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Abstract 

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, distinguishing 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, emphasizing 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. 
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ABBREVIATIONS 

CAD: Coronary Artery Disease 

CCTA: Coronary Computed Tomography Angiography 

CMR: Cardiac Magnetic Resonance 

SCAD: Spontaneous Coronary Artery Dissection 

T1MI: Type 1 Myocardial Infarction 

T2MI: Type 2 Myocardial Infarction 

 

 

  

                  



INTRODUCTION 

According to the Fourth Universal Definition of Myocardial Infarction (MI), type 2 MI (T2MI) 

represents a clinical condition identified by ischemia and a concomitant acute myocardial injury 

determined by a mismatch in myocardial blood demand and supply, in the absence of 

atherothrombosis or plaque disruption[1], [2]. 

Over the last years, only small observational, single-center studies have explored this condition and 

expanded the knowledge regarding patients with T2MI[3], [4]. In comparison to type 1 MI, T2MI is 

more common despite being significantly underrecognized, is associated with relevant morbidity 

and mortality and apparently affects predominantly older patients who are more likely to be female 

and affected by other cardiovascular (CV) conditions (diabetes, heart failure and atrial 

fibrillation)[5]. 

Supportive treatment targeting the triggering conditions underlying the oxygen supply-demand 

mismatch and concomitant management of CV risk factors represent the cornerstone approach to 

patients affected by T2MI[5], [6].  

Sex- and gender-related differences have been described across a wide spectrum of cardiovascular 

conditions, both in the setting of ischemic and non-ischemic heart disease[7], [8], [9]. Although sex 

differences in clinical features and outcomes for  T1MI patients are well established, little is known 

regarding the role of sex and gender in T2MI[10], [11], [12]. However, women seem to be affected 

more frequently by T2MI and present with a better long-term prognosis than men with this 

condition, although findings are inconsistent[4].  

In this comprehensive review, we sought to describe the existing knowledge regarding sex and 

gender-based differences in clinical characteristics, pathophysiology and outcomes of T2MI 

between female and male patients, and to promote a more sex- and gender-sensitive approach to this 

clinical condition. 

  

                  



DEFINITION AND EPIDEMIOLOGY 

T2MI is a clinical syndrome characterized by a myocardial injury due to a discrepancy in 

myocardial blood demand and supply without evidence of plaque disruption or atherothrombosis. 

After the introduction of MI subtypes in the 2007 update of the universal definition of MI, T2MI 

was increasingly recognized as an underrated condition despite being more common and associated 

with higher 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 non-obstructive CAD, highlighting the multifaceted 

background of ischemia for this population[13]. 

According to the existing data from the literature, patients with T2MI are older, more likely female, 

and have a higher prevalence of CV comorbidities, such as heart failure and atrial fibrillation, as 

compared to individuals with T1MI[6].  

The incidence of T2MI differs significantly according to clinical setting, definition, and diagnostic 

approach: it varies from 12.3%, as attested in a Scottish emergency department cohort, to 2-37% 

when considering patients admitted to hospital [14], [15]. In comparison to T1MI, T2MI shows 

similar incidence in patients older than 75 years [15]; however, it should be taken into account that 

cardiac troponins are generally assessed in case of high pre-test probability of ischemia or 

myocardial injury: as a consequence, the real incidence of T2MI may be underestimated, as 

observed in several prospective cohort studies[16], [17].  

Regarding the wide spectrum of comorbidities presented by these patients, acute respiratory failure 

represents the MI trigger associated with the highest risk mortality in comparison to other 

conditions, while kidney failure is the most prevalent comorbidity among both sexes, with higher 

mortality in female patients[18].
 

                  



Given the complexity and challenges associated with T2MI, there is a growing need and demand for 

more in-depth studies that should focus on the specific pathophysiological mechanisms and sex 

differences relevant to diagnosis, risk stratification, and short-and long-term management in order 

to improve outcomes. 

PATHOGENESIS OF TYPE 2 MYOCARDIAL INFARCTION 

As mentioned above, the mismatch between oxygen supply and demand identifies the 

pathophysiological mechanism of T2MI, while T1MI is caused by the rupture of an atherosclerotic 

plaque, both in obstructive and non-obstructive CAD (Figure 1) [1], [3].  

A wide range of clinical conditions contributes to this imbalance (Table 1). These factors, whether 

cardiac or systemic, can reduce myocardial perfusion, increase myocardial oxygen demand, or 

involve overlapping mechanisms. Main contributors to the development of T2MI include sepsis, 

anemia, arrhythmias (both bradyarrhythmias and tachyarrhythmias), and hemodynamic disturbances 

(hypertension or hypotension). It should be outlined that these factors can individually induce this 

mismatch or act synergistically to cause myocardial ischemia[6].  Regarding the causes of T2MI, 

sepsis represents one of the primary triggers: systemic vasodilation and endothelial dysfunction 

result from the inflammatory response to infection in septic patients, leading to pro-inflammatory 

cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and interleukin-1 (IL-

1). These molecules disrupt vascular tone regulation and endothelial function with a subsequent 

reduction of nitric oxide, which is essential for maintaining vascular homeostasis[6]. 

