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BACKGROUND: Compared with patients who develop ST-segment—elevation myocardial infarction (STEMI) outside the hos-
pital and present at the emergency department (outpatient-onset), patients with inpatient-onset STEMI may paradoxically
experience a poorer prognosis due to underlying disease, despite the apparent immediate access to acute health care
services.

METHODS: Patients with first-onset STEMI who underwent percutaneous coronary intervention (PCl) in the Singapore
Myocardial Infarction Registry (2007-2020) were included. For patients with inpatient-onset STEMI, the recognition-to-balloon
time was measured from symptom onset to PCI. For outpatient-onset STEMI, the recognition-to-balloon time was defined as
the sum of the symptom-to-door and door-to-balloon time. Logistic regression was used to identify factors associated with
delayed PCI after inpatient-onset STEMI. Cox regression was used to assess 30-day, 1-year, 5-year, and 10-year all-cause
and cardiovascular mortality.

RESULTS: A total of 19149 patients, 17659 (92.2%) outpatient-onset and 1595 (7.8%) inpatient-onset, were included. The me-
dian follow-up duration was 6.91 years. Patients with inpatient-onset STEMI were older, more frequently women, nonsmokers,
more likely to have comorbidities, less likely to present with typical STEMI symptoms, and more likely to experience delays
in PCI than patients with outpatient-onset STEMI within the hospital setting. The independent predictors of delayed PCI for
inpatient-onset STEMI were age >65years, diabetes, breathlessness at presentation, and Killip class Ill. After adjustment for
differences in baseline and clinical characteristics, inpatient-onset STEMI was associated with significantly greater 1-year, 5-
year, and 10-year all-cause mortality (1-year hazard ratio [HR], 1.27 [95% CI, 1.13-1.43]; 5-year HR, 1.27 [95% CI, 1.13-1.43)).
There was no difference in 30-day all-cause or short-/long-term cardiovascular mortality.

CONCLUSIONS: Inpatient-onset STEMI was linked to an increased long-term risk of all-cause mortality compared with outpatient-
onset STEMI despite a shorter recognition-to-balloon time.

Key Words: all-cause mortality m cardiovascular mortality m inpatient m myocardial infarction m percutaneous coronary intervention

Correspondence to: Ching-Hui Sia, MBBS(NUS), MRCP(UK), EMBA, MCI, MMed, FAMS (Cardiology/Clinician Scientist), Department of Cardiology, National
University Heart Centre Singapore, 1 E Kent Ridge Road, NUHS Tower Block Level 9, Singapore 119228. Email: ching_hui_sia@nuhs.edu.sg

*H. J. Wong, C. E. Low, and C. E. Yau contributed equally and are co-first authors.

This article was sent to Rushi V. Parikh, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.124.038727

For Sources of Funding and Disclosures, see page 11.

© 2025 The Author(s). Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use
is non-commercial and no modifications or adaptations are made.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2025;14:e038727. DOI: 10.1161/JAHA.124.038727 1


https://orcid.org/0000-0002-9274-0406
https://orcid.org/0000-0002-8652-0984
https://orcid.org/0000-0002-5844-8962
https://orcid.org/0000-0003-0439-4097
https://orcid.org/0000-0002-1150-9174
https://orcid.org/0000-0003-1134-6667
https://orcid.org/0000-0001-5470-4554
https://orcid.org/0000-0003-4338-3876
https://orcid.org/0000-0003-3275-3114
https://orcid.org/0000-0003-0389-7450
https://orcid.org/0000-0002-2764-2869
mailto:
mailto:ching_hui_sia@nuhs.edu.sg
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.124.038727
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.124.038727&domain=pdf&date_stamp=2025-09-25

G20z ‘9T Joqo100 uo Agq Bio'sfeuinofeye//:dny wouy pspeojumoq

Wong et al

CLINICAL PERSPECTIVE
What Is New?

This study accounts for the major differences
in recognition-to-balloon time between patients
with inpatient-onset and patients with outpatient-
onset ST-segment-elevation myocardial
infarction, a potentially major confounder not
adjusted for in prior studies.

e Inpatient-onset ST-segment-elevation myocar-
dial infarction was associated with a greater risk
of all-cause mortality in the long term versus
outpatient-onset ST-segment—elevation myo-
cardial infarction, despite a shorter recognition-
to-balloon time.

What Are the Clinical Implications?

¢ Implementing protocols tailored to inpatient-onset
ST-segment—elevation  myocardial  infarction,
including optimizing ECG interpretation within
inpatient settings, may facilitate more rapid
recognition and thus, timely initiation of treatment.

Nonstandard Abbreviations and Acronyms

GDMT guideline-directed medical therapy
SMIR  Singapore Myocardial Infarction Registry

presenting with ST-segment—elevation myocar-
dial infarction (STEMI) is prompt reperfusion with
percutaneous coronary intervention (PCI).! Substantial
evidence supporting this strategy has led to the de-
velopment of initiatives to facilitate and enhance the
relevant systems of care.? The primary objective is
to minimize total ischemic time,® defined as the inter-
val from initial symptom recognition by the patient to
reperfusion at a PCl-capable hospital.*® Reducing de-
lays at each step of care and expediting PCl are keys to
shortening total ischemic time, which has been consis-
tently associated with improved survival outcomes.*®
However, present initiatives primarily focus on STEMI
pathways for patients presenting at the emergency
department after developing STEMI outside of the
hospital (outpatient-onset). There are limited frame-
works in place to facilitate the identification, triage, and
treatment of hospitalized patients who develop STEMI
(inpatient-onset).® In addition, research specific to
inpatient-onset STEMI is comparatively sparse.®’
For patients with outpatient-onset STEMI, the se-
quence of care begins with seeking medical attention
at the hospital either via emergency medical services or

