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Background/Aims: While the clinical effectiveness of guideline-directed medical therapy (GDMT) is well established in pa-
tients with acute myocardial infarction (AMI), its specific impact on cause-specific mortality remains unclear. This study aimed 
to investigate the impact of GDMT on both cardiac and non-cardiac mortality in AMI patients.
Methods: Data of the KAMIR-NIH, a multicenter prospective registry of AMI in Korea between 2011 and 2015, were includ-
ed. The competing risks of cardiac and non-cardiac death in patients who received GDMT were compared with those who 
did not, using a multivariable-adjusted cumulative incidence analysis of propensity score-matched patients. Primary endpoint 
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CCoonncclluussiioonn
In patients with AMI, the use of GDMT was linked to a reduced risk of both cardiac and non-cardiac 
deaths over a period of 3 years. These findings endorse the continued adoption of GDMT in clinical 
practice.
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INTRODUCTION

Mortality following acute myocardial infarction (AMI) can 
result from either cardiac or non-cardiac causes. The inci-
dence of early mortality, predominantly due to cardiac-re-
lated death, has seen a significant decline, which is largely 
attributed to the advancements in percutaneous coronary 
intervention (PCI) techniques, introduction of new devices, 
and the widespread adoption of guideline-recommended 
treatments including early reperfusion therapy and adjunc-
tive pharmacotherapy [1,2].

Following the peri-infarct period, the likelihood of cardiac 
death decreases, while the proportion of non-cardiac death 
increases [3,4]. Evidence-based clinical guidelines strongly 
advocate the continuous use of guideline-directed medical 
therapy (GDMT) as a crucial measure for the secondary pre-
vention of cardiovascular events or mortality for AMI pa-
tients [5,6]. Given the competing risks posed by cardiac or 
non-cardiac death, it is imperative to comprehensively as-
sess the effects of GDMT on both outcomes, but it has been 
insufficiently understood [7]. We investigated the 3-year risk 
of cardiac or non-cardiac death among AMI patients and 
explored its association with the utilization of GDMT.

METHODS

Ethical statement
The study protocol followed the 2013 Declaration of Hel-
sinki and was approved by the ethics committees of each 
participating center and the Institutional Review Board (IRB) 
of Samsung Medical Center (IRB No. 2022-06-147-004). In-
formed consent was waived due to the retrospective design.

Study patients
KAMIR-NIH registry is a nationwide, all-comer, multicenter, 
prospective registry that enrolled patients with AMI from 
20 tertiary hospitals eligible for PCI in Korea between year 
2011 and 2015. Clinical follow-up was conducted for up to 
3 years after the index PCI.

Data definitions and endpoints
A detailed description of study variables has been previous-
ly reported [8]. In brief, GDMT included four main medica-
tion categories. Dual antiplatelet therapy with aspirin and a 
P2Y12 inhibitor, statins, and beta-blockers were mandatory. 
Angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers were recommended for patients with spe-
cific conditions, including left ventricular ejection fraction 
< 40%, hypertension, diabetes, or chronic kidney disease. 
Experienced research professionals at each participating in-
stitution evaluated GDMT usage and classified death as car-
diac or non-cardiac death through an adjudication process. 
The primary outcome was the cumulative incidence of both 
cardiac and non-cardiac death.

Statistical analysis
Categorical variables are presented as frequencies and 
percentages, while continuous variables are expressed as 
means ± standard deviation (SD). Comparisons were made 
using relevant chi-squared or t-tests.