Anemia represents another important cause of T2MI by reducing myocardial oxygen delivery due 

to the impairment of blood oxygen-carrying capacity.  Conversely, arrhythmias, both tachy- and 

bradyarrhythmias, might impair coronary perfusion and may induce ischemic episodes by 

increasing oxygen demand (predominantly tachyarrhythmias). It should be noted that arrhythmias, 

especially atrial fibrillation,  can be triggered by systemic conditions such as sepsis or anemia and 

                  



worsen the supply-demand mismatch with subsequent myocardial ischemia[6]. 

 

The role of sex in the pathogenesis of T2MI  

Sex differences play a crucial role in the development and clinical presentation of T2MI. 

Although variability exists across studies, women exhibit a significantly higher incidence of T2MI 

compared to men.  This disparity is likely due to anatomical, hormonal, and functional 

differences[4].  

From an anatomical standpoint, women present with smaller coronary arteries compared to men 

even when adjusted for body surface area (BSA). This anatomical characteristic makes female 

patients more susceptible to ischemic episodes under systemic stress, as smaller coronary arteries 

reduce flow reserve and increase the risk of endothelial dysfunction. This results in a diminished 

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

In addition, coronary arteries in women, due to the abovementioned characteristics, are more prone 

to spontaneous coronary artery dissection (SCAD). SCAD is a well-recognized cause of T2MI: It is 

characterized by a separation of the layers within the coronary arterial wall, usually due to an 

intramural hematoma, which may occur with or without an associated intimal tear. The expansion of 

the false lumen can compress the true lumen leading to reduced coronary blood flow and resulting 

in myocardial ischemia[20]. Unlike atherosclerotic coronary artery disease, SCAD is not related to 

plaque rupture. Instead, it is associated with predisposing conditions that compromise the structural 

integrity of the arterial wall, such as connective tissue disorders (e.g., Marfan or Ehlers-Danlos 

syndromes), chronic inflammatory diseases (e.g., systemic lupus erythematosus), or acute emotional 

and physical stressors that may act as triggers[21]. Although SCAD can occur in individuals of any 

age or sex, it predominantly affects women—accounting for approximately 90% of cases—most 

commonly during the perimenopausal period. Importantly, SCAD is the leading cause of 

                  



myocardial infarction during pregnancy and the postpartum period. Its clinical course is generally 

favorable with spontaneous healing observed in most cases[20], [21].  

Furthermore, sex hormones, particularly estrogens and androgens, play a crucial role in 

cardiovascular physiology and may help explain the observed sex-based differences in T2MI. 

In T2MI, estrogens exert cardioprotective effects by enhancing endothelial function, reducing 

inflammation, and maintaining vascular tone through nitric oxide–mediated vasodilation[12]. They 

also inhibit the expression of adhesion molecules and pro-inflammatory cytokines such as TNF-α 

and IL-6, thereby attenuating chronic vascular inflammation and preserving endothelial integrity. 

Following menopause, the decline in estrogen levels leads to a loss of these protective mechanisms, 

contributing to an increased susceptibility to coronary microvascular dysfunction and vasospasm—

key triggers of T2MI[22]. This loss of hormonal protection likely underlies the marked rise in T2MI 

incidence observed in postmenopausal women[23]. 

In men, conversely, low testosterone levels have been linked to heightened systemic inflammation 

and impaired endothelial function, potentially influencing the risk and pathophysiological 

mechanisms of T2MI[23], [24]. Supporting this, Rinaldi et al. demonstrated that microvascular 

spasm is more commonly observed in women, whereas epicardial coronary spasm tends to 

predominate in men—differences that may reflect distinct sex hormone profiles, particularly 

estrogen[24]. 

Hormonal influences also appear central to the pathophysiology of SCAD. Elevated estrogen and 

progesterone levels, especially during pregnancy and the peripartum period, may weaken the 

arterial wall by promoting smooth muscle relaxation and extracellular matrix remodeling. This 

hormonal environment increases susceptibility to dissection[22]. Conversely, hormonal 

withdrawal—such as that occurring postpartum or during perimenopause—may serve as a 

precipitating factor for SCAD events [20], [21]. 

                  



Sex Differences in Psychological and Physical Stress 

Stress, both psychological and physical, is widely recognized as a potential trigger for oxygen 

supply-demand imbalance in the context of myocardial infarction. However, its effects and 

prevalence vary significantly between sexes[25].  