The primary treatment method of eligible patients
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personal transport after patient recognition of symptom
onset. This introduces a time interval that can be re-
ferred to as the symptom-to-door time.*® Patients with
inpatient-onset STEMI, in contrast, do not have a similar
time component, because they are already in the hospi-
tal. For patients with outpatient-onset STEMI, the sub-
sequent time interval is the door-to-balloon time, which
is the time from arrival at the emergency department re-
gardless of mode of transport until PCI is performed.*®
The total time from symptom recognition to PCl is called
the recognition-to-balloon time and is relevant to patients
with inpatient-onset STEMI and patients with outpatient-
onset STEMI. Given that a shorter time between symp-
tom onset and PCl is linked to better survival rates,? one
might hypothesize that patients with inpatient-onset
STEMI have an advantage over patients with outpatient-
onset STEMI, because immediate access to health
care could lead to faster intervention. Alternatively, it is
also possible that patients with inpatient-onset STEMI
fare worse, because their hospitalization for an existing
disease condition suggests they are already in poorer
health, which could then predispose poorer outcomes.

Some studies have shown increased mortality risk with
inpatient-onset STEMI.2%%1° However, many of these studies
included a large proportion of patients who did not undergo
PCI,2" which significantly reduces mortality risk and could
have skewed results.!” Stehli et al® were the first study to
include only patients who underwent PCIl. Moreover, most
studies did not explicitly state whether only patients with first
acute myocardial infarction (AMI) were analyzed®"'%; the
presence of recurrent STEMIs, which carry higher mortal-
ity risk, could have confounded results.”” Our study aimed
to not only address these potential confounders, but also
examine whether differences in recognition-to-balloon time
would influence short- and long-term mortality outcomes
between inpatient-onset and outpatient-onset STEMI.
This important aspect has not been adjusted for in previ-
ous studies, highlighting a notable gap in existing literature.
We also sought to compare differences in demographics
and management between inpatient-onset and outpatient-
onset STEMI using a national AMI registry. Moreover,
we investigated factors associated with delayed PCI for
inpatient-onset  STEMI, referencing the recommended
recognition-to-balloon times from the European Society
of Cardiology* and the American College of Cardiology/
American Heart Association.® This aimed to support the
development of future pathways/guidelines specifically tai-
lored for inpatient-onset STEMI.

METHODS

We conducted a retrospective analysis of patients with
STEMI from Singapore’s national AMI registry, SMIR
(Singapore Myocardial Infarction Registry). The local
institutional review board granted an exemption for
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written consent from participants for this study (National
Healthcare Group Domain Specific Review Board:
2023/00263), as it used deidentified data. Managed by
the National Registry of Diseases Office, SMIR collects
epidemiological and clinical information on all AMI cases
diagnosed in both public and private hospitals, as well as
a small number of out-of-hospital AMI deaths certified
by physicians. The mandatory reporting of AMI to SMIR
was instituted by the National Registry of Diseases Act
of 2012, with public hospitals contributing 98% of regis-
tered cases. The data used in this study are owned by
the National Registry of Diseases Office and are intended
primarily for internal use. Access to the deidentified data
for public health research is available upon obtaining ap-
proval from the Ministry of Health and the institutional re-
view board. Before 2012, AMI cases were identified using
the International Classification of Diseases, Ninth Revision,
Clinical Modlification ((CD-9-CM) code 410. From 2012 on-
ward, ICD-10 (Australian Modiification) codes 121 and 122
were used. Data from various sources, including patient
medical claim records, hospital inpatient discharge sum-
maries, and cardiac biomarker listings from laboratories
were compiled and processed to identify unique cases.
These data were subsequently integrated with mortal-
ity information from the Registry of Births and Deaths in
Singapore, which captures all mortality outcomes through
mandatory reporting, including the cause of death.!® The
definition of STEMI involved: (1) typical chest pain of
>20minutes, (2) significant ST-segment elevation (0.1 or
0.2 mV on 2 adjacent limb or precordial leads, respec-
tively), and (8) confirmation by elevated troponins. From
2013 onward, left bundle-branch block was no longer
considered diagnostic of STEMI in isolation, in accord-
ance with the 2013 American Heart Association/American
College of Cardiology guidelines.™ Nonetheless, all STEMI
diagnoses made before 2013 were based on clinical judg-
ment and adjudicated by physicians. To further ensure
uniformity, all ECGs were interpreted and diagnoses cen-
trally validated at the National Registry of Diseases Office.
Annual audits were performed to ensure accuracy and
interrater reliability. Logic checks flagged any illogical or
outlier data for review.

This study analyzed STEMI cases reported to SMIR
from January 2008 to December 2020, focusing on
patients who received PCI. Patients without PCI were
excluded to examine the impact of PCI timing on mor-
tality outcomes. Only patients experiencing their first-
ever myocardial infarction, specifically first-onset STEMI
cases, were included. For patients with outpatient-onset
STEMI, the recognition-to-balloon time was defined as
the sum of symptom-to-door and door-to-balloon times.
For inpatient-onset STEMI, the recognition-to-balloon
time was measured from symptom recognition by the
hospitalized patient to PCI. Patients with missing data
on symptom-to-door, door-to-balloon, and recognition-
to-balloon time were excluded. Primary outcomes were
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all-cause and cardiovascular mortality (Figure S1) at
30days, 1year, byears, and 10years.

