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a b s t r a c t 

Type 2 myocardial infarction (T2MI) occurs due to an imbalance between coronary blood supply and 

myocardial oxygen demand, leading to ischemia without the rupture of an atherosclerotic plaque, distin- 

guishing it from Type 1 myocardial infarction (T1MI). Although T2MI is frequently diagnosed in clinical 

practice and associated with a poor prognosis, there is limited understanding of the sex differences in 

this condition, despite women representing a higher proportion of T2MI cases compared to T1MI. 

This review explores the definitions, epidemiological aspects, and clinical scenarios that reveal significant 

differences in T2MI between men and women that contribute to disparities in outcomes. It examines the 

unique roles that sex and gender play in the development, presentation, and diagnosis of T2MI, empha- 

sizing the need for greater awareness of these factors. Understanding how these differences contribute to 

this condition is essential for developing patient-tailored approaches to managing this often-undervalued 

disease and improving outcomes. 

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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According to the Fourth Universal Definition of Myocardial In- 

arction (MI), type 2 MI (T2MI) represents a clinical condition iden- 

ified by ischemia and a concomitant acute myocardial injury de- 

ermined by a mismatch in myocardial blood demand and supply, 

n the absence of atherothrombosis or plaque disruption [ 1 , 2 ]. 

Over the last years, only small observational, single-center stud- 

es have explored this condition and expanded the knowledge re- 

arding patients with T2MI [ 3 , 4 ]. In comparison to type 1 MI, T2MI

s more common despite being significantly underrecognized, is 

ssociated with relevant morbidity and mortality and apparently 

ffects predominantly older patients who are more likely to be 
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emale and affected by other cardiovascular (CV) conditions (dia- 

etes, heart failure and atrial fibrillation) [ 5 ]. 

Supportive treatment targeting the triggering conditions under- 

ying the oxygen supply-demand mismatch and concomitant man- 

gement of CV risk factors represent the cornerstone approach to 

atients affected by T2MI [ 5 , 6 ]. 

Sex- and gender-related differences have been described across 

 wide spectrum of cardiovascular conditions, both in the setting of 

schemic and non-ischemic heart disease [ 7–9 ]. Although sex dif- 

erences in clinical features and outcomes for T1MI patients are 

ell established, little is known regarding the role of sex and gen- 

er in T2MI [ 10–12 ]. However, women seem to be affected more 

requently by T2MI and present with a better long-term prognosis 

han men with this condition, although findings are inconsistent 

 4 ]. 

In this comprehensive review, we sought to describe the exist- 

ng knowledge regarding sex and gender-based differences in clini- 

al characteristics, pathophysiology and outcomes of T2MI between 

emale and male patients, and to promote a more sex- and gender- 

ensitive approach to this clinical condition. 

efinition and epidemiology 

T2MI is a clinical syndrome characterized by a myocardial in- 

ury due to a discrepancy in myocardial blood demand and supply 

ithout evidence of plaque disruption or atherothrombosis. After 

he introduction of MI subtypes in the 2007 update of the univer- 

al definition of MI, T2MI was increasingly recognized as an under- 

ated condition despite being more common and associated with 

igher morbidity and mortality than T1MI [ 1 ]. 

As demonstrated by McCarthy et al., coronary artery disease 

CAD) is frequently observed in T2MI; however, most patients have 

on-obstructive CAD, highlighting the multifaceted background of 

schemia for this population [ 13 ]. 

According to the existing data from the literature, patients with 

2MI are older, more likely female, and have a higher prevalence 

f CV comorbidities, such as heart failure and atrial fibrillation, as 

ompared to individuals with T1MI [ 6 ]. 

