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Abstract

Background. Despite technological innovations and improvements in stents and devices,
sex-related discrepancies are still reported in the outcomes after ST-segment elevation my-
ocardial infarction (STEMI), depending on biological and sex-specific pathophysiological
differences, which have not been completely understood. The aim of the present study
was to provide real-world data on the prognostic role of sex among patients with STEMI,
enclosed into a recent up-to-date international registry. Methods. The ISACS-STEMI
COVID-19 is a large-scale retrospective registry, including STEMI patients treated with
mechanical reperfusion between 1 March and 30 June, 2019 and 2020. Patients, treated in
109 centers across Europe, Latin America, Southeast Asia, and North Africa, were grouped
according to sex. Primary endpoint: In-hospital mortality; secondary endpoints: Time
delay, 30-day mortality, and postprocedural Thrombolysis In Myocardial Infarction (TIMI)
3 flow. Results. We included 16,083 patients, 24.3% females (54.3% hospitalized in 2019,
45.7% in 2020). Women with STEMI were older, more often diabetic and hypertensive
(p < 0.001), with a higher prevalence of hypercholesterolemia (p = 0.02), longer ischemia
time (p = 0.01), ambulance referral (p = 0.03) and cardiogenic shock at presentation
(p = 0.05), but less frequently smokers, with a previous cardiovascular event (p < 0.001) or
anterior STEMI (p = 0.03) as compared to males. Preprocedural TIMI 0 flow, multivessel
disease, need for thrombectomy (p < 0.001 and p = 0.001, respectively), use of Glycopro-
tein IIbIIIa inhibitors or cangrelor, radial access and implantation of drug-eluting stents

https://doi.org/10.3390/jcm15103560

https://doi.org/10.3390/jcm15103560


J. Clin. Med. 2026, 15, 3560 4 of 16

(p < 0.001, p < 0.001 and p = 0.001, respectively) were also more common in men. Impaired
postprocedural epicardial reperfusion (TIMI flow 0–2) was observed more frequently in
females as compared to males (10% vs. 7.2%; adjusted OR [95% CI] = 1.30 [1.13–1.49],
p = 0.01). In-hospital mortality was 5.8%, significantly higher among women (8.3% vs. 5%,
p < 0.001, adjusted HR [95% CI] = 1.26 [1.06–1.5], p = 0.01). Similar data were observed
for 30-day mortality (10.3% vs. 6.2%, p < 0.001, adjusted HR [95% CI] = 1.22 [1.06–1.38],
p = 0.007). Conclusions. Among STEMI patients being treated with the most updated
standard of care for primary percutaneous coronary intervention, female sex is still asso-
ciated with higher complexity and impaired prognosis, displaying suboptimal epicardial
reperfusion and increased in-hospital and 30-day mortality.

Keywords: sex; ST-segment elevation myocardial infarction; primary percutaneous
coronary intervention; outcomes

1. Background
Technological innovations and improvements in percutaneous coronary interventions

(PCI), with low-thrombogenicity drug-eluting stents (DESs) or even no-stent techniques [1–4],
along with the spread of circulatory support devices [5], have completely revolutionized
the outcomes of patients with ST-segment elevation myocardial infarction (STEMI). Never-
theless, the same reduction in mortality has not been observed in females as compared to
male patients.

Despite data from large registries and randomized clinical trials consistently reporting
sex-related prognostic discrepancies, most of the studies have pointed at the role of other
factors, such as comorbidities, delayed presentation and bleeding complications [6,7],
rather than sex per se, in conditioning the outcomes after STEMI. In fact, a great level of
interest has been focused in recent years on sex-related differences in the pathophysiology
of atherosclerosis and in the response to antithrombotic therapies [8–15].

The initiatives and campaigns performed to increase the awareness of patients and
clinicians about the cardiovascular risk in women [16–19] have partially narrowed this gap.
In fact, recent large-scale registries with newer DES, which allow for a shorter duration
of dual antiplatelet therapy and a lower risk of lesion failure, have shown no sex-related
differences in clinical outcomes between men and women [20,21]. Therefore, different
results could be expected on the impact of female sex in STEMI patients undergoing
primary PCI with the best contemporary standard of care.