Statistical Analysis

Categorical variables representing patients’ baseline
characteristics were expressed as frequencies and
percentages, whereas continuous variables were
summarized using mean+SD. Differences between
patients with outpatient-onset STEMI and patients
with inpatient-onset STEMI were analyzed using the
x> test for categorical variables and the Wilcoxon
rank sum test for continuous variables. The median
follow-up duration was derived using the reverse
Kaplan-Meier estimator.'® Univariate logistic regres-
sion identified variables predictive of delayed PCI
(recognition-to-balloon time of >60 to <90 minutes,
or >90minutes)*® for inpatient-onset STEMI, which
were then independently assessed in a multivari-
ate model. Time-to-mortality data were graphically
represented using the Kaplan-Meier method and
compared using the log-rank test. The relationship
between the location of STEMI onset and all-cause
mortality was determined via Cox proportional haz-
ards regression. Variables with a P value <0.1 in the
univariate Cox model and variables deemed clini-
cally significant based on the opinion of institutional
experts were included in the final multivariable Cox
model presented.'®'” Multivariate analyses were ad-
justed for sex, age, smoking, heart failure status at
admission (Killip class I, ll, lll, and IV respectively),
diabetes, hypertension, hyperlipidemia, previous
PCI, chest pain at presentation, and recognition-to-
balloon time. Sensitivity analyses were conducted
among patients who survived to discharge, with addi-
tional adjustment in different models for the prescrip-
tion of guideline-directed medical therapy (GDMT) at
discharge, left ventricular ejection fraction, presence
of left ventricular systolic dysfunction, and the occur-
rence of cardiogenic shock during hospitalization.
Missing values within categorical variables were en-
coded as a distinct category labeled missing to pre-
serve sample size within the multivariate model. Such
covariates were included only if they had low missing-
ness (<10%).'® Subgroup analyses were performed to
evaluate whether the comparative risks of all-cause
mortality and cardiovascular mortality varied ac-
cording to specific patient groups. The subgroups
included patients aged <65 or >65years, male or
female sex, history of smoking, chest pain at pres-
entation, diabetes, hypertension, and hyperlipidemia.
Statistical analysis was performed using R statistical
software version 4.3.1 (R Core Team, 2021), with sta-
tistical significance set at P<0.05. The research was
conducted with reference to the Strengthening the
Reporting of Observational Studies in Epidemiology
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(STROBE) statement' and in accordance with the
Declaration of Helsinki.?°

RESULTS

A total of 19149 patients with first-onset STEMI
were included in the analysis, with 17659 (92.2%)
outpatient-onset and 1490 (7.8%) inpatient-onset
cases (Figure 1). The median follow-up duration was
6.91years (interquartile range [IQR], 3.80-10.39).
Baseline characteristics are presented in Table 1.
Patients with inpatient-onset STEMI were older, more
frequently women, and nonsmokers. They were more
likely to have hypertension and diabetes, whereas the
percentages of patients with hyperlipidemia were simi-
lar between groups. Additionally, more patients with
inpatient-onset STEMI had a previous PCI. Patients
with inpatient-onset STEMI were less likely to present
with typical STEMI symptoms such as chest pain,
dyspnea, and diaphoresis. Conversely, more patients
with outpatient-onset STEMI experienced cardiogenic
shock (Killip class IV) on admission.

Inpatient-Onset vs Outpatient-Onset STEMI

Clinical Management

The recognition-to-balloon time was shorter for
inpatient-onset STEMI (Table 2). The median recognition-
to-balloon time for inpatient-onset STEMI was 71 min-
utes (IQR, 52-102), and 210minutes (IQR, 13-413) for
outpatient-onset STEMI.

Patients with inpatient-onset STEMI were less
likely to receive dual antiplatelet therapy during
the acute phase compared with patients with
outpatient-onset STEMI. During hospitalization, pa-
tients with inpatient-onset STEM were more often
treated with single antiplatelet therapy instead
of dual antiplatelet therapy. They also received
fewer GDMTs, including fewer @-blockers, fewer
angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers, and fewer lipid-lowering
drugs. Among those who survived to discharge,
patients with inpatient-onset STEMI were similarly
less likely to receive GDMT, except for angiotensin-
converting enzyme inhibitors/angiotensin receptor
blockers (Table 2). Although these differences were
significant, the absolute differences in percentages
between groups were minimal.

Singapore Myocardial
Infarction Registry (SMIR)

All patients
(n = 133,868)

First-onset AMI
(n=94,216)

-
STEMI only
(n=27,922)

. J

With PCI

(n =19,154)

Outpatient-onset Inpatient-onset
(n=7,177) (n=1,591)

Outpatient-onset Inpatient-onset

(n=1,491)

(n =17,663)

A 4

A 4
With available timings With available timings
(n=17,659) (n=1,490)

Figure 1. Flowchart for data inclusion.

A total of 133868 patients were registered in the SMIR from 2008 to 2020. Only those with first-
onset STEMI who underwent PCI with valid symptom-to-door, door-to-balloon, and recognition-to-
balloon times were included in the analysis. The patients were then divided into outpatient-onset and
inpatient-onset STEMI. A total of 7177 patients with outpatient-onset and 1591 with inpatient-onset
STEMI did not undergo PCI. AMI indicates acute myocardial infarction; PCI, percutaneous coronary
intervention; SMIR, Singapore Myocardial Infarction Registry; and STEMI, ST-segment-elevation

myocardial infarction.
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Table 1. Baseline Characteristics of Patients With STEMI Categorized According to Outpatient-Onset or Inpatient-Onset

Outpatient-onset STEMI Inpatient-onset STEMI
Overall (n=19149) (n=17 659, 92.2%) (n=1490, 7.8%) P value

Age, y, median (IQR) 58 (51-66) 58 (51-66) 61 (53-70) <0.001
Sex, n (%) <0.001

Men 16187 (85) 15057 (85) 1130 (76)

Women 2962 (15) 2602 (15) 360 (24)
Ancestry, n (%) <0.001

Chinese 12151 (63) 11176 (63) 975 (65)

Malay 3759 (20) 3527 (20) 232 (16)

Indian 2929 (15) 2667 (15) 262 (18)

Others 310 (1.6) 289 (1.6) 21 (1.4)
Medical history, n (%)

Hypertension 9926 (52) 9029 (51) 897 (60) <0.001

Diabetes 6630 (35) 6009 (34) 621 (42) <0.001

Hyperlipidemia 11822 (62) 10865 (62) 957 (64) 0.10

Previous PCI 484 (2.5) 405 (2.3) 79 (5.3) <0.001
Smoking status, n (%) <0.001

Current 8947 (47) 8442 (48) 505 (34)

