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BACKGROUND: Type 2 myocardial infarction (T2MI) accounts for a substantial share of acute coronary syndromes but remains
challenging to diagnose and manage due to its varied presentations and underlying profiles. This study aims to identify key
differences and distinct clinical phenotypes in a large T2MI population.

METHODS: All consecutive patients with non—-ST-segment—elevation myocardial infarction undergoing coronary angiography
with a confirmed T2MI diagnosis between January 1, 2017, and March 31, 2023, were analyzed. Precipitating factors of
supply—demand mismatch were identified, and coronary burden was assessed using the Gensini score. Latent class analysis
was used to identify clinical phenotypes, and multivariable analyses were performed to determine prognostic predictors. A
composite of major adverse cardiovascular events was assessed during follow-up, along with additional outcomes including
cardiovascular death and nonfatal type 2 reinfarction.

RESULTS: Among 774 patients with T2MI, latent class analysis identified 2 phenotypes. Phenotype 1 (31.5%) was younger with a
higher prevalence of nonatherosclerotic coronary causes and unknown pathogeneses. Phenotype 2 (68.5%) exhibited greater
comorbidity and a higher atherosclerotic burden, reflected by elevated Gensini scores (median, 11 versus 1.5; P<0.001). Over
a median follow-up of 53 months, major adverse cardiovascular events occurred in 49.1% of patients, with a higher rate in phe-
notype 2 (60.8% versus 23.8%, P<0.001). Predictors of major adverse cardiovascular events included peak cardiac troponin
levels for phenotype 1 and age, known cardiovascular disease, chronic obstructive pulmonary disease, peak cardiac troponin
levels, and Gensini score for phenotype 2.

CONCLUSIONS: This study identified 2 clinical phenotypes in T2MI, highlighting differences in characteristics, precipitating
factors, outcomes, and prognostic predictors, emphasizing the potential for phenotype-driven approaches in diagnosis and
management.

Key Words: cardiovascular outcomes ® non-ST-segment—elevation myocardial infarction ®m type 2 myocardial infarction

Correspondence to: Carmine Pizzi, MD, FESC, Department of Medical and Surgical Sciences, Alma Mater Studiorum—University of Bologna, Bologna, Italy.
Email: carmine.pizzi@unibo.it

*D. Bertolini, M. Armillotta, L. Bergamaschi, and C. Pizzi contributed equally.

This manuscript was sent to Amgad Mentias, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

The abstract of this work was presented at the European Society of Cardiology Congress, August 29 to September 1, 2025, in Madrid, Spain.

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.125.042858

For Disclosures, see page 13.

© 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:e042858. DOI: 10.1161/JAHA.125.042858 1


https://orcid.org/0009-0009-2554-2512
https://orcid.org/0000-0002-7971-8052
https://orcid.org/0000-0002-8732-4512
https://orcid.org/0000-0002-4565-4310
https://orcid.org/0000-0002-9198-2817
https://orcid.org/0009-0003-6119-8890
https://orcid.org/0009-0008-3709-5791
https://orcid.org/0009-0003-0782-8660
https://orcid.org/0009-0000-6352-0490
https://orcid.org/0000-0001-8254-1502
https://orcid.org/0000-0002-9593-4150
https://orcid.org/0000-0002-0701-7329
https://orcid.org/0000-0003-3213-4436
https://orcid.org/0000-0001-8186-9717
https://orcid.org/0000-0002-4048-675X
mailto:
mailto:carmine.pizzi@unibo.it
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.125.042858
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.125.042858&domain=pdf&date_stamp=2025-08-31

G20z ‘z Jequieides uo Aq Bio'sjeulno feye//:dny wouy pepeojumoq

Bertolini et al

CLINICAL PERSPECTIVE
What Is New?

e This is the first large real-world study to em-
pirically identify 2 distinct clinical phenotypes
among patients with type 2 myocardial infarc-
tion, based on routine clinical variables.

What Are the Clinical Implications?

e The 2 type 2 myocardial infarction pheno-
types, 1 younger and healthier and the other
older with greater comorbidity and coronary
atherosclerotic burden, demonstrate signifi-
cantly different clinical characteristics, pre-
cipitating factors, long-term outcomes, and
prognostic factors.

e Despite similar management strategies derived
from type 1 myocardial infarction protocols,
phenotype-specific differences suggest that a
tailored therapeutic approach based on clinical
phenotyping may improve patient outcomes.

Nonstandard Abbreviations and Acronyms

AMIPE Acute Myocardial Infarction,
Prognostic and Therapeutic Evaluation

cTn cardiac troponin

LCA latent class analysis

MACE major adverse cardiovascular event

P1 T2MI phenotype 1 type 2 myocardial
infarction

P2 T2MI phenotype 2 type 2 myocardial
infarction

TiMI type 1 myocardial infarction

T2MI type 2 myocardial infarction

significant portion of acute coronary syndromes,

accounting for up to three-quarters of all myocar-
dial infarctions in the United States.! As outlined in the
Fourth Universal Definition of Myocardial Infarction,
T2MI results from an imbalance between oxygen sup-
ply and demand, occurring in the absence of acute
coronary plaque rupture or thrombosis.? Although the
pathophysiological framework of T2MI is well estab-
lished, its diagnosis and management remain com-
plex. While distinguishing T2MI from type 1 myocardial
infarction (T1MI) is generally feasible when standard
definitions are applied, it may still be challenging in the
presence of atypical symptoms and absence of isch-
emic ECG changes.®® Furthermore, most research
and clinical guidelines have focused on T1MI, often

Type 2 myocardial infarction (T2MI) constitutes a
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neglecting T2MI. As a result, clinical cardiologists fre-
quently struggle with its management due to limited
information on therapy and prognosis.” Simply apply-
ing TIMI management strategies to T2Ml is inadequate
because of its distinct pathogenetic mechanisms and
the lack of supporting evidence.®

Importantly, T2Ml is not a benign condition, as it is
associated with poor outcomes.®® These outcomes
are often comparable with, or worse than, those of
T1MI, but they vary widely, making disease progres-
sion difficult to predict.'0-13

Historically, research has primarily focused on the
differences between TIMI and T2MI, with limited at-
tention given to the clinical heterogeneity within T2MI
itself. Recently, some researchers have proposed the
use of clinical phenotypes to better understand the
variability of T2MI.114

Clinical experience suggests that patients with T2Ml
often exhibit distinct phenotypic patterns, which may
vary according to age, cardiovascular risk factors, pre-
cipitating factors, and comorbidities. However, this re-
mains an unverified hypothesis.'®

The aim of this study is to provide clinical evidence of
phenotypic differentiation in a large, real-world cohort
of patients with non—-ST-segment—elevation myocardial
infarction with T2MI, identify key differences between
these clinical phenotypes, and assess whether these
phenotypes are associated with varying prognoses
and distinct prognostic factors.