The International Study on Acute Coronary Syndromes—ST Elevation Myocardial
Infarction (ISACS-STEMI) COVID-19 is a global registry, conducted in 109 high-volume
tertiary centers on 4 continents [22–24]. It was established in response to the emerging
outbreak of COVID-19 and estimated the true impact of the COVID-19 pandemic on the
treatment and clinical outcomes of STEMI patients who underwent primary angioplasty.

In the present analysis, we aim to provide an insight into the prognostic impact of sex
on the outcomes of patients with STEMI undergoing primary PCI, enclosed in a real-world
and up-to-date registry that spans the period of the COVID-19 pandemic.

2. Methods
2.1. Study Design and Population

The International Study on Acute Coronary Syndromes—ST Elevation Myocardial
Infarction (ISACS-STEMI) COVID-19 is a large-scale multicenter retrospective registry,
promoted by the Eastern Piedmont University in Novara, Italy, which included STEMI

https://doi.org/10.3390/jcm15103560

https://doi.org/10.3390/jcm15103560


J. Clin. Med. 2026, 15, 3560 5 of 16

patients treated with primary PCI in Europe (phase 1; [22,23]) and Latin America, Southeast
Asia, and North Africa (phase 2; [24]) for a total of in 109 high-volume centers. The final
inclusion period was from 1 March 2020 to 30 June 2020. The data were compared with
those retrospectively collected during the same months in 2019. Inclusion and exclusion
criteria have been previously reported [22]. In brief, we included consecutive STEMI
patients treated by primary PCI (including mechanical reperfusion for failed thrombolysis)
within the period of study; patients not undergoing invasive treatment or with incomplete
in-hospital data were excluded.

Data Collection. Anonymized data were collected through a dedicated Case Report
Form (CRF). Each center identified a local Principal Investigator. We collected demographic,
clinical, and procedural data, including total ischemia and door-to-balloon time (from
arrival to hub to balloon inflation), referral to primary PCI facility, COVID-19 positivity,
PCI procedural data, and in-hospital mortality. After data collection, each participating
center submitted the CRF to the coordinating unit at Eastern Piedmont University, which
was responsible for compiling all the data into the central electronic database. Data were
checked for missing or contradictory entries.

2.2. Study Endpoints

The primary study outcome was in-hospital mortality. Secondary study outcomes
were patient-related time delay, postprocedural Thrombolysis In Myocardial Infarction
(TIMI) flow < 3 and 30-day mortality.

Statistics. Data were analyzed using SPSS Statistics Software 23.0 (IBM SPSS Inc.,
Chicago, IL, USA) and R software (version 3.6.2) by an independent statistician (GC).
Continuous variables were described using median and interquartile range, whereas
categorical ones were considered as percentages. Patients were grouped according to sex.

Analysis of variance (ANOVA) and the chi-square test were used for continuous and
categorical variables, respectively. Normal distribution of continuous variables was tested
by the Kolmogorov–Smirnov test. In the case of non-normally distributed variables, the
Mann–Whitney test was applied.

Multivariate logistic regression was performed to evaluate the association between
sex and secondary endpoints after correction for baseline confounders (age, diabetes,
hypertension, hypercholesterolemia, smoke, previous cardiovascular event, time to reper-
fusion, ambulance referral, cardiogenic shock, STEMI location, preprocedural TIMI flow,
multivessel disease, use of thrombectomy, use of GpIIbIIIa or cangrelor, radial access,
and DES), which were entered in the model “in block” (p-value entry < 0.05; p-value
removal > 0.1). Cox regression and Kaplan–Meier estimates were applied to evaluate the
association between sex and mortality, after correction for baseline differences (all variables
with p < 0.05 at univariate analysis, as in Tables 1 and 2).

A further outcome analysis was conducted to explore the impact of sex on outcomes
across age decades (from 55 to 85 years) and to assess the age–sex interaction.