Former 2465 (13) 2244 (13) 221 (15)

Never 7534 (39) 6787 (38) 747 (50)

Missing 203 (1.1) 186 (1.1) 17 (1.1)
BMI, kg/m?, median (IQR) 24.7 (22.5-27.4) 24.7 (22.5-27.4) 24.5 (221-27.5) 0.039
Glucose, mmol/L, median (IQR) 8.5 (6.9-12.3) 8.6 (6.9-12.3) 8.2 (6.5-12.2) <0.001
Total cholesterol*, mmol/L, median (IQR) 5.09 (4.30-5.93) 510 (4.30-5.94) 4.92 (4.00-5.80) <0.001
LDL cholesterol*, mmol/L, median (IQR) 3.35 (2.62-4.12) 3.36 (2.65-4.12) 3.16 (2.34-4.08) <0.001
HDL cholesterol*, mmol/L, median (IQR) 1.06 (0.90-1.25) 1.06 (0.90-1.25) 1.09 (0.90-1.26) 0.14
Triglycerides!, mmol/L, median (IQR) 1.39 (1.00-1.98) 1.39 (1.00-1.99) 1.33 (0.96-1.90) 0.013
Hemoglobin, g/dL, median (IQR) 14.60 (13.40-15.60) 14.70 (13.50-15.70) 1410 (12.50-15.20) <0.001
Presenting symptoms, n (%)

Dyspnea 10167 (53) 9728 (55) 439 (29) <0.001

Chest pain 17437 (91) 16350 (93) 1087 (73) <0.001

Diaphoresis 12287 (64) 11883 (67) 404 (27) <0.001

Back pain 1671 (8.7) 1568 (8.9) 103 (6.9) 0.010

Shoulder pain 1256 (6.6) 1181 (6.7) 75 (5.0) 0.013

Jaw pain 1094 (6.7) 1047 (5.9) 47 (3.2) <0.001

Syncope 487 (2.5) 466 (2.6) 21 (1.4) 0.004
Heart failure status at admission, Killip class, n (%) 0.009

I 16185 (85) 14928 (85) 1257 (84)

Il 730 (3.8) 658 (3.7) 72 (4.8)

Il 710 (3.7) 643 (3.6) 67 (4.5)

v 1513 (7.9) 1420 (8.0) 93 (6.2)

BMl indicates body mass index; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; PCI, percutaneous coronary intervention;
and STEMI, ST-segment-elevation myocardial infarction.

*To convert total cholesterol, HDL, and LDL from mmol/L to mg/dL, multiply by 38.67.

To convert triglycerides from mmol/L to mg/dL, multiply by 88.57.

class IV), reinfarction, and stroke. However, they were less
likely to suffer from arrhythmias during hospitalization. The
incidence of left ventricular systolic dysfunction and heart
block was similar between the 2 groups (Table S1).

Complications During Hospitalization

Patients with inpatient-onset STEMI more frequently de-
veloped complications during hospitalization, including
heart failure (Killip class Il and Ill), cardiogenic shock (Killip
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Table 2. Clinical Management of Patients With Inpatient-Onset STEMI Versus Patients With Outpatient-Onset STEMI at
Admission or Within 24 Hours of Onset, During Hospitalization, and at Discharge (Only for Those Who Survived to Discharge)

Outpatient-onset STEMI Inpatient-onset STEMI
(n=17659, 92.2%) (n=1490, 7.8%) P value
Symptom-to-door time, min, median (IQR) 135 (68-330) NA NA
Door-to-balloon time, min, median (IQR) 62 (48-85) NA
Recognition-to-balloon time, min, median (IQR) 210 (135-413) 71 (562-102) <0.001
Medications prescribed on admission for outpatient-onset or within 24 h of onset for inpatient-onset, n (%)
Antiplatelet <0.001
SAPT 482 (2.7) 88 (5.9
DAPT 17114 (97) 1384 (93)
Medications prescribed during hospitalization, n (%)
Antiplatelet <0.001
SAPT 435 (2.5) 67 (4.5)
DAPT 16777 (95) 1368 (92)
-Blocker 14815 (84) 1201 (81) <0.001
ACEI/ARB 12817 (73) 1030 (69) 0.004
Lipid-lowering drugs 16928 (96) 1382 (93) <0.001
Medications given at discharge*, n/total (%)
Antiplatelet <0.001
SAPT 607/16527 (3.7) 89/1329 (6.7)
DAPT 15865/16527 (96) 1227/1329 (92)
B-Blocker 14240/16527 (86) 1110/1329 (84) 0.008
ACEI/ARB 11984/16527 (73) 944/1329 (71) 0.2
Lipid-lowering drugs 16252/16527 (98) 1280/1329 (96) <0.001

ACEI/ARB indicates angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; DAPT, dual antiplatelet therapy; NA, not applicable; SAPT, single

antiplatelet therapy; and STEMI, ST-segment—elevation myocardial infarction.
*For those surviving to discharge.

Predictors of Delayed PCI for Inpatient-
Onset STEMI

The findings from the univariate and multivariate logistic
regression analyses assessing potential predictors of
delayed PCI are detailed in Table 3. Age >65years and
diabetes were associated with moderately delayed PCI
(recognition-to-balloon time >60 minutes to <90 minutes)
when compared with timely PCI (recognition-to-balloon
time <60minutes). Age >65years, breathlessness at
presentation, and heart failure status at admission
(Killip class i) were associated with severe delays in
PCI (recognition-to-balloon time >90 minutes) relative to
timely PCI. The presence of chest pain was associated
with timely PCI in both analyses.