The incidence of T2MI differs significantly according to clinical 

etting, definition, and diagnostic approach: it varies from 12.3 %, 

s attested in a Scottish emergency department cohort, to 2–37 % 

hen considering patients admitted to hospital [ 14 , 15 ]. In compar- 

son to T1MI, T2MI shows similar incidence in patients older than 

5 years [ 15 ]; however, it should be taken into account that car- 

iac troponins are generally assessed in case of high pre-test prob- 

bility of ischemia or myocardial injury: as a consequence, the real 

ncidence of T2MI may be underestimated, as observed in several 

rospective cohort studies [ 16 , 17 ].. 

Regarding the wide spectrum of comorbidities presented by 

hese patients, acute respiratory failure represents the MI trigger 

ssociated with the highest risk mortality in comparison to other 

onditions, while kidney failure is the most prevalent comorbidity 

mong both sexes, with higher mortality in female patients [ 18 ]. 

Given the complexity and challenges associated with T2MI, 

here is a growing need and demand for more in-depth studies 

hat should focus on the specific pathophysiological mechanisms 

nd sex differences relevant to diagnosis, risk stratification, and 

hort-and long-term management in order to improve outcomes. 

athogenesis of type 2 myocardial infarction 

As mentioned above, the mismatch between oxygen supply 

nd demand identifies the pathophysiological mechanism of T2MI, 

hile T1MI is caused by the rupture of an atherosclerotic plaque, 

oth in obstructive and non-obstructive CAD ( Fig. 1 ) [ 1 , 3 ]. 
28
A wide range of clinical conditions contributes to this imbal- 

nce ( Table 1 ). These factors, whether cardiac or systemic, can re- 

uce myocardial perfusion, increase myocardial oxygen demand, or 

nvolve overlapping mechanisms. Main contributors to the devel- 

pment of T2MI include sepsis, anemia, arrhythmias (both brad- 

arrhythmias and tachyarrhythmias), and hemodynamic distur- 

ances (hypertension or hypotension). It should be outlined that 

hese factors can individually induce this mismatch or act syner- 

istically to cause myocardial ischemia [ 6 ]. Regarding the causes 

f T2MI, sepsis represents one of the primary triggers: systemic 

asodilation and endothelial dysfunction result from the inflam- 

atory response to infection in septic patients, leading to pro- 

nflammatory cytokines such as interleukin-6 (IL-6), tumor necro- 

is factor-alpha (TNF- α), and interleukin-1 (IL-1). These molecules 

isrupt vascular tone regulation and endothelial function with a 

ubsequent reduction of nitric oxide, which is essential for main- 

aining vascular homeostasis [ 6 ]. 

Anemia represents another important cause of T2MI by reduc- 

ng myocardial oxygen delivery due to the impairment of blood 

xygen-carrying capacity. Conversely, arrhythmias, both tachy- and 

radyarrhythmias, might impair coronary perfusion and may in- 

uce ischemic episodes by increasing oxygen demand (predomi- 

antly tachyarrhythmias). It should be noted that arrhythmias, es- 

ecially atrial fibrillation, can be triggered by systemic conditions 

uch as sepsis or anemia and worsen the supply-demand mismatch 

ith subsequent myocardial ischemia [ 6 ]. 

he role of sex in the pathogenesis of T2MI 

Sex differences play a crucial role in the development and clin- 

cal presentation of T2MI. 

Although variability exists across studies, women exhibit a sig- 

ificantly higher incidence of T2MI compared to men. This dispar- 

ty is likely due to anatomical, hormonal, and functional differences 

 4 ]. 

From an anatomical standpoint, women present with smaller 

oronary arteries compared to men even when adjusted for body 

urface area (BSA). This anatomical characteristic makes female pa- 

ients more susceptible to ischemic episodes under systemic stress, 

s smaller coronary arteries reduce flow reserve and increase the 

isk of endothelial dysfunction. This results in a diminished capac- 

ty to increase blood flow in response to higher demand [ 19 ]. 