The association between GDMT and cardiac or non-car-
diac death was assessed in three steps. First, baseline differ-
ences in clinical characteristics between patients who did 
and did not receive GDMT were addressed using propensity 
score matching to minimize imbalance. Covariate balance 
was confirmed by standardized mean differences < 0.10.

of interest was 3-year cardiac and non-cardiac mortality.
Results: Of the 12,815 patients enrolled, 2,700 matched pairs with a mean age of 64.9 ± 12.2 years were analyzed. The cu-
mulative incidence of cardiac death (5.0% vs. 8.6%; subdistribution hazard ratio [sHR] 0.53; 95% CI 0.43–0.67) and non-car-
diac death (3.2% vs. 4.5%; sHR 0.69; 95% CI 0.52–0.92) was significantly lower in patients receiving GDMT compared to 
those who did not (all p < 0.05). These results were also consistent in 30-day landmark analyses.
Conclusions: In patients with AMI, the use of GDMT was linked to a reduced risk of both cardiac and non-cardiac death 
over a period of 3 years. These findings support the continued adoption of GDMT in clinical practice.

Keywords: Guideline-directed medical therapy; Acute myocardial infarction; Cardiac death; Non-cardiac death; Competing 
risk
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Second, as cardiac death and non-cardiac death are 
mutually exclusive competing events, an intervention that 
decreases the risk of cardiac death can increase the risk of 
non-cardiac death. When competing events are present, 
cause-specific hazards using Kaplan–Meier or Cox propor-
tional hazards analyses may not precisely reflect the actu-
al risk [9,10]. Therefore, Fine-Gray subdistribution hazard 
model was used to accurately assess cumulative incidence. 
Multivariable-adjusted cumulative incidence functions were 
compared using Gray’s test, and results are shown as hazard 
ratios with 95% confidence intervals (CI) [11,12]. Relative 
risk is shown with subdistribution hazard ratios (sHR) and 
95% CI. Restricted mean time lost (RMTL) was additionally 
calculated to complement the hazard models by assessing 
the absolute benefit and effect sizes [13].

Finally, a 30-day landmark analysis was conducted to as-
sess time-varying effects of GDMT, as mortality is typically 
highest in the early phase post-infarct.

All models were adjusted for patients' clinical characteris-
tics using multivariable analysis, unless specified otherwise. 
Subgroup analyses that stratified patients by specific clinical 
characteristics were also performed. All statistical analyses 
were performed using R version 4.4 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

RESULTS

Study flow and baseline clinical characteristics
Of the 13,104 patients initially enrolled in the KAMIR-NIH 
registry, 289 were excluded due to incomplete clinical data 
or timestamps, leaving a total of 12,815 patients for analysis 
(Fig. 1). At discharge, 70.2% of patients received GDMT. 
GDMT was more commonly prescribed to younger male pa-
tients, those with ST-elevation MI, left main or left anterior 
descending artery disease, radial access, or complete revas-
cularization. In contrast, patients with comorbidities such 
as hypertension, diabetes, a prior MI, atrial fibrillation, or 
left ventricular ejection fraction < 40% were less likely to 
receive GDMT. These imbalances were addressed and bal-
anced through propensity score matching (Table 1, Supple-
mentary Fig. 1).

Risk of cardiac or non-cardiac death in patients 
with GDMT versus those without GDMT
In the analysis of the entire cohort, there were 1,398 docu-
mented deaths: 923 attributed to cardiac causes and 475 to 
non-cardiac causes over the 3-year follow-up. Overall, the 
unadjusted 3-year cumulative incidence of cardiac death 
was higher than that of non-cardiac death (7.5%, 95% CI 
7.0–7.9% vs. 3.9%, 95% CI 3.6–4.3%, p < 0.001) (Fig. 2).