All-Cause Mortality

In the overall population, inpatient-onset STEMI was
associated with greater 1-year, 5-year, and 10-year all-
cause mortality than outpatient-onset STEMI. However,
30-day all-cause mortality was similar (P=0.11) be-
tween patient groups. These associations persisted
even after adjustment for baseline and clinical charac-
teristics such as recognition-to-balloon time (Table 4

J Am Heart Assoc. 2025;14:e038727. DOI: 10.1161/JAHA.124.038727

and Table S2). The Kaplan-Meier curve (Figure 2A)
similarly demonstrated significantly worse survival for
inpatient-onset STEMI (P<0.001). To further ascertain
the correlation between inpatient-onset STEMI and
long-term all-cause mortality, we performed second-
ary analyses on the 17856 patients who survived to
discharge. Significantly greater hazards for 1-year, 5-
year, and 10-year all-cause mortality were similarly ob-
served (Table S3). To evaluate the possible influence
of postdischarge care on long-term mortality, we addi-
tionally adjusted in different models for the prescription
of GDMT at discharge, alongside other factors such as
left ventricular ejection fraction, presence of left ven-
tricular systolic dysfunction, and cardiogenic shock
during hospitalization (h=16506). The association of
inpatient-onset STEMI with higher long-term all-cause
mortality remained significant (Table S3).

Subgroup Analyses for All-Cause
Mortality

There was no difference in 30-day all-cause mortality
between inpatient-onset STEMI and outpatient-onset
STEMI across all subgroups. In contrast, an elevated
5-year all-cause mortality risk with inpatient-onset
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Table 3. Univariate and Independent Predictors of Delayed Recognition-to-Balloon Time in Inpatient-Onset ST-Segment-
Elevation Myocardial Infarction

Male sex 0.86 (0.64-1.16) 0.3 0.65 (0.48-0.86) 0.003 0.87 (0.62-1.24) | 0.4
Ancestry 0.8 0.049 0.3

Chinese 1.00 (reference) 1.00 (reference) 1.00 (reference)

Malay 0.85 (0.60-1.20) 1.01 (0.71-1.43) 1.06 (0.73-1.55)

Indian 0.92 (0.67-1.27) 0.64 (0.45-0.91) 0.75 (0.51-1.09)

Others 1.03 (0.32-3.32) 1.67 (0.60-5.04) 1.81 (0.61-5.69)

Age =65y 1.64 (1.27-2.12) <0.001 | 1.47 (113-1.92) | 0.005 |2.12(1.63-2.75) <0.001 1.48 (1.10-2.01) | 0.011
Chest pain 0.52 (0.39-0.70) <0.001 |0.58 (0.43-0.79) |<0.001 |0.31(0.23-0.42) <0.001 0.36 (0.26-0.49) | <0.001
Breathlessness 0.93 (0.71-1.22) 0.6 1.44 (1.10-1.89) 0.008 1.46 (1.09-1.95) | 0.012
Back pain 0.74 (0.44-1.21) 0.2 1.04 (0.65-1.67) 0.9

Diaphoresis 0.93 (0.71-1.22) 0.6 0.81(0.61-1.08) 0.15

Jaw pain 0.84 (0.42-1.67) 0.6 0.81 (0.39-1.64) 0.6

Syncope 0.94 (0.33-2.63) >0.9 0.89 (0.29-2.58) 0.8

Shoulder pain 0.59 (0.34-1.01) 0.057 0.53 (0.29-0.94) 0.029 0.68 (0.36-1.24) | 0.2
Smoking >0.9 0.031 0.8

Never 1.00 (reference) 1.00 (reference) 1.00 (reference)

Former 1.06 (0.74-1.53) 0.90 (0.62-1.31) 0.83 (0.54-1.25)

Current 0.95 (0.73-1.25) 0.68 (0.51-0.89) 0.87 (0.62-1.21)
Diabetes 1.45 (1.13-1.86) 0.008 | 1.35(1.04-1.75) |0.022 | 1.34 (1.04-1.74) 0.023 1.16 (0.87-1.54) | 0.3
Hypertension 1.36 (1.06-1.74) 0.015 |1.14(0.88-1.48) |0.3 1.66 (1.29-2.16) <0.001 1.31(0.98-1.76) | 0.070
Hyperlipidemia 1.12 (0.86-1.44) 0.4 0.82 (0.63-1.06) 013
Previous PCI 0.75 (0.42-1.31) 0.3 1.00 (0.58-1.70) >0.9
Heart failure at 0.2 <0.001 0.035
admission, Killip class

| 1.00 (reference) 1.00 (reference) 1.00 (reference)

Il 1.25 (0.71-2.21) 117 (0.63-2.13) 0.75 (0.39-1.43)

Il 2.22 (1.09-4.80) 412 (212-8.62) 2.63(1.29-5.71)

v 0.99 (0.57-1.73) 1.90 (1.16-3.17) 1.29 (0.76-2.21)

OR indicates odds ratio; and PCI, percutaneous coronary intervention.
*Relative to a recognition-to-balloon time of <60min (timely PCI, n=537).

STEMI was observed in patients aged >65years, both
sexes, nonsmokers, those with chest pain at presenta-
tion, and those with diabetes, hypertension, and hy-
perlipidemia, but not in other subgroups (Figure 3).

Cardiovascular Mortality

In the overall population, the hazards for 30-day, 1-year,
5-year, and 10-year mortality were similar between
inpatient-onset STEMI and outpatient-onset STEMI
in both univariate and multivariate analyses (Table 4
and Table S4). The Kaplan-Meier curve (Figure 2B)
similarly demonstrated significantly worse survival
free from cardiovascular mortality for inpatient-onset
STEMI (P<0.001). These findings on 1-year, 5-year, and

J Am Heart Assoc. 2025;14:e038727. DOI: 10.1161/JAHA.124.038727

10-year cardiovascular mortality remained consistent
across aforementioned sensitivity analyses in patients
who survived to discharge (Table S3), thereby affirming
their robustness.