In addition, coronary arteries in women, due to the abovemen- 

ioned characteristics, are more prone to spontaneous coronary 

rtery dissection (SCAD). SCAD is a well-recognized cause of T2MI: 

t is characterized by a separation of the layers within the coro- 

ary arterial wall, usually due to an intramural hematoma, which 

ay occur with or without an associated intimal tear. The expan- 

ion of the false lumen can compress the true lumen leading to 

educed coronary blood flow and resulting in myocardial ischemia 

 20 ]. Unlike atherosclerotic coronary artery disease, SCAD is not re- 

ated to plaque rupture. Instead, it is associated with predisposing 

onditions that compromise the structural integrity of the arterial 

all, such as connective tissue disorders (e.g., Marfan or Ehlers- 

anlos syndromes), chronic inflammatory diseases (e.g., systemic 

upus erythematosus), or acute emotional and physical stressors 

hat may act as triggers [ 21 ]. Although SCAD can occur in individu-

ls of any age or sex, it predominantly affects women—accounting 

or approximately 90 % of cases—most commonly during the peri- 

enopausal period. Importantly, SCAD is the leading cause of my- 

cardial infarction during pregnancy and the postpartum period. 

ts clinical course is generally favorable with spontaneous healing 

bserved in most cases [ 20 , 21 ]. 

Furthermore, sex hormones, particularly estrogens and andro- 

ens, play a crucial role in cardiovascular physiology and may help 

xplain the observed sex-based differences in T2MI. 
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Fig. 1. Diagnostic work up of acute myocardial injury . After excluding non-ischemic causes, acute myocardial infarction (AMI) is further classified into Type 1 AMI due to 

atherosclerosis complications and Type 2 AMI due to oxygen demand-supply mismatch. 
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In T2MI, estrogens exert cardioprotective effects by enhanc- 

ng endothelial function, reducing inflammation, and maintain- 

ng vascular tone through nitric oxide–mediated vasodilation [ 12 ]. 

hey also inhibit the expression of adhesion molecules and pro- 

nflammatory cytokines such as TNF- α and IL-6, thereby attenuat- 

ng chronic vascular inflammation and preserving endothelial in- 

egrity. Following menopause, the decline in estrogen levels leads 

o a loss of these protective mechanisms, contributing to an in- 
29
reased susceptibility to coronary microvascular dysfunction and 

asospasm—key triggers of T2MI [ 22 ]. This loss of hormonal pro- 

ection likely underlies the marked rise in T2MI incidence observed 

n postmenopausal women [ 23 ]. 

In men, conversely, low testosterone levels have been linked to 

eightened systemic inflammation and impaired endothelial func- 

ion, potentially influencing the risk and pathophysiological mech- 

nisms of T2MI [ 23 , 24 ]. Supporting this, Rinaldi et al. demon-
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Table 1 

The spectrum of different etiologies underlying Type 2 myocardial infarction. 

Type 2 Myocardial Infarction 

Reduced myocardial perfusion 

Cardiac 

Coronary artery spasm 

Microvascular dysfunction 

Spontaneous coronary artery dissection 

Fixed atherosclerosis 

Severe aortic stenosis 

Sustained bradyarrhythmias 

Non-cardiac 

Severe anemia, methemoglobinemia 

Severe hypotension or shock 

Respiratory failure, ARDS, severe pneumonia, COPD 

exacerbation 

Pulmonary embolism 

Drug-induced (CO) 

Increased myocardial oxygen demand 

Cardiac 

Sustained tachyarrhythmias 

Severe hypertension 

Left ventricular hypertrophy 

Non-cardiac 

Hyperthyroidism 

High fever 

Sepsis 

Pheochromocytoma crisis 

Prolonged seizures/status epilepticus 

Drug-induced (cocaine, amphetamines) 

Abbreviations: ARDS: Acute Respiratory Distress Syndrome; COPD: Chronic obstructive Pulmonary Disease. 
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trated that microvascular spasm is more commonly observed in 

omen, whereas epicardial coronary spasm tends to predominate 

n men—differences that may reflect distinct sex hormone profiles, 

articularly estrogens [ 24 ]. 