In situations of emotional or physical stress, the adrenal glands release cortisol and adrenaline into 

the bloodstream in response to the hypothalamic-pituitary-adrenal axis activation. In this setting, 

females typically exhibit greater hormonal release in response to stressful events compared to men. 

Prolonged exposure to elevated cortisol and adrenaline levels can raise blood pressure and heart 

rate, as well as promote endothelial dysfunction. These physiological changes significantly increase 

the predisposition to an oxygen supply-demand mismatch, thereby increasing the risk of stress-

induced myocardial ischemia in women[12], [26]. On the other hand, mental health and stress 

disorders may also be affected by gender differences as a consequence of significant disparities in 

society roles, representing a gender minority, low self-esteem, gender-based violence[12], [27]. 

Gender-specific considerations also include differences in pain tolerance between sexes. Previous 

research has suggested that sex differences in pain sensitivity may contribute to variations in MI 

symptoms between men and women: more precisely, in one study unrecognized MI was associated 

with a higher pain threshold in females but not in males [12]. Additionally, while pain sensitivity 

differs between males and females, females exhibit an even lower sensitivity in inflammatory states 

[28]. However, the role of pain tolerance in explaining differences in MI presentation between men 

and women has not been properly investigated and remains an area of debate. 

 

DIAGNOSTIC WORK-UP OF T2MI  

Sex-differences in differential diagnosis 

The incidence of T2MI is similar between the two sexes and the diagnostic approaches should 

identify symptoms, the evidence of newly emerged ischemic electrocardiographic changes or 

                  



development of pathological Q waves, and the imaging evidence of new loss 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 least the 99th percentile 

combined with at least one of the abovementioned ischemic pieces of evidence. 

The differential diagnosis for T2MI in women encompasses a variety of conditions that share 

overlapping symptoms, laboratory findings, or pathophysiological mechanisms. Women often 

present with non-classical or peculiar symptoms, making the diagnosis more challenging[6], [12]. 

The differential diagnosis must consider a wide range of clinical conditions, which imply 

appropriate therapeutic approaches. Coronary vasospasm and microvascular dysfunction 

(microvascular angina) as well as Takotsubo Syndrome share similar features and are frequently 

identified in female patients: acute chest pain and ST elevation mimicking acute MI, regional wall 

motion abnormalities but no obstructive CAD. Vasoreactivity and stress-induced catecholamine 

surge causing transient myocardial stunning[12]. Moreover, myocarditis should be excluded as 

chest pain, elevated cardiac biomarkers, ECG changes mimicking MI could characterize the clinical 

presentation[12]. In addition, peripartum cardiomyopathy could mimic MI symptoms, with acute 

heart failure or chest pain and concomitant elevated cardiac biomarkers during late pregnancy or 

postpartum. In this setting, chest pain and reduced ejection fraction at the echocardiographic exam 

are similarly present[9], [29]. Moreover, during peripartum period, SCAD also has to be excluded, 

representing a poorly understood condition with adverse prognosis despite the exponential rise in 

the volume of focused research and publications within the past decade[20]. In the absence of 

obstructive CAD, other medical conditions such as anemia-induced ischemia, thyrotoxicosis, or 

other endocrine disorders, which are traditionally more prevalent in women, must be suspected[1].  

Sex differences in Clinical presentation 

                  



Women and men with T2MI share similar presentations and characteristics of CAD. However, 

women with T2MI are older and are more likely to display evidence of ischemia on ECG in terms 

of ST-segment and repolarization abnormalities [5]. 

Notable differences in ECG findings could be identified during the diagnostic work-up: ischemic 

ST-segment depression occurs more frequently in women, who are less likely to display  T wave 

inversion in comparison to men[5]. Moreover, initial and peak hs-cTnT values are frequently 

similar between women and men, despite lower sex-adjusted percentiles in females[17]. 

Regarding invasive coronary evaluation, women often experience reduced coronary flow reserve 

(CFR) due to microvascular dysfunction, which limits cardiac capabilities to meet increased oxygen 

demand during stress (physical or emotional). This condition is particularly common among women 

with angina and nonobstructive CAD [5]. Intracoronary vasoreactivity testing may be adjunctive in 

evaluating patients with T2MI to identify underlying mechanisms, like coronary vasospasm or 

microvascular dysfunction. However, it is generally reserved for stable patients with recurrent 

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

However, imaging techniques such as angiography may not always align with functional 

assessments like fractional flow reserve (FFR): more precisely, there is often a discrepancy between 

the visual findings from angiography and functional assessments using FFR in women. Higher FFR 

values were observed in female patients for any given stenosis compared with men. This implies 

that women may experience less functional impairment for a given anatomical narrowing.  These 

findings could be explained by the smaller BSA, left ventricular mass, vessel size or narrower 

myocardial territory. As a consequence, FFR-guided decision making is especially important in 

women to prevent unnecessary procedures[32]. FFR could also be derived from computed 

tomography (FFR-CT), which has the potential to non-invasively identify and quantify these subtle 

differences between men and women[30], [31]. In a post-hoc analysis of the DEFINE TYPE 2 MI 

trial, Lin et al. evaluated patients with T2MI with FFR-CT: no differences in terms of obstructive 

                  



and nonobstructive CAD, and total plaque volume according to sex, were found, with women 

presenting with a lower volume of low-attenuation plaque[5]. 