Subgroup Analyses for Cardiovascular
Mortality

The risk of 30-day cardiovascular mortality for
inpatient-onset STEMI versus outpatient-onset STEMI
were comparable across a majority of subgroups,
mirroring the overall population. However, significant
interaction was observed with hyperlipidemia status
(Pinteraction<0-05), where inpatient-onset STEMI was
associated with a lower risk of 30-day cardiovascular
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Table 4. Risks of 30-Day, 1-Year, 5-Year, and 10-Year All-Cause Mortality and Cardiovascular Mortality for Inpatient-
Onset ST-Segment-Elevation Myocardial Infarction Compared With Outpatient-Onset ST-Segment-Elevation Myocardial

Infarction
All-cause mortality Cardiovascular mortality
Unadjusted HR Adjusted HR* Unadjusted HR Adjusted HR*
(95% CI) P value (95% CI) P value (95% CI) P value (95% CI) P value
30d 1.65 (1.39-1.93) <0.001 1.15 (0.97-1.37) 0.1 1.42 (1.19-1.69) <0.001 1.01 (0.84-1.22) 0.9
1y 1.86 (1.63-2.13) <0.001 1.27 (1.10-1.46) 0.001 1.48 (1.26-1.73) <0.001 1.03(0.88-1.22) | 0.7
5y 1.88 (1.68-2.10) <0.001 1.27 (1.13-1.43) <0.001 1.50 (1.30-1.73) <0.001 1.04 (0.90-1.21) | 0.6
10y 1.75 (1.58-1.94) <0.001 1.20 (1.08-1.34) | 0.001 1.44 (1.26-1.65) <0.001 1.01(0.88-1.16) | 0.9

HR indicates hazard ratio.

*Adjusted for sex, age of onset, smoking, heart failure status at admission, diabetes, hypertension, hyperlipidemia, previous percutaneous coronary

intervention, chest pain at presentation, and recognition-to-balloon time.

mortality, specifically among patients without hyperlipi-
demia (Figure 3). There was no significant difference in
the risk of 5-year cardiovascular mortality in all sub-
groups (Figure 3).

DISCUSSION

In this national registry—based study of patients with
first-onset STEMI treated with PCI, we found that pa-
tients with inpatient-onset STEMI were older, more fre-
quently women, more likely to have comorbidities, and
less likely to present with typical symptoms. Inpatient-
onset STEMI was associated with a greater risk of 1-
year, 5-year, and 10-year all-cause mortality compared
with outpatient-onset STEMI, even after adjustment.
However, there was no significant difference in 30-day
all-cause mortality or in short- and long-term cardio-
vascular mortality between the 2 groups.

Our results are consistent, even after adjustment
for differences in recognition-to-balloon time, with the
findings by Stehli et al, who reported similar 30-day
but significantly higher 1-year odds of all-cause mortal-
ity for inpatient-onset versus outpatient-onset STEMI.
However, our short-term outcomes differ from those
found by Kaul et al,? which showed significantly greater
odds of in-hospital mortality for inpatient-onset STEMI.
This might be due to the inclusion of patients who did
not receive PCI in the study by Kaul et al,” suggest-
ing the protective effect of PCI in the short term after
STEMI?" However, it could also reflect selection bias
by treating physicians such that sicker patients with
poorer short-term prognosis were treated medically
instead of being referred for primary PCI. We further
analyzed patients who survived to discharge and ac-
counted for the prescription of discharge GDMT to af-
firm the long-term influence (even up to 5years and
10years) of inpatient-onset versus outpatient-onset
STEMI on all-cause and cardiovascular mortality. The
overall results remained consistent across these sen-
sitivity analyses, underscoring the robustness of our
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study in demonstrating that, regardless of differences
in baseline and clinical characteristics, patients with
inpatient-onset STEMI experience greater long-term
all-cause mortality.

The higher long-term (1-year, 5-year, and 10-year)
all-cause mortality among patients with inpatient-onset
STEMI when compared with patients with outpatient-
onset STEMI could be due to several factors. Given
insignificant differences in long-term cardiovascular
mortality, patients with inpatient-onset STEMI ap-
peared more likely to die from noncardiovascular
causes in the long term. Prior studies have demon-
strated a reduction in the long-term risk for cardiovas-
cular mortality when compared against mortality from
noncardiovascular causes in patients who underwent
PCl after STEMI.?223 It is likely that PCI conferred a pro-
longed protective benefit over cardiovascular health/
mortality in both patients with inpatient-onset and pa-
tients with outpatient-onset STEMI. The prescription
of GDMT at discharge may also have contributed to
improved long-term cardiovascular outcomes.?* This
could suggest that patients with inpatient-onset STEMI
were more likely to die from the underlying noncardio-
vascular conditions for which they were originally hos-
pitalized after surviving the initial AMI event. They may
have been admitted for noncardiac surgeries, which
are not only a risk factor for STEMI, but can also in-
crease the long-term mortality attributed to STEMI.?
On the other hand, Sibila et al®® found that prior car-
diovascular disease increases all-cause long-term
mortality in patients with chronic obstructive pulmo-
nary disease with pneumonia. Therefore, we postulate
that among patients with inpatient-onset STEMI, the
higher incidence of comorbidities, coupled with an
advanced age, concurrent iliness or surgery, and the
inevitable cardiac dysfunction post-STEMI, could have
contributed to a disproportionately worse reduction
in their overall physiological reserves compared with
those with outpatient-onset STEMI, thereby render-
ing them more susceptible to adverse outcomes in-
cluding mortality from noncardiovascular causes.?’?®
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Figure 2. Kaplan-Meier curves for all-cause and cardiovascular mortality.
Kaplan-Meier curves for all-cause mortality (A) and cardiovascular mortality (B).