Ethical issues. The study was approved by the Ethical Committee in Novara, Italy, and
followed the World Medical Association’s Declaration of Helsinki. Due to the retrospective
study design, no informed consent was required, as approved by the Ethical Committee and
relevant local ethical authorities (Trial registration number: NCT 04412655; CE 132/2020).

3. Results
The final population was represented by 16,083 patients [24] (96.4% with complete

clinical data out of 16,674 patients), of whom 3919 (24.3%) were females. Among them,
2127 (54.3%) were from 2019, while 1792 (45.7%) were hospitalized in 2020, not resulting in
any significant difference (p = 0.78).
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As shown in Table 1, women with STEMI were older and more often diabetic and
hypertensive (p < 0.001), with a higher prevalence of hypercholesterolemia (p = 0.02), but
less frequently smokers or admitted with a previous cardiovascular event (p < 0.001) as
compared to males.

Table 1. Baseline demographic and clinical characteristics.

Total Population
(n = 16,083)

Males
(n = 12,164)

Females
(n = 3919) p-Value

Age (median, IQR) 63 [54–72] 61 [53–70] 68 [59–78] <0.001

Elderly (>75 y)—n (%) 3047 (18.9) 1772 (14.6) 1275 (32.5) <0.001

Hypertension—n (%) 8813 (54.8) 6271 (51.6) 2542 (64.9) <0.001

Diabetes mellitus—n (%) 3812 (23.7) 2686 (22.1) 1126 (28.7) <0.001

Hypercholesterolemia—n (%) 6353 (39.5) 4741 (39) 1612 (41.1) 0.02

Smokers—n (%) 8918 (55.4) 7311 (60.1) 1607 (41) <0.001

Family history of CAD—n (%) 3298 (20.5) 2521 (20.7) 777 (19.8) 0.23

Previous STEMI—n (%) 1543 (9.6) 1255 (10.3) 288 (7.3) <0.001

Previous PCI—n (%) 1993 (12.4) 1636 (13.4) 357 (9.1) <0.001

Previous CABG—n (%) 272 (1.7) 218 (1.8) 54 (1.4) 0.09

Hospital Access

Ambulance referral—n (%) 7738 (48.1) 5791 (47.6) 1947 (49.7) 0.03

Time Delays

Ischemia time, median [25–75th] 210 [122–378] 190 [120–340] 240 [140–433]

Total ischemia time <0.001
<6 h—n (%) 11,922 (74.1) 9141 (75.1) 2781 (71)
6–12 h—n (%) 2499 (15.5) 1812 (14.9) 687 (17.5)
12–24 h—n (%) 1088 (6.8) 793 (6.5) 295 (7.5)
>24 h—n (%) 574 (3.6) 418 (3.4) 156 (4)

Total ischemia time > 12 h—n (%) 1662 (10.3) 1211 (10) 451 (11.5) 0.01

Door-to-balloon time, median [25–75th] 400 [25–67] 40 [25–65] 40 [25–70] 0.08

Door-to-balloon time 0.13
<30 min—n (%) 6433 (40.0) 4895 (40.2) 1538 (39.2)
30–60 min—n (%) 5259 (32.7) 3997 (32.9) 1262 (32.2)
>60 min—n (%) 4391 (27.3) 3272 (26.9) 1119 (28.6)

Door-to-balloon time > 30 min—n (%) 9650 (60.0) 7269 (59.8) 2381 (60.8) 0.27

Clinical Presentation

Anterior STEMI—n (%) 7446 (46.3) 5693 (46.8) 1753 (44.7) 0.03

Out-of-hospital cardiac arrest—n (%) 956 (5.9) 746 (6.1) 210 (5.4) 0.08

Cardiogenic shock—n (%) 1169 (7.3) 856 (7) 313 (8) 0.05

Rescue PCI for failed thrombolysis—n (%) 1099 (6.8) 832 (6.8) 267 (6.8) 0.97

SARS-CoV-2 positivity—n (%) 109 (0.7) 80 (0.7) 29 (0.7) 0.58
CAD = Coronary artery disease; STEMI = ST-segment elevation myocardial infarction; PCI = percutaneous
coronary intervention; CABG = coronary artery bypass graft.