In the context of suspected myocardial infarction with nonobstructive coronary arteries (MINOCA), 

cardiac magnetic resonance (CMR) has emerged as a key test to differentiate between ischemic and 

nonischemic causes of myocardial injury and identify tissue patterns consistent with myocardial 

infarction, myocarditis, stress cardiomyopathy, infiltrative disorders and hot-phases of genetic 

cardiomyopathies (Figure 2) [33].  

These conditions are also known as acute myocardial infarction mimickers—acute clinical 

presentations (mainly chest pain) that resemble myocardial infarction but are not caused by an 

ischemic mechanism. AMI mimickers may involve alternative forms of myocardial injury, most 

commonly inflammatory or immune-mediated[12]. However, other potentially life-threatening 

causes of chest pain such as pulmonary embolism and aortic dissection must be taken into account 

as AMI mimickers. 

AMI mimickers include acute myocarditis with ACS-like symptoms and ECG abnormalities, active 

phases of non-ischemic cardiomyopathies (particularly arrhythmogenic cardiomyopathy), 

Takotsubo syndrome and rarer inflammatory cardiac conditions such as rheumatic, autoimmune, or 

immune-mediated diseases (e.g., cardiac sarcoidosis)[12], [34]. Uncommon non-inflammatory 

causes, such as cardiac contusion or malignant cardiac tumors, may also fall into this category[35]. 

Importantly, early cardiac magnetic resonance (CMR)—ideally performed within 1–2 weeks of 

symptom onset—significantly improves diagnostic accuracy. Through advanced tissue 

characterization using T1 and T2 mapping and late gadolinium enhancement, CMR allows for the 

detection of non-ischemic myocardial injury[33]. By clarifying the underlying etiology, CMR not 

only enhances diagnostic precision but also influences clinical management and therapeutic 

decision-making, often reclassifying cases initially presumed to be ischemic[33]. Additionally, 

CMR provides valuable prognostic information in these patients. 

                  



As shown by Pizzi and colleagues[36], the presence and extent of LGE and abnormalities in T2 

mapping values serve as independent predictors of adverse cardiac events over a 3-year follow-up, 

underscoring the prognostic utility of timely CMR imaging in MINOCA. Its role is therefore 

pivotal—not only in guiding diagnosis but also in influencing treatment and long-term 

outcomes[36]. This nuanced understanding calls for a personalized approach diagnosing and 

managing CAD in women, focusing on microvascular function and tailored functional assessments. 

 

THERAPY AND OUTCOMES OF T2MI 

Sex differences in Therapy 

Despite ongoing progress, the limited understanding of T2MI pathophysiology and the broad 

spectrum of causes remain the main challenges to its optimal management [6]. As a result, the 

cornerstone of treatment in this clinical scenario remains the management of the underlying 

associated conditions and cardiovascular risk factors[1]. 

Although sex differences in T1MI management are well established with women characterized by 

higher long-term mortality[15], [37] , the impact of sex on T2MI is less well understood, although 

studies addressing this topic are emerging[3], [18], [31]. Similar to women with T1MI, who are less 

likely to undergo myocardial revascularization and optimal medical therapy, female patients with 

T2MI may be treated less aggressively in comparison to men[12], [14].  

In women, sex influences the therapeutic approach to T2MI, likely due to hormonal differences and 

a distinct disease profile. Specifically, women are more frequently affected by conditions such as 

spontaneous coronary artery dissection, which is typically managed conservatively, and myocardial 

infarction with non-obstructive coronary arteries, for which robust evidence guiding therapy—such 

as dual antiplatelet therapy, statins, or ACE inhibitors—is lacking[4], [7], [20]. 

                  



Kimenai et al. did not find a significant difference in terms of coronary angiography rates between 

sexes in T2MI, although men presented more frequently with CAD and were therefore more likely 

to undergo myocardial revascularization and to be prescribed medical therapy at discharge. On the 

contrary, women were twice as likely to have normal coronary arteries or non-obstructive CAD and 

therefore more frequently diagnosed with MINOCA. As a consequence, female patients were more 

likely to receive lower intensity treatment at discharge [3]. 

However, Ariss et al. reported that chronic heart failure (HF) was an independent predictor of 

mortality in women with T2MI but not in men[38]: these observations were attributed to gender-

related disparities in HF management, with women potentially receiving suboptimal medical 

therapy [9]. 