Hormonal influences also appear central to the pathophysi- 

logy of SCAD. Elevated estrogen and progesterone levels, es- 

ecially during pregnancy and the peripartum period, may 

eaken the arterial wall by promoting smooth muscle relax- 

tion and extracellular matrix remodeling. This hormonal environ- 

ent increases susceptibility to dissection [ 22 ]. Conversely, hor- 

onal withdrawal—such as that occurring postpartum or dur- 

ng perimenopause—may serve as a precipitating factor for SCAD 

vents [ 20 , 21 ]. 

ex differences in psychological and physical stress 

Stress, both psychological and physical, is widely recognized as 

 potential trigger for oxygen supply-demand imbalance in the 

ontext of myocardial infarction. However, its effects and preva- 

ence vary significantly between sexes [ 25 ]. 

In situations of emotional or physical stress, the adrenal glands 

elease cortisol and adrenaline into the bloodstream in response to 

he hypothalamic-pituitary-adrenal axis activation. In this setting, 

emales typically exhibit greater hormonal release in response to 

tressful events compared to men. Prolonged exposure to elevated 

ortisol and adrenaline levels can raise blood pressure and heart 

ate, as well as promote endothelial dysfunction. These physiologi- 

al changes significantly increase the predisposition to an oxygen 

upply-demand mismatch, thereby increasing the risk of stress- 

nduced myocardial ischemia in women [ 12 , 26 ]. On the other hand,

ental health and stress disorders may also be affected by gen- 

er differences as a consequence of significant disparities in soci- 

ty roles, representing a gender minority, low self-esteem, gender- 

ased violence [ 12 , 27 ]. 

Gender-specific considerations also include differences in pain 

olerance between sexes. Previous research has suggested that sex 

ifferences in pain sensitivity may contribute to variations in MI 

ymptoms between men and women: more precisely, in one study 

nrecognized MI was associated with a higher pain threshold in 

emales but not in males [ 12 ]. Additionally, while pain sensitiv- 

ty differs between males and females, females exhibit an even 

ower sensitivity in inflammatory states [ 28 ]. However, the role 

f pain tolerance in explaining differences in MI presentation be- 

ween men and women has not been properly investigated and re- 

ains an area of debate. 
30
iagnostic work-up of T2MI 

ex-differences in differential diagnosis 

The incidence of T2MI is similar between the two sexes and 

he diagnostic approaches should identify symptoms, the evidence 

f newly emerged ischemic electrocardiographic changes or devel- 

pment of pathological Q waves, and the imaging evidence of new 

oss of viable myocardium according to the fourth definition of MI 

 1 ]. Concomitantly, biomarkers such as high sensitivity-troponin T 

hs-cTnT) must show a rise and/or fall in concentration with at 

east the 99th percentile combined with at least one of the above- 

entioned ischemic pieces of evidence. 

The differential diagnosis for T2MI in women encompasses a 

ariety of conditions that share overlapping symptoms, laboratory 

ndings, or pathophysiological mechanisms. Women often present 

ith non-classical or peculiar symptoms, making the diagnosis 

ore challenging [ 6 , 12 ]. The differential diagnosis must consider 

 wide range of clinical conditions, which imply appropriate ther- 

peutic approaches. Coronary vasospasm and microvascular dys- 

unction (microvascular angina) as well as Takotsubo Syndrome 

hare similar features and are frequently identified in female pa- 

ients: acute chest pain and ST elevation mimicking acute MI, 

egional wall motion abnormalities but no obstructive CAD. Va- 

oreactivity and stress-induced catecholamine surge causing tran- 

ient myocardial stunning [ 12 ]. Moreover, myocarditis should be 

xcluded as chest pain, elevated cardiac biomarkers, ECG changes 

imicking MI could characterize the clinical presentation [ 12 ]. In 

ddition, peripartum cardiomyopathy could mimic MI symptoms, 

ith acute heart failure or chest pain and concomitant elevated 

ardiac biomarkers during late pregnancy or postpartum. In this 

etting, chest pain and reduced ejection fraction at the echocardio- 

raphic exam are similarly present [ 9 , 29 ]. Moreover, during peri- 

artum period, SCAD also has to be excluded, representing a poorly 

nderstood condition with adverse prognosis despite the exponen- 

ial rise in the volume of focused research and publications within 

he past decade [ 20 ]. In the absence of obstructive CAD, other 

edical conditions such as anemia-induced ischemia, thyrotoxi- 

osis, or other endocrine disorders, which are traditionally more 

revalent in women, must be suspected [ 1 ]. 