METHODS
Study Design and Population

The present study is a prespecified subanalysis of data
from the ongoing multicenter observational prospec-
tive AMIPE (Acute Myocardial Infarction, Prognostic
and Therapeutic Evaluation) registry (NCT03883711),
which aims to evaluate the characteristics and out-
comes of patients admitted with diagnosis of acute
myocardial infarction (AMI).

All consecutive patients with non—-ST-segment—ele-
vation myocardial infarction who underwent coronary
angiography (CAG) with a confirmed diagnosis of T2MI
from January 1, 2017, to March 31, 2023, and who had
at least 1-year of follow-up, were included in this study.
Exclusion criteria were (1) other AMI subtypes, (2) non-
ischemic myocardial injury, (3) lack of informed con-
sent, and (4) patients aged <18years.

The protocol was approved by the institutional re-
view board (Registration No. 600/2018/0Oss/AOUBO).
This study was conducted in accordance with the
Declaration of Helsinki. All patients were informed
about their participation in the registry and provided
informed consent for the anonymous publication of
scientific data.
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The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Data Collection
Demographic data, baseline clinical characteristics,
and information regarding admission, hospital stay,
and discharge were prospectively collected for every
patient. Upon admission, blood samples were obtained
for standard analyses, including complete blood count,
C-reactive protein, electrolytes, creatinine, lipid profile,
glucose, and cardiac troponin (cTn) levels. All patients
underwent serial ECGs and at least 1 transthoracic
echocardiogram during hospitalization. Additional
ECG and transthoracic echocardiogram assessments
were performed on the basis of clinical indication. In
patients with myocardial infarction and nonobstructive
coronary arteries without an evident underlying cause,
cardiac magnetic resonance was systematically
performed to exclude nonischemic mechanisms
underlying myocardial injury, as recommended by
current guidelines.®'%" Both admission and discharge
medications were recorded, including antiplatelet
agents, [ blockers, renin—angiotensin—aldosterone
system inhibitors, statins, and anticoagulant therapy.
Invasive CAG was performed during the index hos-
pitalization for all patients. Obstructive coronary artery
disease (CAD) was defined as the presence of a ste-
nosis with a diameter of >50% in at least 1 major epi-
cardial vessel, in accordance with current guidelines.?
Intracoronary physiology and intravascular imaging
were performed if indicated.? The severity of coro-
nary atherosclerosis was assessed using the Gensini
score.'®

T2MI Definition and Adjudication

Diagnosis of T2MI was independently assessed by 2
clinical cardiologists (D.B. and M.A\) in all patients on
the basis of all clinical and instrumental data collected
during the hospitalization. In case of disagreement, a
third experienced cardiologist (C.P.) was consulted to
reach a consensus. According to the Fourth Universal
Definition of Myocardial Infarction, patients exhibiting
signs or symptoms of myocardial ischemia, where
myocardial injury occurred due to an imbalance
between oxygen supply and without evidence of acute
atherothrombotic plaque disruption, were diagnosed
with T2MI.2 Patients with elevated cTn levels but
without signs or symptoms of myocardial ischemia
were classified as having nonischemic myocardial
injury.

For all patients with a definitive diagnosis of T2MI,
precipitating factors for the supply-demand mis-
match were identified and treated: sepsis, severe
anemia or relevant recent bleeding, tachyarrhythmia,
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bradyarrhythmia, respiratory failure, hypertension, hy-
potension/shock, recent noncardiac surgery, acute
kidney injury, and nonatherosclerotic coronary artery
lesions such as vasospasm, embolism, myocardial
bridging, or dissection. While some authors have pro-
posed classifying patients with myocardial infarction
due to reduced coronary blood flow from nonathero-
thrombotic causes separately,’® others support their
inclusion within T2MI according to the Fourth Universal
Definition of Myocardial Infarction.?° In line with this lat-
ter view, and given our study objectives, such cases
were included in the present analysis. For patients in
whom >2 causes of T2MI were present, these were
categorized as multiple contributing factors. Detailed
criteria for each causative factor can be found in the
Supplemental Material (Supplemental Methods).

Follow-Up and Outcomes

Patients were followed from the time of discharge
through outpatient visits or telephone contacts
using a standard questionnaire. The follow-up was
completed on April 30, 2024. A composite of major
adverse cardiovascular events (MACEs), including
all-cause death, nonfatal reinfarction, unplanned
revascularization, nonfatal ischemic stroke, and
hospitalization for heart failure, was assessed,
considering only the first event for calculation.
Additional outcomes included cardiovascular death
and nonfatal type 2 reinfarction. Further details on
outcome definitions are provided in the Supplemental
Material (Supplemental Methods).

All follow-up events were independently adjudi-
cated by 2 clinical cardiologists (A.S. and F.A) who
were blinded to the clinical, laboratory, and angio-
graphic data. In the event of disagreement, a third ex-
perienced cardiologist (L.B.) was brought in to achieve
consensus.

Statistical Analysis

Continuous variables were summarized as mean+SD
or as median and interquartile range, and categorical
variables were presented as absolute and relative
frequencies. Between-group differences in continuous
variables were tested using the independent-sample
t test or Mann-Whitney U test, as appropriate.
Differences in categorical variables were tested using
the ¥ test.

We used latent class analysis (LCA) to identify ho-
mogeneous clinical phenotypes in the study popula-
tion. LCA is a statistical method used to identify hidden
subgroups or “latent classes” within a population
based on patterns of responses to a set of variables.
These latent classes are not directly observed but
are inferred from the data. LCA is particularly useful
for analyzing categorical or ordinal data and can help
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uncover underlying structures or patterns that might
not be apparent from direct observation.?! Since its
first definition in 1996,% the use of LCA has increased
significantly across various medical disciplines.?3-2

The analysis involves the following steps: selecting
the variables to include in the model and justifying their
selection and fitting the model to the data. Multiple
models, each consisting of k-classes, are fitted to the
data. Typically, the first model consists of a single class
(k=1), and sequential models, each adding 1 more
class, are fit, selecting the optimal number of classes.
The general approach is to choose the model with the
fewest classes that best fit the data. The separation of
classes should have clinical significance.