These findings seem to suggest that the decision-making process regarding invasive procedures and 

pharmacological treatment may be influenced more by disease characteristics than by sex alone. In 

addition, the lower prevalence of comorbidities in women could influence both treatment decisions 

and outcomes. However, differences in treatment could also mirror broader, gender-based 

inequalities in healthcare provision which could contribute to worse outcomes in women with 

T2MI, as less aggressive treatment strategies may not fully address their clinical needs (11). More 

precisely, these differences in management may, at least in part, reflect gender-related factors—

understood as the social and cultural constructs associated with sex—including the persistent 

underestimation of cardiovascular risk in women and the under-recognition of rarer causes of 

myocardial infarction, such as spontaneous coronary artery dissection (SCAD) or coronary 

vasomotor disorders, which, while rare overall, occur more frequently in women. Nevertheless, 

clinical studies directly comparing the management and outcomes of men and women with T2MI 

are still lacking. 

Sex differences in Outcomes 

                  



Patients with T2MI do not experience benign short and long-term prognosis, with only one-third of 

patients surviving at 5 years after the index event[6], [15]. Despite a higher all-cause mortality in 

T2MI,  data from European and US cohorts indicate that the absolute rates of MI and cardiovascular 

death are comparable between T1MI and T2MI patients  when examining cause-specific mortality 

[14], [37], [39]. These findings were further confirmed in a cohort of young patients with T2MI: 

these patients were predominantly women, with a lower prevalence of traditional CV risk factors, 

but they showed higher long-term all-cause and cardiovascular mortality as compared with matched 

T1MI patients [40].  

Overall, T2MI is associated with a worse prognosis compared to T1MI, with significantly higher 

mortality rates (20-30% vs. 7-12%). It is important to note that these percentages can vary 

depending on the study cohorts and the specific clinical conditions of the patients, reflecting the 

heterogeneity in severity of the underlying factors and comorbidities[4]. This highlights the need to 

enhance risk stratification and secondary prevention measures in this multifaceted scenario. 

Emerging evidence is becoming available on sex and gender differences in outcomes associated 

with T2MI.  Kimenai et al. analyzed a cohort from the SWEDEHEART registry and found that men 

with T2MI had a significantly higher incidence of major adverse cardiovascular events (MACE) 

and greater long-term mortality compared to women. This was observed despite men being younger 

and after adjusting for baseline risk factors and comorbidities[3]. 

Additionally, women exhibited lower intra-hospital mortality in another large-scale observational 

analysis from an American registry of patients with T2MI, partly explained by their lower 

prevalence of renal and CV comorbidities. In contrast, a smaller, single-center study involving 359 

patients with T2MI did not find any significant differences in terms of outcomes, including all-

cause mortality, between female and male patients, although other CV comorbidities were more 

prevalent in men[41]. 

                  



The importance of pre-existing conditions should be emphasized when analyzing sex-based 

differences in short- and long-term outcomes: as a matter of fact, the observed disparities between 

males and females with T2MI in terms of outcomes may be partially explained by the higher 

prevalence of CV risk factors and comorbidities in men. Nevertheless, other contributors might 

have a role, as in the SWEDEHEART study sex-based outcome differences persisted after 

adjustment for known risk factors [3], [10].  

The difficulty in comparing prognosis and therapeutic management of T2MI highlights the 

complexity and heterogeneity of this condition. The diverse etiologies and pathophysiological 

mechanisms of T2MI suggest that patient characteristics, including sex and gender, play a 

significant role in determining outcomes. The observed sex differences in outcomes and 

management in T2MI underscore the need for further research into sex-specific factors that 

influence prognosis and treatment in order to address a tailored management and improve outcomes 

(Figure 3). 

Knowledge gaps and future directions  

T2MI poses unique diagnostic and therapeutic challenges, particularly in women. Women's CV 

health has long been understudied, and T2MI in women often overlaps with other conditions like 

microvascular dysfunction, stress-induced cardiomyopathy, and non-cardiac triggers[5].  

Establishing sex-specific biomarkers and imaging strategies to differentiate T2MI from other 

conditions could ameliorate outcomes. Moreover, expanding participation of women in 

observational studies and randomized controlled trials focused on T2MI is crucial. 

These challenges highlight significant knowledge gaps and potential opportunities for artificial 

intelligence (AI) to play a transformative role.  

AI offers promising tools to address sex- and gender-specific challenges in the diagnosis and 

management of T2MI. AI can process vast amounts of clinical data—including ECGs, cardiac 

imaging, and biomarker profiles—to identify under-recognized sex-specific disease phenotypes[42]. 

                  



For instance, women with T2MI are more likely to present with coronary microvascular spasm or 

spontaneous coronary artery dissection, both of which are frequently missed by standard diagnostic 

approaches. AI algorithms can be trained to detect these subtle, sex-related variations in 

presentation by recognizing patterns that may otherwise be underestimated[42]. 