ex differences in clinical presentation 

Women and men with T2MI share similar presentations and 

haracteristics of CAD. However, women with T2MI are older and 
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re more likely to display evidence of ischemia on ECG in terms of 

T-segment and repolarization abnormalities [ 5 ]. 

Notable differences in ECG findings could be identified during 

he diagnostic work-up: ischemic ST-segment depression occurs 

ore frequently in women, who are less likely to display T wave 

nversion in comparison to men [ 5 ]. Moreover, initial and peak hs- 

TnT values are frequently similar between women and men, de- 

pite lower sex-adjusted percentiles in females [ 17 ]. 

Regarding invasive coronary evaluation, women often experi- 

nce reduced coronary flow reserve (CFR) due to microvascular 

ysfunction, which limits cardiac capabilities to meet increased 

xygen demand during stress (physical or emotional). This con- 

ition is particularly common among women with angina and 

onobstructive CAD [ 5 ]. Intracoronary vasoreactivity testing may 

e adjunctive in evaluating patients with T2MI to identify under- 

ying mechanisms, like coronary vasospasm or microvascular dys- 

unction. However, it is generally reserved for stable patients with 

ecurrent symptoms or diagnostic uncertainty [ 12 , 30 , 31 ]. 

However, imaging techniques such as angiography may not al- 

ays align with functional assessments like fractional flow reserve 

FFR): more precisely, there is often a discrepancy between the 

isual findings from angiography and functional assessments us- 

ng FFR in women. Higher FFR values were observed in female 

atients for any given stenosis compared with men. This implies 

hat women may experience less functional impairment for a given 

natomical narrowing. These findings could be explained by the 

maller BSA, left ventricular mass, vessel size or narrower myocar- 

ial territory. As a consequence, FFR-guided decision making is es- 

ecially important in women to prevent unnecessary procedures 

 32 ]. FFR could also be derived from computed tomography (FFR- 

T), which has the potential to non-invasively identify and quan- 

ify these subtle differences between men and women [ 30 , 31 ]. In

 post-hoc analysis of the DEFINE TYPE 2 MI trial, Lin et al. eval-

ated patients with T2MI with FFR-CT: no differences in terms of 

bstructive and nonobstructive CAD, and total plaque volume ac- 

ording to sex, were found, with women presenting with a lower 

olume of low-attenuation plaque [ 5 ]. 

In the context of suspected myocardial infarction with nonob- 

tructive coronary arteries (MINOCA), cardiac magnetic resonance 

CMR) has emerged as a key test to differentiate between ischemic 

nd nonischemic causes of myocardial injury and identify tissue 

atterns consistent with myocardial infarction, myocarditis, stress 

ardiomyopathy, infiltrative disorders and hot-phases of genetic 

ardiomyopathies ( Fig. 2 ) [ 33 ]. 

These conditions are also known as acute myocardial infarc- 

ion mimickers —acute clinical presentations (mainly chest pain) 

hat resemble myocardial infarction but are not caused by an is- 

hemic mechanism. AMI mimickers may involve alternative forms 

f myocardial injury, most commonly inflammatory or immune- 

ediated [ 12 ]. However, other potentially life-threatening causes 

f chest pain such as pulmonary embolism and aortic dissection 

ust be taken into account as AMI mimickers. 

