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Abstract: There is still much controversy concerning the impact of gender on mortality during
ST-segment elevation myocardial infarction (STEMI). The COVID-19 pandemic deeply affected the
clinical history of these patients, both in terms of presentation time and management. Our study
focuses on STEMI patients hospitalized during the darkest period of the pandemic. From a total
of 283 patients, women represented 26.8% of the population, with a mean age of 72 ± 11.2 years
vs. 64.7 ± 12.6 years in men. Anterior STEMI was the most represented with a mildly reduced
ejection fraction (EF 48.3 ± 11.8%) similar between genders. Coronary angiography showed more
extensive disease in man, while women presented with a higher Killip class at admission and a more
pronounced anemic status. In-hospital and 1-year mortality of the whole cohort were 11.4% and
7.5%, respectively, with no significant differences between genders (14.5% women vs. 10.6% men,
p = ns; 9.2% women vs. 7% man, p = ns). EF resulted in being the only independent predictor of
mortality in the short-term and at 1-year follow up in both genders. In the acute phase, the only
other independent predictor of mortality was COVID-19 infection, secondary to the higher rate of
respiratory complications, without any difference in terms of major adverse cardiac events. The
impact of COVID-19 infection on mortality was completely lost at 1-year follow up.
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1. Introduction

Cardiovascular diseases remain a leading cause of death nowadays, although in
Western countries there has been a decrease in mortality [1] and the relative incidence
of ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation
myocardial infarction (NSTEMI) is reducing and increasing, respectively [2]. STEMI is
relatively more common in younger patients and men than in women [3]. Acute coronary
syndromes (ACS) under the age of 60 are more habitual in men, but over the age of 75 years,
women represent the great majority [4]. In up to 30% of women, there are atypical clinical
presentations compared to men (in some cases without chest pain), which could be prone to
be underrecognized and undertreated with consequent greater morbidity and mortality [5].
Even if STEMI guidelines highly emphasize similar management in both genders [6],
women are often undertreated, especially in specific cultural and economic contests [7,8].
Several studies in literature reported poorer outcomes in women, often secondary to older
age, higher comorbidities, later presentation and less reperfusion therapy compared to
men [9,10]. On the other side, women seem to be relatively protected from SARS-CoV2.
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In the available literature, women are less susceptible to the infection [11] and less prone
to disease progression and worse outcomes [12]. Sex-specific biological differences, such
as discrepancies in immunity and inflammation, genetic profiles [13,14], levels of sex
hormones [15–19], different expression of ACE2 receptor, behavior and lifestyle [20–22]
may explain these findings. Even though, during the pandemic, there was an effective
reorganization of the emergency systems [23], the number of ACS patients admitted to the
emergency room was reduced, probably due to fear of COVID-19 infection, with consequent
late diagnosis and poor prognosis [24,25]. The aim of our study was to evaluate the impact
of female gender on acute and mid-term mortality in STEMI patients hospitalized during
the pandemic period.