Time to reperfusion > 12 h (p = 0.01), ambulance referral (p = 0.03) and cardiogenic shock
at presentation (p = 0.05) were also more common at presentation in women, but not anterior
STEMI (p = 0.03). Median door-to-balloon time was, instead, not conditioned by sex.
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Anatomic features of the culprit lesion and procedural details are reported in Ta-
ble 2. As shown, preprocedural TIMI 0 flow (p < 0.001), multivessel disease (p < 0.001),
use of thrombectomy (p < 0.001), use of Glycoprotein IIbIIIa inhibitors or cangrelor
(p < 0.001), radial access (p < 0.001) and implantation of DES (p = 0.001) were less common
among females.

Impaired postprocedural epicardial reperfusion (TIMI 0–2 flow) was observed more
frequently in females as compared to males (10% vs. 7.2%; OR [95% CI]= 1.43 [1.26–1.62],
p < 0.001), as shown in Figure 1A. Results were confirmed at multivariate analysis, after
correction for baseline differences, which were entered in the model in-block (adjusted OR
[95% CI] = 1.30 [1.13–1.49], p < 0.001).

Table 2. Angiographic and procedural characteristics.

Total
Population
(n = 16,083)

Males
(n = 12,164)

Females
(n = 3919) p-Value

Radial Access (%) 12,268 (76.3) 9398 (77.3) 2870 (73.2) <0.001

Culprit vessel <0.001
Left Main—n (%) 252 (1.6) 198 (1.6) 54 (1.3)
Left Anterior Descending Artery—n (%) 7358 (45.8) 5608 (46.3) 1750 (44.7)
Circumflex—n (%) 2350 (14.6) 1834 (14.7) 516 (13.2)
Right Coronary Artery—n (%) 6001 (37.3) 4423 (36.4) 1578 (40.3)
Anterolateral Branch—n (%) 41 (0.3) 36 (0.4) 5 (0.1)
SVG—n (%) 79 (0.5) 63 (0.6) 16 (0.4)

In-stent Thrombosis—n (%) 632 (3.9) 501 (4.1) 131 (3.3) 0.03

Multivessel Disease—n (%) 7886 (49.0) 6065 (49.9) 1821 (46.5) <0.001

Preprocedural TIMI 0 flow—n (%) 10,731 (66.7) 9543 (78.5) 2971 (75.8) 0.001

Thrombectomy—n (%) 2563 (15.9) 2036 (16.7) 527 (13.4) <0.001

Drug-eluting Stent—n (%) 14,254 (88.6) 10,841 (89.1) 3413 (87.1) 0.001

Postprocedural TIMI 3 Flow—n (%) 14,821(92.2) 11,292 (92.8) 3529 (90) <0.001

Gp IIb-IIIa Inhibitors/Cangrelor—n (%) 3267 (20.3) 2606 (21.4) 661 (16.9) <0.001

Mechanical Support—n (%) 497 (3.1) 382 (3.1) 115 (2.9) 0.56

Additional PCI <0.001
During the Index Procedure—n (%) 1576 (9.8) 1204 (9.9) 372 (9.5)
Staged—n (%) 1696 (10.5) 1331 (10.9) 355 (9.1)

DAPT Therapy—n (%) 15,905 (98.9) 12,031 (98.8) 3874 (98.9) 0.80

In-hospital Death—n (%) 938 (5.8) 612 (5) 326 (8.3) <0.001

30-day Death—n (%) 1027 (7.2) 675 (6.2) 352 (10.3) <0.001
TIMI = Thrombolysis In Myocardial Infarction; DAPT = dual antiplatelet therapy.

As shown in Figure S1, we did not observe a significant age–sex interaction. In fact,
poorer postprocedural epicardial reperfusion was observed in females as compared to
males across all age categories (unadjusted OR: 1.39, 1.07, 1.16, 1.42, 1.43; p int = 0.52).
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Figure 1. Bar graph showing the impact of sex on postprocedural TIMI 0–2 flow ((A), (upper graph))
and in-hospital mortality ((B), (lower graph)) in the overall population.