Importantly, our study only found a significant asso-
ciation with all-cause mortality among older patients
with inpatient-onset STEMI aged >65years, but not
in those aged <65years. Further research is required
to elucidate if this is due to the higher physiological
reserves in the younger patients, hence reducing the
effect of the interplay between cardiac dysfunction and
existing disease/comorbidities. Furthermore, some of
the inpatient-onset STEMI might be a manifestation
of type 2 myocardial infarction with or without signif-
icant underlying coronary artery disease, particularly
given their higher rate of comorbidities and advanced
age.?®%° It has been shown that patients with type 2
myocardial infarction have higher long-term mortality
when compared with patients with type 1 myocardial
infarction but die from noncardiovascular causes more
frequently than type 1 myocardial infarction.?®*° This
would align with the findings of our study, where the in-
patient group experienced higher long-term all-cause
mortality but not cardiovascular mortality. However,
because all patients underwent PCI, they may be more
likely to have had type 1 myocardial infarction, so this
hypothesis should be considered with caution.®
Patients with inpatient-onset STEMI were less likely
to present with typical symptoms. This can result in
a major diagnostic challenge to clinicians, attributing
the symptoms to their underlying disease, thereby
delaying the suspicion of STEMI and subsequent in-
tervention. On the other hand, the symptoms of the
underlying disease could have also masked those of
STEMI itself (eg, concomitant noncardiac causes of

J Am Heart Assoc. 2025;14:e038727. DOI: 10.1161/JAHA.124.038727

chest pain).®? The resultant uncertainty of a STEMI
would have contributed to delays in PCI. Furthermore,
the presence of noncardiac comorbidities necessi-
tates additional evaluation to determine whether the
patient is an appropriate candidate for intervention,
therefore further prolonging the time to reperfusion.
It is also important to consider that the ability of pa-
tients with inpatient-onset to communicate symptoms
might have been impaired, which is frequent in these
patients.3® Concurrent pharmacological pain manage-
ment could also have attenuated their perception of
pain/discomfort.3

We observed that patients with inpatient-onset STEMI
had longer intervals from in-hospital diagnosis of STEMI
to PCl compared with patients with outpatient-onset
STEMI (inpatient-onset recognition-to-balloon time ver-
sus outpatient-onset door-to-balloon time: 71 minutes
versus 62minutes). This disparity represents an aspect
for potential optimization and further underscores the ne-
cessity of efforts targeted at improving recognition and
management of patients with inpatient-onset STEMI.
Garberich et al®® reported that a standardized proto-
col for inpatient-onset STEMI helped reduce in-hospital
mortality by 10%. Because the skill of ECG interpretation
could also lead to delayed recognition, it is even more
crucial for having standardized protocols. Kanaan et al®
reported improvements in recognition-to-balloon times
and administration of GDMT before PCI for patients with
inpatient-onset STEMI after protocol implementation
but were unable to demonstrate significant changes in
in-hospital, 30-day, or 1-year mortality. The protocols
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A
Subgroup Level Events | Patients HR (95% CI) Pinteraction
Sex Male 88616030 095(0.76101.18) e 0435
Female 33772901 109(08210143) _—
Age growp <65 years 547113491 097(07310130) — 0858
>=65 years 676/5440 1.01(0.81101.24) —_—
Diabetes Melitus No 721112384 095(07510121) — 0588
Yes 502/6547 1.04(0.82101.33) —_—t—
Hypertension No 47019126 1.00(0.74 10 1.35) B — 0984
Yes 75319805 099(081t01.22) —_—
Hyperlpidemia No 6027212 084(065101.09) e — 0076
Yes 621111719 1.14(0.91101.43) -
Smoking history No 63607528 1.01(081101.26) e 0819
Yes 588/11403 097(0.74101.27) —_—-
Chest pain No 399/1632 0.90(0.71t01.13) - 0177
Yes 824/17299 1.14(0.88 10 1.47) —_—
C
Subgroup Level Events | Patients HR (95% CI) Pinteraction
Sex Male 839/16030 0.82(0.65t01.04) . 0626
Female 314/2901 0.91(0.67 t0 1.23) —_—
Age growp <65 years 524113491 089(06510121) D 0774
>265 years. 629/5440 0.84 (066 t0 1.06) —
Diabetes Melitus No 685/12384 0.80 (0.62t0 1.04) —_— 0.484
Yes 468/6547 091(0.70t0 1.19) —_—
Hypertension No 44819126 0.86(0.62t0 1.19) —_— 0968
Yes 705/9805 0.85(0.68 t0 1.07) —
Hyperlpidemia No 5697212 068 (05110091) — 0029
Yes 584/11719 1.02(0.80 to 1.30) e —
‘Smoking history No 601/7528 0.87 (06910 1.10) e 0807
Yes 55211403 083(062101.12) P a—
Chest pain No 3721632 077 (060100.99) —— 0194
Yes 781117299 099(0.75101.30) . m—

B
Subgroup Level Events / Patients HR (95% CI) Pinteraction
Sex Male 1881/16030 117 (1.01101.35) - 0353
Female 6852901 1.31(1.08 0 1.58) —_—
Age group <65 years 1090/13491 121(099101.48) . 0987
>=65 years 146715440 1.21(1.05101.40) —

Diabetes Melitus No 1389/12384 1.12(094101.33) e 0187
Yes 117716547 1.30(1.11101.53) —_—

Hypertension No 886/9126 1,09 (0.87101.37) —_— 0269
Yes 1680/9805 1.26(1.10t0 1.45) —

Hyperlipidemia No 107277212 1.16 (0.96 to 1.40) I — 0550
Yes 1494111719 1.25(1.07 10 1.45) —

‘Smoking history No 12627528 132(1.14101.54) B — 0073
Yes 1304/11403 1.07 (0.89 10 1.29) —

Chest pain No 665/1632 14709910 1.38) —— 0550
Yes 190117299 1.26(1.07101.48) —

D
Subgroup Level Events / Patients HR (95% CI) Pinteraction
Sex Male 1360/16030 0.89(0.74 10 1.08) L 0254
Female 48772901 1.07 (0.84 10 1.35) e e a——
Age group <65 years 86413491 096(0.75t01.22) e 0.960
>265 years 9635440 095(079101.14) e