2. Results

Our population was represented by 283 consecutive STEMI patients treated with
urgent coronary angiography and subsequent pPCI. Baseline clinical and demographical
characteristics are detailed in Table 1. A total of 25 patients (8.6%) resulted positive for
COVID-19 at nasopharyngeal swab test. Women represented 26.8% of the population with
a mean age of 72 ± 11.2 years vs. 64.7 ± 12.6 in men. Regarding cardiovascular risk factors,
hypertension was reported in 55.2% of patients, diabetes mellitus in 20%, dyslipidemia
in 28.6%, overweight in 20%, a family history of coronary artery disease (CAD) in 13.4%,
without any significant difference in terms of gender except for active and previous smoking
that was more prevalent among males (37.6% vs. 26.3% and 14.1% vs. 2.6%, p = 0.001). In
the majority of cases STEMI diagnosis was assessed in a pre-hospital setting (61%), 7.2%
of the patients experienced out of hospital cardiac arrest and anterior MI was the most
represented (45.9%) in the entire population. A Killip class ≥ II was recorded in 12.1% of
the whole population, with a significantly higher incidence among women (20.8% vs. 9.9%;
p = 0.01). Regarding the echocardiographic evaluation, left ventricular ejection fraction (EF)
showed no differences in terms of gender with a mean value of 48.3 ± 11%. Females were
significantly more anemic (hemoglobin levels 12.9 ± 2 g/dL in women vs. 14 ± 1.8 g/dL
in men, p < 0.001) with a lower renal function (eGFR 64.1 ± 24.7 mL/min × 1.73 m2 vs.
90.1 ± 37.9 mL/min × 1.73 m2, p < 0.0001). Focusing on procedural characteristics, the
radial access was the most performed (73.8%). A different distribution of MI localization
was evident with a higher incidence of lateral MI among women (15.8% vs. 9%, p = 0.03).
The number of pathological vessels was higher among men (1.8 ± 0.8 vs. 1.6 ± 0.8,
p = 0.04). No patients underwent surgical revascularization. The mean hospitalization
period in the general population was 9.4 ± 7.3 days with no differences between genders
(8.9 ± 7.2 female vs. 10.8 ± 7.2 male, p = ns). The total in-hospital mortality was 11.4%,
with a difference between genders that did not reach statistical significance (14.5% women
vs. 10.6% men, p = ns). Respiratory complications were 6.4% and in-hospital adverse events
were 15.9% in the global population with no differences between the two groups (6.6% male
vs. 6.3% female and 19.7% women vs. 14.5% men, respectively; p = ns). The two subgroups
received the same kind of therapy at discharge except for direct oral anticoagulants (DOAC)
that were more prescribed among women (11.6% vs. 4.1%; p = 0.02).

Table 1. Clinical characteristics of the population.

Clinical Characteristics TOT (283) Female (76) Male (207) p

Age (M ± SD) 66.7 ± 12.7 72.1 ± 11.2 64.7 ± 12.6 <0.001
BMI kg/m2 (M ± SD) 26.4 ± 4.3 26 ± 4.7 26.5 ± 4.2 ns
Hypertension (%) 55.2 64.5 54.1 ns
Smoker (%)

0.001Active smoker (%) 33.4 26.3 37.6
Former smoker (%) 10.7 2.6 14.1
Dyslipidemia (%) 28.6 28.0 30.1 ns
Diabetes (%) 20.0 23.7 19.5 ns
Overweight (%) 20.0 23.7 19.5 ns
Family history of CAD (%) 13.4 13.2 14.1 ns
Previous MI (%) 13.4 9.2 15.5 ns
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Table 1. Cont.

Clinical Characteristics TOT (283) Female (76) Male (207) p

Previous PCI (%) 13.1 7.9 15.5 ns
Previous CABG (%) 2.8 1.3 3.4 ns
COPD (%) 9.0 10.5 8.8 ns
Anemia (%) 14.4 25.3 10.8 <0.001
MI localization

Anterior MI (%) 45.9 48.7 46.6

0.035
Inferior MI (%) 39.7 35.5 42.7
Lateral MI (%) 9.0 15.8 6.8
Posterior MI (%) 2.8 0 3.9
MI diagnosis site

Out of hospital (%) 61.0 65.8 59.2

nsEmergency department (%) 33.3 27.6 35.4
Spoke centre (%) 3.5 2.6 3.9
Hub centre (%) 2.1 3.9 1.5
Out of the hospital cardiac arrest (%) 7.2 10.5 6.3 ns
Cardiogenic shock (%) 7.9 10.5 7.2 ns
Killip class > 2 (%) 12.1 20.8 9.9 0.01
LVEF (%) (M ± SD) 48.3 ± 11.0 47.8 ± 11.3 48.6 ± 11 ns
Blood tests