An emerging example is the development of the "sex-discordance score" based on ECG findings, 

which help to reveal atypical or non-classic presentations more common in women and improve 

risk stratification[43]. In SCAD, AI-enhanced imaging interpretation may assist in differentiating 

true luminal narrowing from intramural hematoma and identifying features predictive of 

spontaneous healing versus recurrence. Additionally, AI models incorporating sex, hormonal status, 

comorbidities, and psychosocial factors can support more personalized decision-making and 

improve prognostic predictions. Moreover, AI could support clinical decision-making by 

highlighting drug-drug interactions and comorbidity considerations more common in women. 

Ultimately, these technologies could reduce diagnostic bias, optimize therapy, and contribute to 

more equitable cardiovascular care across sexes.[42] Nevertheless, AI models trained on 

predominantly male datasets may not perform well in identifying sex-specific differences: new sex-

based data need to be collected to bridge this significant gap. 

 

Conclusions 

T2MI represents a multifaceted condition with a poorer prognosis in comparison to 

atherothrombotic myocardial infarction. Sex and gender differences have been described for T2MI, 

but they remain to be appropriately investigated. An improved knowledge of biological and gender 

differences between men and women with T2MI, particularly regarding clinical and CAD 

characteristics, is therefore pivotal to an optimal treatment and to future research targeting potential 

evidence-based solutions to close definitively this gender gap. 

                  



Declaration of Generative AI and AI-assisted technologies in the writing process 

During the preparation of this work the authors did not use Generative AI and AI-assisted 

technologies in the writing process. 

CRediT authorship contribution statement 

Francesco Angeli: Writing – review & editing, Writing – original draft, Conceptualization. 

Valentina Bucciarelli:  Writing – review & editing, Writing – original draft, Conceptualization. 

Federica Moscucci: Writing – review & editing, Writing – original draft. Susanna Sciomer: 

Writing – review & editing, Writing – original draft. Fabrizio Ricci: Writing – review & editing, 

Writing – original draft. Francesca Coppi: Writing – review & editing, Writing – original draft. 

Luca Bergamaschi: Writing – review & editing, Writing – original draft. Matteo Armillotta: 

Writing – review & editing, Writing – original draft. Marcello Casuso Alvarez: Writing – review & 

editing, Writing – original draft. Giula Renda: Writing – review & editing, Writing – original draft. 

Pasquale Perrone Filardi: Writing – review & editing. Stefania Paolillo: Writing – review & 

editing. Savina Nodari: Writing – review & editing. Anna Vittoria Mattioli: Writing – original 

draft. Conceptualization. Carmine Pizzi: Writing – review & editing, Supervision, 

Conceptualization. Sabina Gallina: Writing – review & editing, Supervision, Conceptualization. 

 

Data availability 

No data were used for the research described in the article. 

 

  

                  



REFERENCES 

1.  Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA et al. Fourth universal 

definition of myocardial infarction (2018). Eur Heart J 2019;40:237–269.  

2.  Boeddinghaus J, Bularga A, Taggart C, Wereski R, McDermott M, Thurston AJF et al. 

Implications of a new clinical classification of acute myocardial infarction. Eur Heart J Acute 

Cardiovasc Care 2025;14:131–141.  

3.  Kimenai DM, Lindahl B, Chapman AR, Baron T, Gard A, Wereski R et al. Sex differences in 

investigations and outcomes among patients with type 2 myocardial infarction. Heart. 2021 

Sep;107(18):1480-1486. 

4.  Coscia T, Nestelberger T, Boeddinghaus J, Lopez-Ayala P, Koechlin L, Miró Ò et al. 

Characteristics and Outcomes of Type 2 Myocardial Infarction. JAMA Cardiol 2022;7:427–

434.  

5.  Lin C, McCarthy CP, Mohebi R, Liu Y, Blankstein R, Murphy SP, et al. Sex Differences in 

Coronary Artery Disease Characteristics Among Patients With Type 2 Myocardial Infarction. 

JACC Adv 2024;3:100795.  

6.  Chapman AR, Taggart C, Boeddinghaus J, Mills NL, Fox KAA. Type 2 myocardial infarction: 

challenges in diagnosis and treatment. Eur Heart J 2025;46:504–517.  

7.  Canton L, Fedele D, Bergamaschi L, Foà A, Di Iuorio O, Tattilo FP et al. Sex and age-related 

differences in outcomes of patients with acute myocardial infarction: MINOCA versus 

MIOCA. Eur Heart J Acute Cardiovasc Care 2023;12(9):604-614.  

8.  Angeli F, Bergamaschi L, Rinaldi A, Paolisso P, Armillotta M, Stefanizzi A et al. Sex-Related 

Disparities in Cardiac Masses: Clinical Features and Outcomes. J Clin Med 2023;12:2958.  