AMI mimickers include acute myocarditis with ACS-like symp- 

oms and ECG abnormalities, active phases of non-ischemic 

ardiomyopathies (particularly arrhythmogenic cardiomyopathy), 

akotsubo syndrome and rarer inflammatory cardiac conditions 

uch as rheumatic, autoimmune, or immune-mediated diseases 

e.g., cardiac sarcoidosis) [ 12 , 34 ]. Uncommon non-inflammatory 

auses, such as cardiac contusion or malignant cardiac tumors, may 

lso fall into this category [ 35 ]. 

Importantly, early cardiac magnetic resonance (CMR)—ideally 

erformed within 1–2 weeks of symptom onset—significantly im- 

roves diagnostic accuracy. Through advanced tissue characteriza- 

ion using T1 and T2 mapping and late gadolinium enhancement, 

MR allows for the detection of non-ischemic myocardial injury 

 33 ]. By clarifying the underlying etiology, CMR not only enhances 
31
iagnostic precision but also influences clinical management and 

herapeutic decision-making, often reclassifying cases initially pre- 

umed to be ischemic [ 33 ]. Additionally, CMR provides valuable 

rognostic information in these patients. 

As shown by Pizzi and colleagues [ 36 ], the presence and ex- 

ent of LGE and abnormalities in T2 mapping values serve as inde- 

endent predictors of adverse cardiac events over a 3-year follow- 

p, underscoring the prognostic utility of timely CMR imaging in 

INOCA. Its role is therefore pivotal—not only in guiding diagno- 

is but also in influencing treatment and long-term outcomes [ 36 ]. 

his nuanced understanding calls for a personalized approach di- 

gnosing and managing CAD in women, focusing on microvascular 

unction and tailored functional assessments. 

herapy and outcomes of T2MI 

ex differences in therapy 

Despite ongoing progress, the limited understanding of T2MI 

athophysiology and the broad spectrum of causes remain the 

ain challenges to its optimal management [ 6 ]. As a result, the 

ornerstone of treatment in this clinical scenario remains the man- 

gement of the underlying associated conditions and cardiovascu- 

ar risk factors [ 1 ]. 

Although sex differences in T1MI management are well estab- 

ished with women characterized by higher long-term mortality 

 15 , 37 ], the impact of sex on T2MI is less well understood, al-

hough studies addressing this topic are emerging [ 3 , 18 , 31 ]. Sim-

lar to women with T1MI, who are less likely to undergo myocar- 

ial revascularization and optimal medical therapy, female patients 

ith T2MI may be treated less aggressively in comparison to men 

 12 , 14 ]. 

In women, sex influences the therapeutic approach to T2MI, 

ikely due to hormonal differences and a distinct disease pro- 

le. Specifically, women are more frequently affected by condi- 

ions such as spontaneous coronary artery dissection, which is 

ypically managed conservatively, and myocardial infarction with 

on-obstructive coronary arteries, for which robust evidence guid- 

ng therapy—such as dual antiplatelet therapy, statins, or ACE 

nhibitors—is lacking [ 4 , 7 , 20 ]. 

Kimenai et al. did not find a significant difference in terms 

f coronary angiography rates between sexes in T2MI, although 

en presented more frequently with CAD and were therefore more 

ikely to undergo myocardial revascularization and to be prescribed 

edical therapy at discharge. On the contrary, women were twice 

s likely to have normal coronary arteries or non-obstructive CAD 

nd therefore more frequently diagnosed with MINOCA. As a con- 

equence, female patients were more likely to receive lower inten- 

ity treatment at discharge [ 3 ]. 

However, Ariss et al. reported that chronic heart failure (HF) 

as an independent predictor of mortality in women with T2MI 

ut not in men [ 38 ]: these observations were attributed to gender- 

elated disparities in HF management, with women potentially re- 

eiving suboptimal medical therapy [ 9 ]. 