In-Hospital and 30-Day Mortality

During hospitalization, 938 (5.8%) patients died, with a significantly higher mortality
among women as compared to men (8.3% vs. 5%, OR [95% CI] = 1.32 [1.16–1.5], p < 0.001),
as depicted in Figure 1B.

A significantly higher in-hospital mortality was observed in 2020 as compared to 2019
(6.5% vs. 5.3%), being higher among females in both years (2020: 10% vs. 5.4%, p < 0.001;
2019: 6.9% vs. 4.7%, p < 0.001, p for interaction = 0.069). The impact of female sex on
in-hospital mortality was confirmed via multivariate analysis after correction for baseline
confounders (adjusted HR [95% CI] = 1.26 [1.06–1.5], p = 0.01).

As shown in Figure S2, we did not observe a significant age–sex interaction. In fact,
in-hospital mortality was higher in females across all age categories (unadjusted OR: 1.41,
0.96, 1.24, 1.34, 1.36; p int = 0.61).

Data on 30-day mortality were available in 14,303 patients (88.9%). Female sex was
associated with a significantly higher 30-day mortality (10.3% vs. 6.2%, p < 0.001; HR
[95% CI] = 1.7 [1.5–1.94], p < 0.001), as shown in Figure 2. The higher mortality in women
was observed both in 2020 (12.1% vs. 6.7%, p < 0.001) and 2019 (8.7% vs. 5.8%, p < 0.001;
p for interaction = 0.1) and it was confirmed via multivariate analysis, after correction for
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baseline confounders (adjusted HR [95% CI] = 1.22 [1.06–1.38], p = 0.007). As shown in
Figure S3, results were confirmed across all age categories, with no significant age–sex
interaction (unadjusted OR: 1.39, 1.0, 1.25, 1.24, 1.39; p int = 0.75).

Figure 2. Unadjusted (A) and adjusted (B) Kaplan–Meier curves showing the risk of mortality at
30 days, according to sex.

4. Discussion
The ISACS-STEMI COVID-19 [22] represents one of the largest STEMI registries world-

wide, encompassing more than 16,000 patients undergoing primary PCI with contemporary
strategies, thus providing insight into the real-world outcomes of STEMI. The present sub-
analysis focused, in particular, on sex-related prognostic discrepancies, which still represent
one of the most long-standing unsolved challenges in interventional cardiology [23,24].

Women, in fact, still display poorer prognosis in the context of STEMI, although the
independent role of sex in the prediction of mortality is still debated [6,25–40].
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Antoniucci et al. [28], in a population of 1037 patients treated with primary angioplasty,
found that female sex was associated with a significantly higher mortality rate, although not
confirmed in multivariate analysis. Similar conclusions were achieved by Brodie et al. [29]
in a population of 1450 patients treated with primary PCI, as well as by Vacek et al. [26]
and De Luca et al. in different study populations, including 1548 [30], 6298 [32], and
1662 [33] STEMI patients, respectively. All these studies supported the concept that the
higher mortality among women could be explained by their worse risk profile, including
more advanced age and higher rates of comorbidities.

Opposite findings were observed by Vakili et al. [27], who found that, in a population
of 1044 patients treated with primary angioplasty, female sex was an independent predictor
of mortality. Furthermore, in the large population (more than 50,000 patients) included in
the SWEDEHEART registry, Lawesson et al. [35] observed that females displayed higher
mortality at short-term follow-up, but not at long-term follow-up.

An analysis from the GRACE registry [41], comparing 7638 women and 19,117 men,
showed that women were older than men, had higher rates of cardiovascular risk factors
and 6-month mortality. The difference in mortality was no longer statistically significant
after adjustment for age and the extent of disease. However, these analyses were conducted
on a population treated between 20 and 30 years ago, and across the entire spectrum of
acute coronary syndrome types.