9.  Arata A, Ricci F, Khanji MY, Mantini C, Angeli F, Aquilani R et al. Sex Differences in Heart 

Failure: What Do We Know? J Cardiovasc Dev Dis 2023;10:277.  

10.  Alabas OA, Gale CP, Hall M, Rutherford MJ, Szummer K, Lawesson SS et al. Sex Differences 

in Treatments, Relative Survival, and Excess Mortality Following Acute Myocardial 

                  



Infarction: National Cohort Study Using the SWEDEHEART Registry. J Am Heart Assoc 

2017;6:e007123.  

11.  Millett ERC, Peters SAE, Woodward M. Sex differences in risk factors for myocardial 

infarction: cohort study of UK Biobank participants. BMJ 2018;363:k4247.  

12.  Angeli F, Ricci F, Moscucci F, Sciomer S, Bucciarelli V, Bianco F et al. Sex- and gender-

related disparities in chest pain syndromes: the feminine mystique of chest pain. Curr Probl 

Cardiol 2024;49:102457.  

13.  McCarthy CP, Murphy SP, Amponsah DK, Rambarat PK, Lin C, Liu Y et al. Coronary 

Computed Tomographic Angiography With Fractional Flow Reserve in Patients With Type 2 

Myocardial Infarction. J Am Coll Cardiol 2023;82:1676–1687.  

14.  Chapman AR, Adamson PD, Shah ASV, Anand A, Strachan FE, Ferry AV et al. High-

Sensitivity Cardiac Troponin and the Universal Definition of Myocardial Infarction. 

Circulation 2020;141:161–171.  

15.  Raphael CE, Roger VL, Sandoval Y, Singh M, Bell M, Lerman A et al. Incidence, Trends and 

Outcomes of Type 2 Myocardial Infarction in a Community Cohort. Circulation 

2020;141:454–463.  

16.  Shah ASV, Sandoval Y, Noaman A, Sexter A, Vaswani A, Smith SW et al. Patient selection for 

high sensitivity cardiac troponin testing and diagnosis of myocardial infarction: prospective 

cohort study. BMJ 2017;359:j4788.  

17.  Romiti GF, Cangemi R, Toriello F, Ruscio E, Sciomer S, Moscucci F et al. Sex-Specific Cut-

Offs for High-Sensitivity Cardiac Troponin: Is Less More? Cardiovasc Ther 

2019;2019:9546931.  

18.  Mohamed MO, Contractor T, Abramov D, Parwani P, Michos ED, Fischman D et al. Sex-

Based Differences in Prevalence and Outcomes of Common Acute Conditions Associated With 

Type 2 Myocardial Infarction. Am J Cardiol 2021;147:8–15.  

19.  Taqueti VR. Sex Differences in the Coronary System. Adv Exp Med Biol 2018;1065:257–278.  

                  



20.  Lebrun S, Bond RM. Spontaneous coronary artery dissection (SCAD): The underdiagnosed 

cardiac condition that plagues women. Trends Cardiovasc Med 2018;28:340–345.  

21.  Hayes SN, Tweet MS, Adlam D, Kim ESH, Gulati R, Price JE et al. Spontaneous Coronary 

Artery Dissection: JACC State-of-the-Art Review. J Am Coll Cardiol 2020;76:961–984.  

22.  Harris K, Peters SAE, Woodward M. Sex hormones and the risk of myocardial infarction in 

women and men: a prospective cohort study in the UK Biobank. Biol Sex Differ 2023;14:61.  

23.  Mehta LS, Beckie TM, DeVon HA, Grines CL, Krumholz HM, Johnson MN et al. Acute 

Myocardial Infarction in Women: A Scientific Statement From the American Heart 

Association. Circulation 2016;133:916–947.  

24.  Rinaldi R, Russo M, Occhipinti G, Laudani C, Torre I, Colucci M et al. Sex-Related 

Differences in the Prognostic Role of Acetylcholine Provocation Testing. J Am Heart Assoc 

2025;14:e037942.  

25.  Mehta PK, Sharma A, Bremner JD, Vaccarino V. Mental Stress-Induced Myocardial Ischemia. 

Curr Cardiol Rep 2022;24:2109–2120.  

26.  Mohd Azmi NAS, Juliana N, Azmani S, Mohd Effendy N, Abu IF, Mohd Fahmi Teng NI et al. 

Cortisol on Circadian Rhythm and Its Effect on Cardiovascular System. Int J Environ Res 

Public Health 2021;18:676.  

27.  Bucciarelli V, Nasi M, Bianco F, Seferovic J, Ivkovic V, Gallina S et al. Depression pandemic 

and cardiovascular risk in the COVID-19 era and long COVID syndrome: Gender makes a 

difference. Trends Cardiovasc Med 2022;32:12–17.  