In this study, we used age as a continuous covari-
ate along with dichotomous risk factors (current/past
smoking, hypercholesterolemia, diabetes, hyperten-
sion, family history of CAD, known cardiovascular dis-
ease, chronic obstructive pulmonary disease [COPD],
and chronic kidney disease) as input of the model.
These clinical covariates were selected a priori to in-
clude commonly available variables in routine practice,
while also taking into account their known associations
with adverse outcomes in T2MI.

Then, we first estimated a 1-class model and then
added classes until we identified the best fit model. We
examined model fit on the basis of our clinical under-
standing of the possible number of clinical phenotypes
of the disease, on parsimony, ease of interpretation,
and the following statistical criteria: (1) the Bayesian in-
formation criterion, with lower values indicating better
model fit?6; (2) the smallest class size, with higher values
indicating better fit; and (3) the average latent class pos-
terior probability, with higher values denoting better fit.

After identifying the best model, we assigned each
case to a specific clinical phenotype based on its max-
imum posterior class membership probability.

Outcomes were estimated using Kaplan—Meier
curves and compared among the study phenotypes
using the log-rank test. For stratified comparisons
based on the presence of obstructive CAD, adjust-
ment for multiple comparisons was performed using
the Bonferroni correction. As a sensitivity analysis, we
repeated the long-term outcome comparison after
excluding patients with coronary artery spasm, em-
bolism, or dissection to assess the robustness of the
prognostic findings across clinical phenotypes.

Cox regression models were used to determine the
independent predictors of MACEs in each T2MI clinical
phenotype. Variables with a significance level of 0.1 in
univariate models were included in multivariable mod-
els. For the analysis, we selected the main known pre-
dictors of outcome in patients with T2MI, specifically,
age; sex; hypertension; dyslipidemia; diabetes; history
of cardiovascular disease; COPD; estimated glomerular
filtration rate; hemoglobin levels; left ventricular ejection
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fraction; peak cTn values; coronary atherosclerotic bur-
den as evaluated by the Gensini score; and secondary
prevention therapy, including aspirin, dual antiplatelet
therapy, statins, 8 blockers, and angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers. The
proportional hazards assumption for the Cox model
was tested using Schoenfeld residuals, both globally
and for each covariate included in the multivariable
models. Influential observations were detected using
DFBETA residuals. Linearity in the relationship be-
tween continuous covariates and the log hazard was
assessed using deviance residuals.

All the statistical analyses were performed using
SPSS Statistics version 28.0.1.1 (IBM, Armonk, NY)
and Stata version 17 (StataCorp, College Station, TX).
The significance level was set to P<0.05.

RESULTS

Study Population
A total of 2633 patients hospitalized for non-ST-
segment—elevation  myocardial  infarction ~ who
underwent CAG were potentially eligible for the study.
Among these, 1677 patients were excluded due to a
clinical presentation consistent with AMI subtypes
other than T2MI, 166 patients due to a nonischemic
mechanism of myocardial damage, and 16 patients
due to incomplete 1-year follow-up.

The final sample consisted of 774 patients with con-
firmed T2MI and complete 1-year follow-up data.

Baseline characteristics of the overall cohort are
provided in Tables 1 and 2. The study population in-
cluded predominantly older people with a mean age
of 70.2+12.7 years, with an even sex distribution (47.9%
were women), and a high prevalence of cardiovascular
risk factors, particularly hypertension. Many had ex-
isting cardiovascular diseases, and a significant pro-
portion were treated with aspirin. Most patients had
identifiable causes for T2MI, with tachyarrhythmias
and hypertension being the most common. CAG re-
vealed that more than half (55.0%) had obstructive
CAD, with a smaller group (6.5%) showing nonathero-
sclerotic coronary lesions. The median Gensini score
was 7 (interquartile range, 0-34.75); 34.6% of patients
underwent revascularization, predominantly via percu-
taneous coronary intervention, and discharge medica-
tions commonly included aspirin, statins, g blockers,
and renin—angiotensin—aldosterone system inhibitors.

Identification of Clinical Phenotypes and
Baseline Characteristics

Two clinical phenotypes were identified using LCA, as
described in the Methods section (Figure 1). As shown
in Table S1, which presents the LCA results for different
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Table 1. Baseline Characteristics of the Overall Cohort Study and Clinical Phenotypes Identified Using Latent Class
Analysis