Diabetes Mellitus No 998/12384 0.84 (0.67 to 1.05) — 0111
Yes 849/6547 1.06 (0.87 to 1.29) —_——

Hypertension No 649/9126 087 (066 t0 1.15) —_— 0439
Yes 1198/9805 099 (0.83101.17) —

Hyperlipidemia No 79307212 0.85(0.67to 1.08) —_— 0235
Yes 1054/11719 1.02 (08510 1.23) —

Smoking history No 92977528 1.03(0.8510 1.24) —_— 0.194
Yes 918/11403 0.85(0.67 10 1.07) —_——

Chest pain No 5021632 085(069101.05) —a 0129
Yes 1345/17299 1,07 (0.87101.32) -

Figure 3. Subgroup analysis for all-cause and cardiovascular mortality at 30days and 5years.
A, Subgroup analysis for 30-day all-cause mortality. B, Subgroup analysis for 5-year all-cause mortality. C, Subgroup analysis for
30-day cardiovascular mortality. D, Subgroup analysis for 5-year cardiovascular mortality. HR indicates hazard ratio.

included components such as a protocol for nurses to
address chest pain in inpatients, improved ECG access
coupled with autointerpretation and notifications, and an
inpatient STEMI safe handoff checklist to standardize
initial triage and improve antiplatelet administration.®-5°
These components should be considered for adoption in
more institutions and evaluated on a larger scale over an
extended period to ascertain their efficacy in improving
outcomes for inpatient-onset STEMI.

There are several limitations of our study. First,
given the retrospective nature of our study, we were
unable to demonstrate causation due to the possibility
of residual confounding. Second, we were unable to
adjust for potentially significant predictors of mortality
such as renal failure, the incidence of cardiac arrest,
exclusion criteria for typically prescribed medications,
ECG-to-balloon time, type 1 myocardial infarction flow
during PCI, and information on the time of presentation
for inpatient symptoms, because such data were un-
available in the SMIR. Notably, the data lack sufficient
granularity, which constrained our ability to investigate
(eg, angiographic and other procedural variables that
would have enabled a more detailed exploration). Third,
SMIR also did not collect information on the cause for
hospitalization of inpatients. A thorough investigation
of the type of myocardial infarction and causes for

hospitalization could have provided greater clarity as
to why inpatients suffered from greater mortality than
outpatients. Fourth, intercountry and interinstitutional
variations in clinical practices, particularly STEMI pro-
tocols and the availability of resources crucial for reper-
fusion, may limit the generalizability of our findings.
Nonetheless, our study provides important insights by
identifying potentially higher-risk patient groups. Last,
to adjust for delays in PCI in our analysis, we primar-
ily used recognition-to-balloon time. This metric cap-
tures the total ischemic time from symptom onset to
PCI,% and not just hospital-related delays, which are
measured by door-to-balloon time. However, it is inher-
ently reliant on patient-reported symptom onset, which
introduces potential subjectivity.®® Delays in symp-
tom recognition by the patient may underestimate
recognition-to-balloon time, whereas overreporting or
exaggerating symptom onset could lead to an overes-
timation of total ischemic time, of which both scenar-
ios can bias subsequent mortality estimates in either
direction. Current international guidelines endorse first
medical contact-to-balloon time as the primary met-
ric for evaluating health care system performance in
STEMI care, due to greater consistency and appli-
cability in real-world clinical audits.*® However, the
time of first medical contact-to-balloon time was not
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captured in SMIR. Hence, due to this limitation, we
instead used recognition-to-balloon time for our anal-
yses. Recognition-to-balloon time has been used
in large cohort studies,33 and longer recognition-
to-balloon times have been associated with poorer
patient outcomes. The 2025 American College of
Cardiology/American  Heart  Association/American
College of Emergency Physicians/National Association
of Emergency Medical Services Physicians/Society for
Cardiovascular Angiography and Interventions guide-
lines® emphasize minimizing total ischemic time in the
management of patients with STEMI, which we aimed
to measure via recognition-to-balloon time.

To account for the effect of systolic function on
mortality outcomes, we had adjusted for left ventric-
ular ejection fraction, presence of left ventricular sys-
tolic dysfunction, and in-hospital cardiogenic shock
in patients who survived to discharge as a sensitivity
analysis. The association of inpatient-onset STEMI with
greater long-term all-cause mortality remained signifi-
cant in this group of patients. However, we could not
adjust for these variables in the overall population (in-
clusive of patients who did not survive to discharge),
because these variables were measured in the course
of the patients’ stays. There were no data on the time
that these measurements were taken during the course
of their hospitalization after the initial STEMI. Therefore,
these variables may only be measured in patients who
have survived for a certain period, possibly incurring a
selection bias if adjusted for in the overall population. We
attempted to overcome this limitation by adjusting for
heart failure status at presentation, which acts as clini-
cal surrogate for systolic function. Future studies should
prospectively collect data on left ventricular ejection
fraction and the presence of left ventricular systolic dys-
function at discharge to account for the effect of systolic
function on mortality outcomes. Subsequent research
using large-scale electronic health records or national
registries should also aim to capture more detailed in-
formation on patients with inpatient-onset STEMI, par-
ticularly on the reasons for nonrevascularization. This is
especially pertinent given that these patients are gener-
ally less likely to undergo PCIL.2° A greater understand-
ing of this distinct patient group may enable clinicians
and health care systems to better evaluate and address
their needs within their own settings.

CONCLUSIONS

Inpatient-onset STEMI was associated with a height-
ened long-term risk of all-cause mortality com-
pared with outpatient-onset STEMI despite a shorter
recognition-to-balloon time. However, short- and
long-term cardiovascular mortality risks were simi-
lar between both groups. Patients aged >65years,
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women, patients with comorbidities, patients with no
history of smoking, and patients presenting without
chest pain were particularly vulnerable. Our findings
also emphasize the need for health care profession-
als and policymakers to enhance the care provided for
inpatient-onset STEMI.
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