28.  Boyle CC, Cole SW, Eisenberger NI, Olmstead R, Breen EC, Irwin MR. Sex differences in the 

transcriptional response to acute inflammatory challenge: A randomized controlled trial of 

endotoxin. Brain Behav Immun - Health 2024;40:100840.  

29.  Mattioli AV, Coppi F, Bucciarelli V, Gallina S. Cardiovascular risk stratification in young 

women: the pivotal role of pregnancy. J Cardiovasc Med Hagerstown Md 2023;24:793–797.  

                  



30.  Zuo W, Sun R, Ji Z, Zuo P, Zhang X, Huang R et al. Sex Differences in Murray Law-Based 

Quantitative Flow Ratio Among Patients With Intermediate Coronary Lesions. J Am Heart 

Assoc 2023;12:e029330.  

31.  Chen Y, Gao L, Vogel B, Tian F, Jin Q, Guo J et al. Sex Differences in Clinical Outcomes 

Associated With Quantitative Flow Ratio-Guided Percutaneous Coronary Intervention. JACC 

Asia 2024;4:201–212.  

32.  Kang S-J, Ahn J-M, Han S, Lee J-Y, Kim W-J, Park D-W et al. Sex differences in the visual-

functional mismatch between coronary angiography or intravascular ultrasound versus 

fractional flow reserve. JACC Cardiovasc Interv 2013;6:562–568.  

33.  Mileva N, Paolisso P, Gallinoro E, Fabbricatore D, Munhoz D, Bergamaschi L et al. 

Diagnostic and Prognostic Role of Cardiac Magnetic Resonance in MINOCA: Systematic 

Review and Meta-Analysis. JACC Cardiovasc Imaging 2023;16:376–389.  

34.  Canton L, Suma N, Amicone S, Impellizzeri A, Bodega F, Marinelli V et al. Clinical impact of 

multimodality assessment of myocardial viability. Echocardiogr Mt Kisco N 2024;41:e15854.  

35.  Angeli F, Bodega F, Bergamaschi L, Armillotta M, Amicone S, Canton L, et al. Multimodality 

Imaging in the Diagnostic Work-Up of Patients With Cardiac Masses: JACC: CardioOncology 

State-of-the-Art Review. JACC CardioOncology 2024;6:847–862.  

36.  Bergamaschi L, Foà A, Paolisso P, Renzulli M, Angeli F, Fabrizio M et al. Prognostic Role of 

Early Cardiac Magnetic Resonance in Myocardial Infarction With Nonobstructive Coronary 

Arteries. JACC Cardiovasc Imaging 2023:S1936-878X(23)00242-5.  

37.  Raphael CE, Roger VL, Sandoval Y, Johnson M, Jaffe A, Lerman A et al. Causes of Death 

After Type 2 Myocardial Infarction and Myocardial Injury. J Am Coll Cardiol 2021;78:415–

416.  

38.  Ariss RW, Elzanaty AM, Minhas AMK, Nazir S, Gul S, Patel N et al. Sex-based differences in 

clinical outcomes and resource utilization of type 2 myocardial infarction. Int J Cardiol 

2021;338:24–29.  

                  



39.  Hinton J, Mariathas MN, Gabara L, Allan R, Nicholas Z, Kwok CS et al. Association between 

troponin level and medium-term mortality in 20 000 hospital patients. Heart Br Card Soc 

2023;109:1772–1777.  

40.  Singh A, Gupta A, DeFilippis EM, Qamar A, Biery DW, Almarzooq Z et al. Cardiovascular 

Mortality After Type 1 and Type 2 Myocardial Infarction in Young Adults. J Am Coll Cardiol 

2020;75:1003–1013.  

41.  McCarthy CP, Jones-O’Connor M, Olshan DS, Murphy S, Rehman S, Cohen JA et al. The 

Intersection of Type 2 Myocardial Infarction and Heart Failure. J Am Heart Assoc 

2021;10:e020849.  

42.  Armoundas AA, Narayan SM, Arnett DK, Spector-Bagdady K, Bennett DA, Celi LA et al. Use 

of Artificial Intelligence in Improving Outcomes in Heart Disease: A Scientific Statement 

From the American Heart Association. Circulation 2024;149:e1028–e1050.  

43.  Sau A, Sieliwonczyk E, Patlatzoglou K, Pastika L, McGurk KA, Ribeiro AH et al. Artificial 

intelligence-enhanced electrocardiography for the identification of a sex-related cardiovascular 

risk continuum: a retrospective cohort study. Lancet Digit Health 2025;7:e184–e194.  

 

  

                  



 

TABLE 

 

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. 

 

 

  

                  



FIGURES 

Figure 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. 

 

                  



Figure 2. Examples of Type 2 Myocardial infarction.   

 

                  



Figure 3. Specific sex and gender background contributing to different clinical spectrum, management and outcomes of Type 2 Myocardial 

infarction in women. 
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