Total P1 T2MI P2 T2MI
N=774 N=244 N=530 P value
Agey 70.2+12.7 571+10.6 76.2+8.2 <0.001
Female sex 371 (47.9) 101 (41.4) 270 (50.9) 0.013
Body mass index, kg/m? 26.6+4.8 26.4+4.6 26.6+4.9 0.704
Cardiovascular risk factors
Current/past smoking* 405 (52.3) 148 (60.7) 257 (48.5) 0.002
Hypertension* 590 (76.2) 101 (41.4) 489 (92.3) <0.001
Dyslipidemia* 492 (63.6) 111 (45.5) 381 (71.9) <0.001
Type 2 diabetes* 193 (24.9) 20 (8.2) 173 (32.6) <0.001
Family history of ischemic heart 125 (16.1) 85 (34.8) 40 (7.5) <0.001
disease*
Medical history
Known cardiovascular disease* 278 (35.9) 35 (14.3) 243 (45.8) <0.001
Previous myocardial 185 (23.9) 26 (10.7) 159 (30.0) <0.001
infarction
Previous PCI 142 (18.3) 21 (8.6) 121 (22.8) <0.001
Previous CABG 39 (5.0) 1(0.4) 38(7.2) <0.001
Previous TIA/stroke 50 (6.5) 5 (2.0) 45 (8.5) <0.001
PAD 59 (7.6) 4(1.6) 55 (10.4) <0.001
COPD* 118 (15.2) 9(@3.7) 109 (20.6) <0.001
Chronic kidney disease* 253 (32.7) 9(3.7) 244 (46.0) <0.001
Medical therapy at admission
Aspirin 311 (40.2) 46 (18.9) 265 (50.0) <0.001
P2Y,, inhibitor 73 (9.4) 9(3.7) 64 (12.1) <0.001
Statin 268 (34.6) 38 (15.6) 230 (43.4) <0.001
{8 blocker 348 (45.0) 52 (21.3) 296 (55.8) <0.001
ACEI/ARB 396 (51.2) 47 (19.9) 349 (65.8) <0.001
Oral anticoagulant 102 (13.2) 7(2.9) 95 (17.9) <0.001
Clinical and laboratory characteristics at admission
Heart rate, pulse/min 88.6+28.1 84.5+27.0 90.5+28.4 0.002
Systolic blood pressure, mmHg 142.2+£30.8 140.1£29.0 143.2+31.5 0129
Diastolic blood pressure, 80.5+£17.4 83.0+£16.2 79.3+17.8 0.002
mmHg
Creatinine, mg/dL 0.9 (0.8-1.2) 0.8 (0.7-1.0) 1.0(0.8-1.3) <0.001
Peak cTnl, X URL 19.7 (6.1-60.7) 156.7 (6.0-52.6) 21.1 (6.2-65.5) 0.445
Total cholesterol, mg/dL 185.6+50.0 200.7+43.0 178.6+£51.5 <0.001
Hemoglobin, g/dL 13.2+21 14.2+1.8 12.8+2.0 <0.001
C-reactive protein, mg/dL 0.4 (0.2-1.2) 0.3 (0.1-0.7) 0.5 (0.2-1.6) <0.001
GRACE score 143+38.9 113+30.6 156+34.3 <0.001
Sinus rhythm at ECG 632 (81.7) 227 (93.0) 405 (76.4) <0.001
Signs of ischemia at ECG 403 (52.1) 109 (44.7) 294 (55.5) 0.005
LVEF, % 54.4+111 571+9.1 53.2+11.7 <0.001
LVEF <50%, n (%) 194 (25.1) 37 (15.2) 157 (29.6) <0.001

Continuous variables are presented as median (interquartile range) or mean+SD according to the frequency distribution, and categorical variables as n (%).
ACEI indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; COPD, chronic obstructive
pulmonary disease; cTnl, cardiac troponin I; GRACE, Global Registry of Acute Coronary Events; LVEF, left ventricular ejection fraction evaluated by transthoracic
echocardiogram; P1 T2MI, phenotype 1 type 2 myocardial infarction; P2 T2MI, phenotype 2 type 2 myocardial infarction; PAD, peripheral artery disease; PCI,
percutaneous coronary intervention; TIA, transient ischemic attack; and URL, upper reference limit.

*Variables used in latent class analysis.

J Am Heart Assoc. 2025;14:e042858. DOI: 10.1161/JAHA.125.042858 5



G20z ‘z Jequieides uo Aq Bio'sjeulno feye//:dny wouy pepeojumoq

Bertolini et al

Clinical Phenotypes in Type 2 Myocardial Infarction

Table 2. Angiographic Findings, Procedural Characteristics, and Discharge Details in the Overall Cohort Study and by

Clinical Phenotype

Total P1 T2MI P2 T2MI
N=774 N=244 N=530 P value
Angiographic findings
1-vessel disease 152 (19.8) 45 (18.4) 108 (20.4) 0.530
2-vessel disease 95 (12.3) 24 (9.8) 71 (13.4) 0.161
3-vessel disease 120 (15.5) 19 (7.8) 101 (19.1) <0.001
Left main disease only 12 (1.6) 2(0.8) 10 (1.9) 0.264
Obstructive CAD 426 (55.0) 98 (40.2) 328 (61.9) <0.001
Gensini score 7 (0-34.75) 1.5 (0-14) 11 (0-42) <0.001
Nonatherosclerotic coronary artery lesions 50 (6.5) 39 (16.0) 11(2.1) <0.001
Coronary dissection 24 (3.1) 20 (8.2) 4(0.8) <0.001
Coronary embolism 2(0.9 0(0.0) 2(0.4) 0.337
Coronary vasospasm 18 (2.3) 14 (6.7) 4(0.8) <0.001
Myocardial bridging 6(0.8) 5(2.0) 1(0.2 0.006
Myocardial revascularization
PCI 257 (33.2) 74 (30.3) 183 (34.5) 0.249
CABG 18 (2.3) 2(0.8) 16 (3.0) 0.059
Medical therapy at discharge*
Aspirin 631 (82.4) 199 (81.6) 432 (82.8) 0.684
DAPT 459 (59.9) 158 (64.8) 301 (57.7) 0.062
Statins 616 (80.4) 192 (78.7) 424 (81.2) 0.410
B blockers 631 (82.4) 195 (79.9) 436 (83.5) 0.222
ACEI/ARB 568 (74.2) 148 (60.7) 420 (80.5) <0.001
Oral anticoagulant 163 (21.3) 17 (7.0) 146 (28.0) <0.001

Continuous variables are presented as median (interquartile range) or mean+SD according to the frequency distribution, and categorical variables as n (%).
ACEIl indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; CAD, coronary artery disease;
DAPT, dual antiplatelet therapy; P1 T2MI, phenotype 1 type 2 myocardial infarction; P2 T2MI, phenotype 2 type 2 myocardial infarction; and PCI, percutaneous

coronary intervention.
*Data from patients discharged alive only.

class models, the Bayesian information criterion sug-
gested a 3-class model. However, the difference in
Bayesian information criterion between the 3- and 2-
class solutions was modest, and the average latent
class posterior probability was excellent for the 2-class
solution (ie, >0.90). For this reason, and for a practi-
cal approach, we chose the 2-class solution over the
3-class solution. The baseline characteristics of the 2
identified clinical phenotypes are presented in Tables 1
and 2.

Of the 774 patients, 244 (31.5%) were classified in
phenotype 1 (P1 T2MI) and 530 (68.5%) in phenotype
2 (P2 T2MI). P1 T2MI comprised significantly younger
patients (mean age, 57.1+10.6 versus 76.2+8.2 years)
than P2 T2MI and had fewer cardiovascular risk fac-
tors, except for smoking, which had a higher preva-
lence in the first phenotype (60.7% versus 48.5%,
P=0.002). P2 T2MI had a markedly greater burden of
comorbidities, including a significantly higher preva-
lence of known cardiovascular disease (14.3% in P1
T2MI versus 45.8% in P2 T2MlI, P<0.001). Conversely,

in P1 T2MI, the index event was often the first event in
patients’ cardiovascular histories.