These findings seem to suggest that the decision-making pro- 

ess regarding invasive procedures and pharmacological treatment 

ay be influenced more by disease characteristics than by sex 

lone. In addition, the lower prevalence of comorbidities in women 

ould influence both treatment decisions and outcomes. How- 

ver, differences in treatment could also mirror broader, gender- 

ased inequalities in healthcare provision which could contribute 

o worse outcomes in women with T2MI, as less aggressive treat- 

ent strategies may not fully address their clinical needs (11). 

ore precisely, these differences in management may, at least in 

art, reflect gender-related factors—understood as the social and 

ultural constructs associated with sex—including the persistent 
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Fig. 2. Examples of Type 2 Myocardial infarction . A) A 54-year-old female patient presented with a spontaneous, obstructive coronary artery dissection involving the distal 

left anterior descending artery, resulting in Type 2 myocardial infarction (T2MI). B) Late gadolinium enhancement (LGE) sequences demonstrated a transmural apical scar. 

C) T2-weighted short tau inversion recovery (T2-STIR) imaging revealed diffuse apical myocardial edema. D) No obstructive coronary arteries at coronary angiography in a 

75-year-old female patient admitted for T2MI during new-onset atrial fibrillation with a rapid ventricular response. E) LGE sequences showed no evidence of myocardial 

scarring. F) T2-STIR imaging demonstrated diffuse, mild myocardial edema. 
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nderestimation of cardiovascular risk in women and the under- 

ecognition of rarer causes of myocardial infarction, such as spon- 

aneous coronary artery dissection or coronary vasomotor disor- 

ers, which, while rare overall, occur more frequently in women. 

evertheless, clinical studies directly comparing the management 

nd outcomes of men and women with T2MI are still lacking. 

ex differences in outcomes 

Patients with T2MI do not experience benign short and long- 

erm prognosis, with only one-third of patients surviving at 5 years 

fter the index event [ 6 , 15 ]. Despite a higher all-cause mortality in

2MI, data from European and US cohorts indicate that the abso- 

ute rates of MI and cardiovascular death are comparable between 

1MI and T2MI patients when examining cause-specific mortal- 

ty [ 14 , 37 , 39 ]. These findings were further confirmed in a cohort

f young patients with T2MI: these patients were predominantly 

omen, with a lower prevalence of traditional CV risk factors, but 

hey showed higher long-term all-cause and cardiovascular mortal- 

ty as compared with matched T1MI patients [ 40 ]. 

Overall, T2MI is associated with a worse prognosis compared 

o T1MI, with significantly higher mortality rates (20–30 % vs. 7–

2 %). It is important to note that these percentages can vary de- 

ending on the study cohorts and the specific clinical conditions 

f the patients, reflecting the heterogeneity in severity of the un- 

erlying factors and comorbidities [ 4 ]. This highlights the need to 

nhance risk stratification and secondary prevention measures in 

his multifaceted scenario. 

Emerging evidence is becoming available on sex and gender dif- 

erences in outcomes associated with T2MI. Kimenai et al. analyzed 

 cohort from the SWEDEHEART registry and found that men with 

2MI had a significantly higher incidence of major adverse cardio- 

ascular events (MACE) and greater long-term mortality compared 

o women. This was observed despite men being younger and after 

djusting for baseline risk factors and comorbidities [ 3 ]. 

Additionally, women exhibited lower intra-hospital mortality in 

nother large-scale observational analysis from an American reg- 

stry of patients with T2MI, partly explained by their lower preva- 
32
ence of renal and CV comorbidities. In contrast, a smaller, single- 

enter study involving 359 patients with T2MI did not find any sig- 

ificant differences in terms of outcomes, including all-cause mor- 

ality, between female and male patients, although other CV co- 

orbidities were more prevalent in men [ 41 ]. 

The importance of pre-existing conditions should be empha- 

ized when analyzing sex-based differences in short- and long- 

erm outcomes: as a matter of fact, the observed disparities be- 

ween males and females with T2MI in terms of outcomes may 

e partially explained by the higher prevalence of CV risk factors 

nd comorbidities in men. Nevertheless, other contributors might 

ave a role, as in the SWEDEHEART study sex-based outcome dif- 

erences persisted after adjustment for known risk factors [ 3 , 10 ]. 