Patients receiving GDMT had a lower risks of both cardiac 
death (cumulative incidence: 5.6%, 95% CI 5.2–6.1% vs. 
10.2%, 95% CI 9.5–11.0%; sHR: 0.50, 95% CI 0.43–0.57; 

13,104 Patients with AMI in KAMIR-NIH registry

12,815 Included in the analysis

289 Missing timestamp or clinical data

Propensity score-matched cohort2,700 GDMT 2,700 No GDMT

Cardiac or non-cardiac death within 3 years

8,994 GDMT 3,821 No GDMT Unadjusted cohort

Figure 1. Study flow. The 3-year clinical outcomes of patients receiving GDMT were compared with those not on GDMT. A propensity 
score-matched cohort of 2,700 pairs of patients was included in the analysis. AMI, acute myocardial infarction; GDMT, guideline-directed 
medical therapy.
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RMTL difference: 37.8 days, 95% CI 30.0–45.6 days; all p < 
0.001) and non-cardiac death (cumulative incidence: 3.5%, 
95% CI 3.1–4.0% vs. 4.5%, 95% CI 3.9–5.2%; sHR: 0.77, 
95% CI 0.63–0.94; RMTL difference: 6.9 days, 95% CI 0.9–
12.8 days; all p < 0.05) compared to those without GDMT 
(Fig. 3).

In the analysis of propensity score-matched cohort, pa-
tients receiving GDMT again showed a lower risk of both car-
diac death (cumulative incidence: 5.0%, 95% CI 4.3–6.0% 

vs. 8.6%, 95% CI 7.7–9.7%; sHR: 0.53, 95% CI 0.43–0.67; 
RMTL difference: 28.5 days, 95% CI 17.3–39.7 days; all 
p < 0.001) and non-cardiac death (cumulative incidence: 
3.2%, 95% CI 2.5–3.9% vs. 4.5%, 95% CI 3.8–5.2%; 
sHR: 0.69, 95% CI 0.52–0.92; RMTL difference: 8.9 days, 
95% CI 1.6–16.2 days; all p < 0.05) (Fig. 4A, B). The 30-day 
landmark analysis of the propensity score-matched cohort 
also showed a lower risk of both cardiac death (cumula-
tive incidence: 4.4%, 95% CI 3.5–5.1% vs. 5.7%, 95% CI 
4.9–6.6%; sHR: 0.75, 95% CI 0.58–0.97; RMTL difference: 
8.6 days, 95% CI 0.5–16.7 days; all p < 0.05) and non-car-
diac death (cumulative incidence: 3.0%, 95% CI 2.3–3.6% 
vs. 4.3%, 95% CI 3.5–5.2%; sHR: 0.70, 95% CI 0.52–0.93; 
RMTL difference: 8.0 days, 95% CI 0.7–15.3 days; all p < 
0.05) in patients with GDMT (Fig. 4C, D). Detailed clinical 
outcomes and statistical results are shown in Table 2 and 3.

In the exploratory subgroup analysis, the results for all pa-
tients (Supplementary Fig. 2A, B) and the propensity score-
matched patients (Supplementary Fig. 2C, D) were largely 
consistent with the primary analysis. In the 30-day landmark 
analysis of the propensity score-matched patients, the over-
all benefit of GDMT appeared to diminish, showing hetero-
geneity among subgroups (Supplementary Fig. 2E, F).

The key findings of the study results are summarized in 
the Central Illustration.

Figure 2. Unadjusted cumulative incidence rates of all-cause, 
cardiac, and non-cardiac deaths. In the analysis of all patients, 
the unadjusted 3-year cumulative incidence of all-cause, cardiac, 
and non-cardiac deaths were 11.4% (95% CI 10.8–11.9%), 7.5% 
(95% CI 7.0–7.9%), and 3.9% (95% CI 3.6–4.3%), respectively. 
The difference between cardiac death and non-cardiac death was 
statistically significant (p < 0.001). CI, confidence intervals.
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DISCUSSION

This study investigated the 3-year outcomes of a nationwide 
AMI registry and revealed that the use of GDMT was asso-
ciated with a reduced risk of both cardiac and non-cardiac 
death.