Although peak cTn levels did not significantly differ
between the 2 clinical phenotypes, Global Registry of
Acute Coronary Events score was higher in P2 T2MI
(mean values 156+34.3 versus 113+30.6, P<0.001),
whereas left ventricular ejection fraction was higher in
P1 T2MI (57.1% versus 53.2%, P<0.001), as were total
cholesterol levels (mean values, 200.7+43.0 versus
178.6+51.5 mg/dL, P<0.001).

Comparison of T2MI Pathogeneses and
Atherosclerotic Burden Between Clinical
Phenotypes

Table S2 presents the precipitating factors of T2Ml in
the overall population and within each clinical pheno-
type (Figure 2). Significant differences in precipitating
factors were observed between the 2 clinical pheno-
types. P2 T2MI experienced multiple causative factors
more frequently than P1 T2MI (16.4% versus 10.7%,
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Predicted Latent Class Probabilities With 95% CI
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Figure 1. Predicted probability of phenotype assignment
on the basis of age and comorbidities.

A, predicted probability of assignment to P1 or P2 T2MI as a
function of age: the curves show that starting from about age 64
years, patients are more likely to belong to P2 T2MI; B, predicted
probability (and 95% CI) of dichotomous indicators of disease in
P1 T2MI; C, predicted probability (and 95% CI) of dichotomous
indicators of disease in P2 T2MI. CKD indicates chronic kidney
disease; COPD, chronic obstructive pulmonary disease; CV,
cardiovascular; P1 T2MI, phenotype 1 type 2 myocardial
infarction; and P2, phenotype 2 type 2 myocardial infarction.

P=0.035), with higher rates of sepsis (12.1% versus
5.7%, P=0.007), anemia/relevant bleeding (5.1% ver-
sus 0.4%, P=0.001), and respiratory failure (16.2%
versus 6.6%, P<0.001). Nonatherosclerotic coronary
artery lesions were significantly more common in P1
T2MI (16.0% versus 2.1%, P<0.001), which also had a
lower prevalence of obstructive CAD compared with P2
T2MI (40.2% versus 61.9%, P<0.001). Consequently,
P2 T2MI had a markedly higher atherosclerotic burden,
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as indicated by higher Gensini (median values, 1.5 [in-
terquartile range, 0—14] versus 11 (interquartile range,
0-42), P<0.001])). Despite these differences, while
overall rates of revascularization, whether percutane-
ous or surgical, did not significantly differ between the
clinical phenotypes, among patients with obstructive
CAD, those in phenotype 1 were more frequently re-
vascularized than those in phenotype 2. Notably, sec-
ondary prevention therapy was substantially intensified
in both phenotypes, even among patients who were
already receiving similar treatment before admission,
and despite the absence of significant coronary steno-
sis (Tables S3 and S4).

Short- and Long-Term Outcomes and
Prognostic Predictors

At 30days after the T2MI event, no significant
differences in overall MACE were observed between
the 2 phenotypes (Table S5). However, when examining
individual components of the composite outcome, P2
T2MI had higher rates of all-cause death (2.5% versus
0%, P=0.014) and cardiovascular death (2.1% versus
0%, P=0.023) compared with P1 T2MI.

Table 3 shows the rates of MACEs and other
outcomes in the overall cohort and the 2 clinical
phenotypes over a median follow-up of 53 months (in-
terquartile range, 30-71). In the overall population, 380
patients (49.1%) experienced MACEs during follow-up,
with all-cause death accounting for 25.7% of cases,
primarily driven by cardiovascular death (15.8%).
Nonfatal reinfarction occurred in 94 patients (12.1%),
with more than half of these classified as type 2 rein-
farctions (7.1%).

Regarding the 2 clinical phenotypes, P1 T2MI had
a significantly better long-term prognosis in terms of
MACEs compared with P2 T2MI (23.8% versus 60.8%,
P<0.001). Specifically, P2 T2MI had higher rates of all-
cause death (34.9% versus 5.7%, P<0.001), cardiovas-
cular death (22.3% versus 1.6%, P<0.001), reinfarction
(13.8% versus 8.6%, P=0.041), type 2 reinfarction (8.5%
versus 4.1%, P=0.027), ischemic stroke (4.3% versus
1.2%, P=0.026), and heart failure hospitalization (18.1%
versus 4.5%, P<0.001). Unplanned revascularization
rates did not differ between the 2 clinical phenotypes
(5.8% versus 4.5%, P=0.444).

The Kaplan-Meier curves show that patients in
P2 T2MI had worse outcomes in terms of MACEs
over a 5-year period compared with those in P1 T2M|
(Figure 3A), as well as higher rates of type 2 reinfarc-
tion (Figure S1). The Kaplan—Meier curves, stratified
by the presence of obstructive CAD, showed that, in
P2 T2MI, patients with obstructive CAD had a worse
long-term prognosis compared with those with non-
obstructive CAD. In contrast, no significant differences
were observed between patients with obstructive and
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Figure 2. Distribution of pathogeneses of T2MI among clinical phenotypes.

The bar chart illustrates the distribution of different pathogeneses of T2MI across the 2
clinical phenotypes identified using latent class analysis. Each bar represents the proportion
(%) of precipitating factors causes in each clinical phenotype, highlighting the variability in
pathogenetic factors between the clinical phenotypes. NS=P>0.05; *P<0.05; **P<0.071;
***P<0.001. T2MI indicates type 2 myocardial infarction.

nonobstructive CAD in P1 T2MI (Figure 3B). Similar re-
sults were observed in the sensitivity analysis exclud-
ing patients with coronary artery spasm, embolism,
or dissection, confirming the robustness of the prog-
nostic differences between phenotypes (Table S6 and
Figure S2).