Therefore, caution should be applied before translating these findings to the actual
STEMI population, as most large-scale studies were limited by the use of bare metal stents
or first-generation DES, suboptimal antithrombotic therapies and prevalence of femoral
approach, all factors that have been demonstrated to negatively impact outcomes and that
have been addressed in current practice [42–48].

In fact, the large retrospective New South Wales cohort, encompassing 29,435 patients
with STEMI (of whom 28.8% were females) from 2011 to 2020, showed a rapid increase
in the percentage of women undergoing timely PCI and a subsequent larger reduction in
mortality and major cardiovascular events (MACEs) in females (0.8 percentage points by
year in females vs. 0.5 in males for cardiovascular death). Nevertheless, the risk of death or
adverse events at 12-month follow-up remained higher among women [49]. Moreover, in
a subgroup analysis of the HORIZONS-AMI trial [50], which randomized 3602 patients
(23.4% women) with STEMI to receive bivalirudin or heparin plus glycoprotein IIb/IIIa
inhibitors and percutaneous coronary intervention (PCI) with drug-eluting or bare metal
stents, female sex was not an independent predictor of long-term MACE at 3 years after
adjusting for differences in baseline and treatment characteristics, while it remained an
independent predictor of major bleeding at 3 years.

Similarly, the recent study by Paradossi et al. [38] and two large-scale meta-analyses,
including 891,585 [51] and 358,140 [52] patients, respectively, concluded that female sex
was independently associated with higher in-hospital and long-term mortality, driven by
comorbidities, especially diabetes mellitus, longer treatment delays and suboptimal care.

In the present analysis of the ISACS-STEMI COVID-19 registry [22], we observed,
in accordance with all previous studies, that females had a worse baseline risk profile,
with more advanced age, higher rates of diabetes, hypertension, hypercholesterolemia,
but were less often smokers and less often had a previous cardiovascular event. Women
had a longer ischemia time, derived from a longer pre-hospital delay, since no difference
was observed in terms of door-to-balloon time, and presented more often with cardiogenic
shock, despite a lower prevalence of anterior STEMI. Radial access, thrombectomy and
Gp IIb-IIIa inhibitors were less frequently used for females, in accordance with the pooled
data of Cheo et al. [51]. Delays in revascularization and less aggressive antithrombotic
therapies translated into more frequent suboptimal epicardial reperfusion among women,
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although multivessel coronary disease and impaired preprocedural recanalization were
more often observed among men. Biological differences in the atherothrombotic process
and microcirculation may have potentially accounted for such differences in outcomes.
These results were in line with a previous study by De Luca et al. [33], where female sex
was associated with impaired reperfusion and more frequent distal embolization.

Impaired postprocedural epicardial reperfusion, however, can represent only one of
the several potential explanations for the higher in-hospital and 30-day mortality observed
in the current analysis among females vs. males, which was confirmed after correction for
all baseline confounding factors.

Invasive studies with the use of intravascular imaging (OCT) have recently demon-
strated a significantly higher prevalence of high-risk plaques among women as compared
to men [13], which may be a contributing factor in explaining the observed angiographic
findings in terms of reperfusion and distal embolization described in our current and
previous populations of women.

In previous reports, which are in line with our study, female sex was associated with
more advanced Killip class at presentation and larger occurrence of cardiogenic shock,
despite the lower prevalence of previous infarction, anterior infarction location, and similar
left ventricular function [6,53,54]. Worse diastolic function in women in comparison with
men, caused by their more advanced age at presentation, could be a plausible reason to
account for these results [55]. The impaired outcome in women may also be explained
by the smaller coronary size and postprocedural minimal lumen diameter, as reported in
previous studies, since we could not assess vessel diameter in our study [33]. Moreover,
more delayed presentation and atypical symptoms have been reported more frequently
among women, often delaying diagnosis and management.

Our results were also confirmed across different ages: we found that female sex was
associated with worse outcomes and impaired postprocedural reperfusion, which was
observed at a similar magnitude irrespective of age. Indeed, previous reports investigating
this issue reached contrasting results, with some authors showing a significant age–sex
interaction in terms of mortality [56,57], which was not confirmed by other studies [58].