Hemoglobin g/dL (M ± SD) 13.7 ± 1.9 12.9 ± 2 14 ± 1.8 0.0001
WBC 103/µL (M ± SD) 11.4 ± 4.4 12.2 ± 5.6 11 ± 3.8 0.04
Lymphocytes 103/µL (M ± SD) 2.08 ± 1.12 2.1 ± 1.1 2 ± 1.1 ns
Platelets 103/µL (M ± SD) 247 ± 89 281 ± 119 234 ± 71 0.02
eGFR mL/min × 1.73 m2 (M ± SD) 83.1 ± 36.6 64.1 ± 24.7 90.1 ± 37.9 0.0001
Glycemia mg/dL (M ± SD) 155 ± 72 157 ± 70 154 ± 73 ns
Total cholesterol mg/dL (M ± SD) 171 ± 46 175 ± 46 169 ± 46 ns
LDL cholesterol mg/dL (M ± SD) 104 ± 41 107 ± 43 103 ± 41 ns
Troponin T peak ng/L (M ± SD) 6157 ± 3224 5603 ± 2923 6629 ± 3389 ns
COVID-19 characterization

COVID-19+ (%) 8.6 9.2 8.8 ns
Mechanical ventilation (%) 7.2 9.6 10.2 ns
Procedural features

Radial access (%) 73.8 67.1 79.1 ns
Multivessel disease (%) 54.5 51.3 57.8 ns
Number of pathological vessels (M ± SD) 1.78 ± 0.80 1.6 ± 0.7 1.8 ± 0.8 0.04
IABP (%) 4.8 5.3 4.8 ns
Final TIMI flow ≥ 2 (%) 96.1 94.7 96.6 ns
Complete revascularization during index
procedure (%) 4.5 7.7 8.5 ns

Staged in-hospital revascularization (%) 33.8 59.0 63.6 ns
Total ischemic time (M ± SD) 273 ± 367 301 ± 316 262 ± 384 ns
Discharge therapy

Beta-blocker (%) 88.2 91.3 87.0 ns
ACE-inhibitors (%) 71.0 65.2 73.1 ns
ARB (%) 9.2 10.1 8.8 ns
Acetylsalicylic acid (%) 98.9 100 98.5 ns
Ticagrelor (%) 72.7 72.5 72.8 ns
Statin (%) 97.0 97.1 96.9 ns
DOAC (%) 6.1 11.6 4.1 0.02
Events

In hospital adverse events (%) 15.9 19.7 14.5 ns
Respiratory complications (%) 6.4 6.6 6.3 ns
Cardiac death (%) 7.9 11.8 6.8 ns
In-hospital mortality (%) 11.4 14.5 10.6 ns
Hospitalization days (M ± SD) 9.4 ± 7.3 10.8 ± 7.2 8.9 ± 7.2 ns

BMI: body mass index; CAD: coronary artery disease; MI: acute myocardial infarction; PCI: percutaneous coronary
intervention; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; LVEF: left
ventricle ejection fraction; WBC: white blood cells; LDL: low density lipoprotein; IABP: intra-aortic balloon pump;
TIMI: thrombolysis in myocardial infarction; ACE: angiotensin converting enzyme; ARB angiotensin receptors
blockers; DOAC: direct oral anticoagulants.

In the multivariate analysis of the whole population, reduced ejection fraction (HR
[95% CI] = 0.9 [0.87–0.94], p < 0.0001) and COVID-19 diagnosis (HR [95% CI] = 3.2 [1.2–8.3],
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p < 0.019) were the only two independent predictors of in-hospital mortality. In Figure 1,
in-hospital adverse events are graphically represented, highlighting the higher mortality
of COVID-19 patients, who recorded a greater number of respiratory complications in the
absence of a statistically significant increase in cardiac death.