In P1 T2MI, a multivariable Cox regression model
identified peak cTn values as the only independent
predictor of MACEs (adjusted hazard ratio [aHR], 1.13
[95% ClI, 1.05-1.21]; P=0.001; Table 4). Conversely,
in P2 T2MI, age (@HR, 1.02 [95% CI, 1.01-1.04];
P=0.005), known cardiovascular disease (@HR, 1.45

[95% CI, 1.14-1.87]; P=0.003), COPD (aHR, 1.73 [95%
Cl, 1.33-2.26]; P<0.001), peak cIn values (aHR, 1.05
[95% ClI, 1.01-1.08]; P=0.012), and the Gensini score
(@HR, 1.04 [95% CI, 1.01-1.07]; P=0.003) emerged as
independent predictors of MACEs (Table 5). The pro-
portional hazards assumption was confirmed for all
models using Schoenfeld residuals (Table S7). The ex-
clusion of influential observations did not modify the
results in either phenotype. Linearity in the relationship
between continuous covariates and the log hazard
was supported by the analysis of deviance residuals
(Figures S3 and S4).

Table 3. Long-Term Outcomes in the Overall Cohort Study and by Clinical Phenotype

Total P1 T2MI P2 T2MI
N=774 N=244 N=530 P value
MACEs 380 (49.1) 58 (23.8) 322 (60.8) <0.001
All-cause death 199 (25.7) 14 (5.7) 185 (34.9) <0.001
Reinfarction 94 (12.1) 21 (8.6) 73 (13.8) 0.041
Unplanned revascularization 42 (5.4) 11 (4.5) 31(5.8) 0.444
Ischemic stroke 26 (3.4) 3(1.2) 23 (4.3) 0.026
Heart failure hospitalization 107 (13.8) 11 (4.5) 96 (18.1) <0.001
Type 2 reinfarction 55 (7.1) 10 (4.1) 45 (8.5) 0.027
Cardiovascular death 122 (15.8) 4(1.6) 118 (22.3) <0.001

MACE indicates major adverse cardiovascular event; P1 T2MI, phenotype 1 type 2 myocardial infarction; and P2 T2MI, phenotype 2 type 2 myocardial
infarction;.

J Am Heart Assoc. 2025;14:e042858. DOI: 10.1161/JAHA.125.042858
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P1 T2MI | 244 212 172 88 Nonobstructive CAD | 146 130 99 54
Obstructive CAD | 98 82 73 34
P2 T2MI | 530 364 238 123
Nonobstructive CAD | 202 151 99 45
Obstructive CAD (328 213 139 78

Figure 3. Kaplan-Meier estimates of survival from MACEs in the 2 clinical phenotypes (A) and in each clinical phenotype
stratified by the presence of obstructive CAD (B).

Kaplan—Meier curves illustrating MACE-free survival. A, compares survival between the 2 clinical phenotypes identified using latent
class analysis, while (B) shows survival in each clinical phenotype stratified according to the presence/absence of obstructive CAD.
The curves indicate significant differences in MACE-free survival between the 2 clinical phenotypes and highlight that the impact
of obstructive CAD on survival outcomes is observed only among patients in P2 T2MI. In (B), the Bonferroni-adjusted significance
threshold was set at P<0.025 to account for multiple comparisons. CAD indicates coronary artery disease; MACE, major adverse
cardiovascular event; P1 T2MI, phenotype 1 type 2 myocardial infarction; and P2 T2MI, phenotype 2 type 2 myocardial infarction.

DISCUSSION

To our knowledge, this is the first study to search for
empirical evidence of different clinical phenotypes in a

large real-world cohort of patients with T2MI and to ex-
plore specific risk factors and long-term prognosis on
the basis of these clinical phenotypes. The main find-
ings are (1) T2Ml is associated with a poor long-term

Table 4. Univariate and Multivariable Analyses to Identify MACE Predictors in P1 T2MI

Univariate regression Multivariable regression
HR 95% ClI P value HR 95% ClI P value
Age, y 0.99 0.97-1.02 0.448
Sex, female 0.95 0.56-1.62 0.846
Hypertension 1.11 0.65-1.88 0.708
Dyslipidemia 0.66 0.38-1.12 0.124
Diabetes 1.97 0.88-4.37 0.098 1.64 0.73-3.72 0.234
Known cardiovascular disease 1.61 0.88-2.94 0.126
COPD 1.66 0.60-4.59 0.333
eGFR, mL/min per 1.73 m? 1.00 0.98-1.01 0.776
Hemoglobin, g/dL 1.03 0.88-1.20 0.719
LVEF, % 0.98 0.95-1.00 0.076 0.98 0.96-1.01 0.303
Peak cTnl, X URL 115 1.08-1.23 <0.001 113 1.05-1.21 0.001
Aspirin 116 0.59-2.30 0.664
DAPT 1.32 0.73-2.38 0.353
Statin 0.90 0.49-1.64 0.723
B blocker 1.37 0.67-2.80 0.384
ACEI/ARB 1.45 0.83-2.54 0.190
Gensini score 1.08 1.01-1.14 0.016 1.05 0.98-112 0.201

Variables associated with MACEs in univariate regression (P value<0.1) were included in the multivariable model. ACEI indicates angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; cTnl, cardiac troponin I; DAPT, dual antiplatelet therapy;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction evaluated by transthoracic echocardiogram; MACE, major
adverse cardiovascular event; P1 T2MI, phenotype 1 type 2 myocardial infarction; and URL, upper reference limit.
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Table 5. Univariate and Multivariable Analyses to Identify MACE Predictors in P2 T2MI

Univariate regression Multivariable regression

HR 95% ClI P value HR 95% ClI P value
Age, y 1.08 1.02-1.05 <0.001 1.02 1.01-1.04 0.005
Sex, female 0.81 0.65-1.02 0.067 0.94 0.73-1.21 0.637
Hypertension 0.85 0.57-1.26 0.414
Dyslipidemia 0.65 0.51-0.82 <0.001 0.65 0.57-0.82 0.016
Diabetes 116 0.92-1.47 0.199
Known cardiovascular disease 1.63 1.30-2.04 <0.001 1.45 1.14-1.87 0.003
COPD 1.75 1.36-2.26 <0.001 1.73 1.33-2.26 <0.001
eGFR, mL/min per 1.73 m2 0.99 0.98-0.99 <0.001 0.99 0.98-0.99 <0.001
Hemoglobin, g/dL 0.91 0.86-0.96 0.001 0.97 0.91-1.03 0.295
LVEF, % 0.98 0.97-0.99 <0.001 0.99 0.98-1.00 0.057
Peak cTnl, X URL 1.05 1.02-1.08 0.003 1.05 1.01-1.08 0.012
Aspirin 0.97 0.71-1.32 0.851
DAPT 118 0.93-1.48 0.166
Statin 0.92 0.70-1.21 0.550
f blocker 1.03 0.76-1.40 0.859
ACEI/ARB 0.67 0.51-0.87 0.003 0.84 0.63-1.13 0.246
Gensini score 1.04 1.02-1.07 <0.001 1.04 1.01-1.07 0.003

