitchell EM, Perkins NJ, Cole SR, Tchetgen Tchetgen EJ, Sun B, Schisterman EF. 
Multiple imputation for incomplete data in epidemiologic studies. Am J Epidemiol 2018; 
187:576–584.

29. Groenwold RH, Donders AR, Roes KC, Harrell FE Jr, Moons KG. Dealing with missing 
outcome data in randomized trials and observational studies. Am J Epidemiol 2012;175: 
210–217.

30. Kontopantelis E, White IR, Sperrin M, Buchan I. Outcome-sensitive multiple imputation: 
a simulation study. BMC Med Res Methodol 2017;17:2–5.

31. Sulo G, Igland J, Vollset SE, Nygård O, Ebbing M, Sulo E, Egeland GM, Tell GS. Heart fail
ure complicating acute myocardial infarction; burden and timing of occurrence: a 
nation-wide analysis including 86 771 patients from the Cardiovascular Disease in 
Norway (CVDNOR) project. J Am Heart Assoc 2016;5:e002667.

32. Kochar A, Doll JA, Liang L, Curran J, Peterson ED. Temporal trends in post myocardial 
infarction heart failure and outcomes among older adults. J Card Fail 2022;28:531–539.

33. Szummer K, Wallentin L, Lindhagen L, Alfredsson J, Erlinge D, Held C, James S, Kellerth 
T, Lindahl B, Ravn-Fischer A, Rydberg E, Yndigegn T, Jernberg T. Relations between im
plementation of new treatments and improved outcomes in patients with 
non-ST-elevation myocardial infarction during the last 20 years: experiences from 
SWEDEHEART registry 1995 to 2014. Eur Heart J 2018;39:3766–3776.

34. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M, Janzon M. Cardiovascular 
risk in post-myocardial infarction patients: nationwide real world data demonstrate the 
importance of a long-term perspective. Eur Heart J 2015;36:1163–1170.

35. Straw S, McGinlay M, Witte KK. Four pillars of heart failure: contemporary pharmaco
logical therapy for heart failure with reduced ejection fraction. Open Heart 2021;8: 
e001585.

36. Docherty KF, Bayes-Genis A, Butler J, Coats AJ, Drazner MH, Joyce E, Lam CSP. The 
four pillars of HFrEF therapy: is it time to treat heart failure regardless of ejection frac
tion? Eur Heart J Suppl 2022;24:L10–L19.

37. Zafrir B, Ovdat T, Abu Akel M, Bahouth F, Orvin K, Beigel R, Amir O, Elbaz-Greener G. 
Heart failure therapies following acute coronary syndromes with reduced ejection frac
tion: data from the ACSIS survey. J Pers Med 2023;13:1015.

38. D’Ascenzo F, Fabris E, Gregorio C, Mittone G, De Filippo O, Wańha W, Leonardi S, 
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