In addition, as the present study was performed during the COVID-19 pandemic, ad-
ditional considerations can be made regarding its direct and indirect effects on survival. In
fact, the nearly 16% reduction in patients admitted for STEMI and primary PCI procedures,
observed during the pandemic, was not conditional on gender [19]. Nevertheless, this did
not translate into any prognostic benefit for women. Furthermore, while we observed a
larger difference in absolute mortality in 2020 as compared to 2019, the interaction was not
statistically significant.

Female patients with STEMI are generally older and frail, with increased rates of
comorbidities that can enhance both thrombotic and bleeding risk [6,24–40,59]. Although
we could not assess hemorrhagic complications using our registry, bleeding can also be
claimed to increase mortality among women with STEMI. In two previous large-scale
trials [6,60], the higher mortality in women after interventional treatment for STEMI was
explained by the differences in body size and clinical risk factors, increasing both access
site and non-access site bleeding. In effect, the implementation of the most updated
guidelines, with a preferential use of the transradial approach, has significantly contributed
to overcoming these complications, although its routine use for interventional procedures
is generally more challenging, especially among elderly women, presenting with smaller
and more tortuous radial arteries [61].

The importance of these studies is to reaffirm the biological, sex-specific differences
in the pathogenesis of cardiovascular disease and to consider the persisting prognostic
gap between women and men presenting with STEMI, despite the use of primary PCI and
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treatment with the best standard of care in terms of revascularization and antithrombotic
therapies. In fact, future large-scale trials dedicated to women are certainly required,
allowing for a refinement of interventional and pharmacological strategies, tailored to
account for the higher complexity of female patients.

5. Limitations
The first limitation relates to the study design, which did not involve prospective data

collection or follow-up. Therefore, we could not assess any causal relationship between
gender and outcomes. Nevertheless, the retrospective analysis was considered advisable
due to the pandemic constraints and in order to capture the most comprehensive cohort of
unselected real-life STEMI patients, offering an overview of contemporary clinical practice.
Moreover, we believe that the potential limitations due to missing or irretrievable data
were largely compensated for by the size of the population included and by the high rate of
complete cases (>95%). In addition, despite the discrepancy in the proportion of males and
females, the large sample size warranted sufficient statistical power for the study analysis,
including multivariate models. However, our female population presented with a higher-
risk profile (older age, more comorbidities, longer ischemic time, and more cardiogenic
shock) and residual confounding remained a significant concern despite multivariable
adjustment. Indeed, by including only patients admitted for primary angioplasty, we could
not evaluate the rates of pre-hospital death, which could have differed according to sex,
although we did not find any difference in out-of-hospital cardiac arrest. In addition, we
did not include the more complex patients who were deemed at too high a risk to undergo
an invasive approach, potentially introducing an unmeasurable selection bias.

In addition, we did not collect data on bleeding and access-site complications, which
have been identified as major determinants of the worst outcomes in female patients.
Certain laboratory parameters, including the rate of LDL cholesterol, were not available
in the majority of the patients; therefore, we decided not to include them in the analysis.
However, we considered that metabolic parameters and thepharmacological therapy at
discharge could have provided a more significant impact on long-term prognosis, rather
than at 30 days. Similarly, risk stratification tools, such as HAS-BLED or PRECISE-DAPT
scores, were not calculated at the time of recruitment in all the patients, and therefore, we
cannot provide more data about the estimated ischemic and bleeding risk of our patients.

Finally, we could not provide data on the angiographic features of the culprit
lesion, since calcification, tortuosity and smaller reference diameter generally occur
more frequently among women in consequence ofspontaneous coronary dissections or
MINOCA [62], which could have conditioned the lower rate of stenting observed in our
study and, therefore, the final prognosis.

Conclusions. Among STEMI patients being treated with the most updated standard
of care for primary percutaneous coronary intervention, female sex is still associated with
higher complexity and impaired prognosis, displaying suboptimal epicardial reperfusion
and increased in-hospital and 30-day mortality.
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