Variables associated with MACEs in univariate regression (P value <0.1) were included in the multivariable model. ACEIl indicates angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; cTnl, cardiac troponin I; DAPT, dual antiplatelet therapy;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction evaluated by transthoracic echocardiogram; MACE, major
adverse cardiovascular event; P1 T2MI, phenotype 1 type 2 myocardial infarction; and URL, upper reference limit.

prognosis, that is, high rates of MACEs and frequent
type 2 reinfarctions; (2) in the heterogeneous spectrum
of patients with T2MI, 2 distinct clinical phenotypes
can be identified: relatively young and healthy patients
and older patients with high comorbidity rates; (3) the 2
clinical phenotypes exhibit different clinical character-
istics, precipitating factors, prognoses, and predictive
prognostic factors, despite still sharing common man-
agement and therapeutic strategies; and (4) the extent
of CAD is an independent prognostic predictor only in
older and comorbid patients with T2MI, while it shows
no prognostic value in younger and relatively healthier
patients with T2MI (Graphical Abstract).

Clinical Characteristics and Prognosis of
T2MI

The study cohort before phenotyping aligned with the
existing knowledge about patients with T2MI, char-
acterized by a high mean age and significant cardio-
vascular risk profiles.” In our study cohort, 83.7% of
patients had identifiable precipitating factors explaining
the oxygen supply—-demand mismatch; this is promis-
ing for treatment, as managing T2MI mainly involves
addressing the underlying causes.® Literature reports
on triggering factor recognition vary widely, ranging
from 20% to almost 100%; however, our findings cor-
roborate that the most common T2MI causes include

J Am Heart Assoc. 2025;14:e042858. DOI: 10.1161/JAHA.125.042858

tachyarrhythmias, hypertension, respiratory failure/hy-
poxia, and sepsis.!'-13.27-29

Additionally, the atherosclerotic coronary burden
was substantial, with more than half of the patients
exhibiting obstructive CAD and nearly 1 in 5 having
critical 3-vessel disease, confirming the existing liter-
ature."30 Although evidence specifically guiding opti-
mal T2MI management remains limited, current clinical
practice often includes the use of therapies tradition-
ally recommended for secondary prevention in athero-
sclerotic cardiovascular disease. In our cohort, aspirin
use more than doubled from admission to discharge
(from 40.2% to 82.4%), and 59.8% of patients were dis-
charged on dual antiplatelet therapy. Notably, this rate
of dual antiplatelet therapy use was not solely driven by
revascularization, as only one third underwent percu-
taneous coronary intervention. This proportion aligns
with prior reports, which describe revascularization
rates ranging widely in T2MI, and likely reflects both
the heterogeneity of clinical presentations and the se-
lective use of invasive strategies in this complex pop-
ulation.’ Patients were also likely to start g blockers,
renin—angiotensin—aldosterone system inhibitors, and
statins during their hospital stay, mirroring treatment
strategies commonly used in TIMI and other high-risk
cardiovascular settings.

Our results confirm that the prognosis for T2Ml is
far from benign: over a median follow-up of 53 months,
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half of the patients experienced a MACE. These find-
ings highlight the complexity of T2MI management and
suggest that directly applying strategies developed for
T1MI may not adequately address the diverse patho-
physiological mechanisms and clinical needs of pa-
tients with T2MI. Inadequate or misaligned treatment,
whether due to underuse of preventive therapies or in-
appropriate intensification, may contribute to the high
rate of adverse outcomes. Furthermore, the cardio-
vascular death rate in our cohort (15.8%) aligns with
existing literature and accounted for more than half of
all-cause deaths (25.7%),3'-3% suggesting that cardio-
vascular causes might represent a potentially relevant
contributor to death in patients with T2MI. Reinfarction
was a frequent occurrence among those experiencing
MACEs, constituting 24.7% of total MACEs. Notably,
more than half (568.5%) of these were type 2 reinfarc-
tions, indicating that T2Ml is often a recurrent event in
the natural history of this specific disease.®3

Distinct Clinical Phenotypes in T2MI:
Differing Clinical Profiles and Event
Triggers

The identification of 2 clinical phenotypes was
consistent with everyday clinical observations. In fact,
T2MI affects not only older individuals with multiple
comorbidities and a higher cardiovascular risk profile
(P2 T2MI), but also middle-aged patients with few or
no significant health issues and a lower cardiovascular
risk profile (P1 T2MI). All factors used in the model were
significantly different between the 2 clinical phenotypes
and biologically plausible. Given this clear distinction,
most patients with T2MI are likely to align with 1 of
these 2 profiles in clinical practice.

Each clinical phenotype displayed a distinct profile
of precipitating factors, which could have significant
implications for management. P1 T2MI experienced
higher rates of nonatherosclerotic coronary lesions,
such as dissection, vasospasm, myocardial bridging
and embolism, along with cases of unknown patho-
genesis. The significant number of patients lacking an
identified cause suggests the need for additional in-
vestigative methods beyond CAG to better understand
the underlying mechanisms of AMI in this phenotype in
order to implement the most appropriate treatment. In
such cases, the integrated use of coronary optical co-
herence tomography and cardiac magnetic resonance
has proven helpful in identifying potential mechanisms
of AMI in the majority of patients.35-38

In contrast, P2 T2MI had more easily diagnosable
triggers, including higher rates of sepsis, anemia, and
respiratory failure, consistent with clinical observations
that often reveal multiple precipitating factors in this
phenotype. Interestingly, no significant differences were
observed between the 2 clinical phenotypes regarding

J Am Heart Assoc. 2025;14:e042858. DOI: 10.1161/JAHA.125.042858
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hypertension and tachyarrhythmias as causes of T2MI.
This may be explained by the fact that both conditions
precipitate ischemic injury through increased myocar-
dial oxygen demand rather than reduced supply, mak-
ing them equally likely to affect patients across both
clinical phenotypes.