The difficulty in comparing prognosis and therapeutic manage- 

ent of T2MI highlights the complexity and heterogeneity of this 

ondition. The diverse etiologies and pathophysiological mecha- 

isms of T2MI suggest that patient characteristics, including sex 

nd gender, play a significant role in determining outcomes. The 

bserved sex differences in outcomes and management in T2MI 

nderscore the need for further research into sex-specific factors 

hat influence prognosis and treatment in order to address a tai- 

ored management and improve outcomes ( Fig. 3 ). 

nowledge gaps and future directions 

T2MI poses unique diagnostic and therapeutic challenges, par- 

icularly in women. Women’s cardiovascular health has long been 

nderstudied, and T2MI in women often overlaps with other con- 

itions like microvascular dysfunction, stress-induced cardiomy- 

pathy, and non-cardiac triggers [ 5 ]. 

Establishing sex-specific biomarkers and imaging strategies to 

ifferentiate T2MI from other conditions could ameliorate out- 

omes. Moreover, expanding participation of women in observa- 

ional studies and randomized controlled trials focused on T2MI 

s crucial. 

These challenges highlight significant knowledge gaps and po- 

ential opportunities for artificial intelligence (AI) to play a trans- 

ormative role. 
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Fig. 3. Specific sex and gender background contributing to different clinical spectrum, management and outcomes of Type 2 Myocardial infarction in women. 

c

c

a

d

l

n

m

t

t

m

d

a

a

i

r

d

m

c

a

c

c

t

a

s

d

e

n

C

s

a

r

o

w

i

t

t

D

w

G

F

D

C

o

–

F

n

–

i

W

e

v

W

W

r

i

A

t

c

v

D

A

AI offers promising tools to address sex- and gender-specific 

hallenges in the diagnosis and management of T2MI. AI can pro- 

ess vast amounts of clinical data—including ECGs, cardiac imaging, 

nd biomarker profiles—to identify under-recognized sex-specific 

isease phenotypes [ 42 ]. For instance, women with T2MI are more 

ikely to present with coronary microvascular spasm or sponta- 

eous coronary artery dissection, both of which are frequently 

issed by standard diagnostic approaches. AI algorithms can be 

rained to detect these subtle, sex-related variations in presen- 

ation by recognizing patterns that may otherwise be underesti- 

ated [ 42 ]. 

An emerging example is the development of the "sex- 

iscordance score" based on ECG findings, which help to reveal 

typical or non-classic presentations more common in women 

nd improve risk stratification [ 43 ]. In SCAD, AI-enhanced imag- 

ng interpretation may assist in differentiating true luminal nar- 

owing from intramural hematoma and identifying features pre- 

ictive of spontaneous healing versus recurrence. Additionally, AI 

odels incorporating sex, hormonal status, comorbidities, and psy- 

hosocial factors can support more personalized decision-making 

nd improve prognostic predictions. Moreover, AI could support 

linical decision-making by highlighting drug-drug interactions and 

omorbidity considerations more common in women. Ultimately, 

hese technologies could reduce diagnostic bias, optimize ther- 

py, and contribute to more equitable cardiovascular care across 

exes [ 42 ]. Nevertheless, AI models trained on predominantly male 

atasets may not perform well in identifying sex-specific differ- 

nces: new sex-based data need to be collected to bridge this sig- 

ificant gap. 

onclusions 

T2MI represents a multifaceted condition with a poorer progno- 

is in comparison to atherothrombotic myocardial infarction. Sex 

nd gender differences have been described for T2MI, but they 

emain to be appropriately investigated. An improved knowledge 

f biological and gender differences between men and women 

ith T2MI, particularly regarding clinical and CAD characteristics, 

s therefore pivotal to an optimal treatment and to future research 

argeting potential evidence-based solutions to close definitively 

his gender gap. 
33
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