In addition to the association of GDMT with a lower risk of 
cardiac death, its correlation with a reduced risk of non-car-
diac death warrants discussion. A recent analysis of ISCH-
EMIA trial reported lower medication adherence among pa-
tients with poor health status [14]. Patients without GDMT 
may face disadvantages such as unfavorable clinical condi-
tions, drug intolerance, or major non-cardiovascular illness, 

which could hinder their ability to adopt GDMT. GDMT may 
enhance cardiovascular health and potentially reduce the 
risk of non-cardiac death through various mechanisms, in-
cluding decreased thromboembolism in patients at risk of 
peripheral artery occlusive disease or stroke, protection or 
slowing of disease progression in those with chronic kid-
ney disease, or mitigation of cardiotoxicities from anticancer 
drugs in patients undergoing chemotherapy [15-17]. These 
hypotheses require validation through in-depth investiga-
tions that incorporate comprehensive clinical data.

The rate of cardiac death declines over time, with non-car-
diac causes becoming the predominant cause of later death 
following AMI [18]. In this study, the unadjusted 3-year cu-

Figure 4. Propensity score-matched adjusted cumulative incidence of cardiac death and non-cardiac death according to the use of 
GDMT. In the analysis of propensity score-matched patients, those receiving GDMT again exhibited a lower risk of both cardiac death 
and non-cardiac death compared to those without GDMT (A, B). The results of a 30-day landmark analysis were consistent with these 
findings (C, D). Detailed outcomes are listed in Table 3. GDMT, guideline-directed medical therapy; sHR, subdistribution hazard ratios; CI, 
confidence intervals.
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mulative incidence of cardiac death (7.5%) remained high-
er than that of non-cardiac death (3.9%). Since the risk of 
non-cardiac death is known to catch up with that of cardiac 
death approximately 6 to 7 years later, additional long-term 
studies are required to investigate the ongoing risks of both 
cardiac and non-cardiac death in this population [4,19].

This study utilized competing risk analysis and demon-
strated that GDMT, primarily targeting cardiovascular dis-
ease, appears to reduce non-cardiovascular mortality as 
well. These findings highlight the potential importance of 
continued long-term use of GDMT following AMI. As sub-
group analyses showed heterogeneity in the association 
between GDMT and clinical outcomes especially regarding 
non-cardiac death, the implementation of long-term GDMT 
may need to be individualized rather than universally ap-
plied for AMI patients.

Limitations
The major limitation of our study was its observational de-
sign, which restricts the ability to establish robust causal 
relationships. This study did not capture detailed informa-
tion regarding medication adherence as proposed by the 
Non-Adherence Academic Research Consortium [20]. De-
tails of interventional procedure were not included, albeit 
the majority of cardiac death is known to be unrelated to 
them [18]. The causes of non-cardiac deaths and system-
atic data on non-cardiac comorbidities, such as extent of 
cancer, functional status, socioeconomical status, and the 
Charlson Comorbidity Index, were not reported. Statistical 
adjustment through propensity score does not guarantee 
the absence of residual confounding bias. Considering the 
declining mortality associated with AMI in recent decades, it 
is crucial to interpret our findings in the context of the ongo-
ing advancements in healthcare technologies [21].

In this real-world AMI registry, GDMT was associated with 
a lower risk of both cardiac and non-cardiac death over a 
3-year period. These findings provide further evidence of 
the clinical benefits of GDMT, emphasizing its importance 
as a cornerstone of the long-term management for AMI.
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KEY MESSAGE
1.	 Propensity score-matched 2,700 matched pairs of 

AMI patients (mean age 64.9 years) derived from 
the KAMIR-NIH registry (2011–2015) were evaluat-
ed for 3 years. 

2.	Both cardiac death (5.0% vs. 8.6%; subdistribution 
hazard ratio [sHR] 0.53) and non-cardiac death 
(3.2% vs. 4.5%; sHR 0.69) were significantly lower 
in GDMT recipients than in non-recipients.

3.	The utilization of GDMT was associated with both 
cardiac and non-cardiac mortality, supporting its 
continued use in AMI management.
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