Conversely, the 2 clinical phenotypes significantly
differed in their atherosclerotic coronary burden, with
P2 T2MI exhibiting markedly higher rates of obstructive
CAD, critical 3-vessel disease, and elevated Gensini
score. Interestingly, although overall revasculariza-
tion rates did not differ between clinical phenotypes,
patients in P1 T2MI with obstructive CAD were more
frequently revascularized compared with those in P2
T2MI. Nonetheless, medical therapy at discharge was
broadly similar between the groups. This discrepancy
between the varying degrees of CAD severity across
clinical phenotypes and the similarity in therapeutic
strategies suggests that our understanding and man-
agement of T2MI continue to be informed by our expe-
riences with T1ML.

Distinct Risk Profiles and Therapeutic
Implications in T2MI Clinical Phenotypes
While prognosis in terms of MACE was significantly
better for patients in P1 T2MI compared with P2 T2MI,
as expected, notable differences in predictive prog-
nostic factors emerged during multivariable analysis.
In P1 T2MI, only peak cIn levels were associated with
a higher adjusted hazard ratio for MACEs. Conversely,
in P2 T2MI, several prognostic factors were identified,
including age, cardiovascular disease, COPD, peak
cln values, and atherosclerotic burden as estimated
by Gensini score.

The high proportion of patients in P1 T2MI with ab-
sent or unremarkable CAD, combined with a relatively
greater incidence of nonatherosclerotic coronary le-
sions, helps explain why differences in atherosclerotic
burden lack meaningful prognostic implications. The
relative absence of clear prognostic factors in P1 T2MI
may be attributed to the presence of generally healthy
patients with minimal cardiac disease and few comor-
bidities. However, this also underscores the need for
further research to uncover the determinants of out-
comes in this subgroup. Since P1 T2MI included a
larger proportion of patients with undetected triggering
causes compared to with P2 T2MI, accurately identi-
fying these factors could provide valuable insights into
their prognosis.

In P2 T2MI, age and COPD as prognostic factors
may similarly reflect a greater degree of frailty. Known
cardiovascular diseases and higher atherosclerotic
burden also play a significant role in this clinical pheno-
type. This observation aligns with the concept of T2MI:
when faced with the same triggering conditions, hearts
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with reduced functional reserve, both mechanical and
coronary, are more prone to experience supply—de-
mand mismatches compared with healthier hearts.
This is further supported by the fact that these patients
are more likely to experience type 2 reinfarctions over
time.

Previous studies have shown that CAD is an in-
dependent predictor of MACEs in patients with
T2MI.410:28:39.40 However, our study suggests that the
prognostic value of CAD may vary according to the pa-
tient’s clinical phenotype. In particular, in younger pa-
tients with less extensive CAD (P1 T2MI), its impact on
outcomes may be attenuated, especially in the short
term, whereas in older and more comorbid patients
(P2 T2MI) it appears to be more pronounced.

This evidence indicates the need to move beyond a
“1-size-fits-all” approach to the management of T2MI.
Clinicians should be encouraged to adopt more tai-
lored and individualized therapeutic strategies based
on specific patient clinical phenotypes."*+4? For pa-
tients with P1 T2MI, the focus should be on identifying
and addressing the inciting cause of T2MI, especially
nonatherosclerotic coronary events or other cardio-
vascular conditions. In contrast, patients with P2 T2MI
require a dual approach: recognizing and eliminating
the systemic trigger of T2MI, while also treating under-
lying atherosclerosis. Future studies will be crucial in
demonstrating the efficacy of these phenotype-driven
management strategies, potentially leading to improved
long-term outcomes in each clinical phenotype.

Study Limitations

Although this is one of the first studies addressing this
topic with a large sample size, some limitations should
be considered. First, the study population included only
patients who underwent CAG. Opposing trends in T2MI
management are worth noting: on the one hand, pa-
tients with a higher pretest probability of CAD, typically
older and more comorbid, are more likely to undergo
CAG."® On the other hand, this same clinical phenotype
may also be more often managed conservatively, with-
out invasive procedures. As a result, our findings reflect
a population of patients with T2MI selected for angio-
graphic evaluation and may not fully capture the clinical
spectrum and treatment variability of all patients with
T2MI. This underscores the importance of future re-
search comparing the characteristics and outcomes of
patients with T2MI who do and do not undergo CAG.*®
Second, although all coronary angiograms consistent
with TIMI were excluded during screening and intrac-
oronary imaging was used when clinically indicated, we
cannot rule out the possibility that some minor acute
plaque disruptions were undetected and thus included
in the study. In addition, due to the inherent diagnos-
tic complexity of T2MI, a proportion of patients with
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acute myocardial injury might have been misclassified
as having T2MI, as demonstrated in previous studies,
despite formal adjudication according to the Fourth
Universal Definition of Myocardial Infarction.'®#* Third,
considering the study design, T2MI phenotyping is not
applicable to patients with ST-segment—elevation myo-
cardial infarction. In the ST-segment—elevation myocar-
dial infarction setting, urgent reperfusion is prioritized
regardless of the infarct mechanism. Including patients
with ST-segment—elevation myocardial infarction would
have introduced treatment and prognostic heterogene-
ity compared with patients with non—-ST-segment—ele-
vation myocardial infarction, where management more
directly reflects the clinical complexity of T2MI. Finally,
despite the statistical robustness of clinical phenotype
identification, some overlap between clinical pheno-
types exists, as they necessarily represent a simplified
model of a complex population. Therefore, our findings
should be considered as exploratory, although biologi-
cally plausible, and larger studies are needed to vali-
date these results.

CONCLUSIONS

This study, conducted on a large, real-world cohort of
patients with T2MI, is the first to identify 2 distinct clinical
phenotypes, each characterized by unique baseline
features and pathogeneses. Phenotype 1 included
younger, healthier patients with fewer comorbidities
and lower coronary atherosclerotic burden; vice versa,
Phenotype 2 included older, comorbid patients with
higher prevalence of significant CAD. Despite being
managed with similar strategies derived from T1MI,
these clinical phenotypes exhibit different prognoses
and distinct prognostic indicators. Phenotype 1 had
more favorable outcomes and peak troponin values
as the sole independent predictor, while Phenotype
2 demonstrated worse outcomes and several robust,
independent predictors, including a higher coronary
atherosclerotic burden. These findings highlight the
heterogeneity of the T2MI population and underscore
the potential of phenotyping as a promising approach to
develop tailored diagnostic and therapeutic strategies.
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