Women 2022, 2, x FOR PEER REVIEW 4 of 9 
 

Hospitalization days (M ± SD) 9.4 ± 7.3 10.8 ± 7.2 8.9 ± 7.2 Ns 

BMI: body mass index; CAD: coronary artery disease; MI: acute myocardial infarction; PCI: percu-

taneous coronary intervention; CABG: coronary artery bypass grafting; COPD: chronic obstructive 

pulmonary disease; LVEF: left ventricle ejection fraction; WBC: white blood cells; LDL: low density 

lipoprotein; IABP: intra-aortic balloon pump; TIMI: thrombolysis in myocardial infarction; ACE: angi-

otensin converting enzyme; ARB angiotensin receptors blockers; DOAC: direct oral anticoagulants. 

In the multivariate analysis of the whole population, reduced ejection fraction (HR 

[95% CI] = 0.9 [0.87–0.94], p < 0.0001) and COVID-19 diagnosis (HR [95% CI] = 3.2 [1.2–

8.3], p < 0.019) were the only two independent predictors of in-hospital mortality. In Figure 

1, in-hospital adverse events are graphically represented, highlighting the higher mortal-

ity of COVID-19 patients, who recorded a greater number of respiratory complications in 

the absence of a statistically significant increase in cardiac death. 

 

Figure 1. In-hospital mortality according to cardiac death and COVID-19 infection. 

Similar results were found if the analysis was performed according to female gender: 

ejection fraction (HR [95% CI] = 0.84 [0.74–0.95], p < 0.005) and COVID-19 diagnosis (HR 

[95% CI] = 10.45 [1.74–62.73], p < 0.01). 

One year mortality was 7.5% in the whole population without significant gender-

related differences in this setting (7.0% man vs. 9.2% women, p = ns). In the multivariate 

analysis, ejection fraction (HR [95% CI] = 0.94 [0.89–0.98], p < 0.007) and age (HR [95% CI] 

= 1.06 [1.02–1.11], p < 0.006) were the only two independent predictors of mortality, while 

the impact of COVID-19 infection was no longer significant. Similar results were reached 

performing the analysis only among women: age (HR [95% CI] = 1.2 [1.00–1.34], p < 0.045), 

ejection fraction (HR [95% CI] = 0.8 [0.76–0.94], p < 0.001). Finally, the Kaplan–Meier curve 

(Figure 2) representing long-term survival according to gender does not show significant 

differences for either in-hospital or 1-year mortality between the two groups examined. 

Figure 1. In-hospital mortality according to cardiac death and COVID-19 infection.

Similar results were found if the analysis was performed according to female gender:
ejection fraction (HR [95% CI] = 0.84 [0.74–0.95], p < 0.005) and COVID-19 diagnosis (HR
[95% CI] = 10.45 [1.74–62.73], p < 0.01).

One year mortality was 7.5% in the whole population without significant gender-
related differences in this setting (7.0% man vs. 9.2% women, p = ns). In the multivari-
ate analysis, ejection fraction (HR [95% CI] = 0.94 [0.89–0.98], p < 0.007) and age (HR
[95% CI] = 1.06 [1.02–1.11], p < 0.006) were the only two independent predictors of mortal-
ity, while the impact of COVID-19 infection was no longer significant. Similar results were
reached performing the analysis only among women: age (HR [95% CI] = 1.2 [1.00–1.34],
p < 0.045), ejection fraction (HR [95% CI] = 0.8 [0.76–0.94], p < 0.001). Finally, the Kaplan–
Meier curve (Figure 2) representing long-term survival according to gender does not
show significant differences for either in-hospital or 1-year mortality between the two
groups examined.
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3. Discussion

Despite the great improvements both in technology and pharmacological therapy,
STEMI remains a very high-risk clinical condition with a significant mortality rate [26]. The
COVID-19 pandemic influenced both illness development and, above all, the management
of patients hospitalized for STEMI starting from spring 2020. Several studies reported a
drastic reduction of ACS during the pandemic, with, on the other hand, an increase in
mortality, particularly among STEMI patients [24,25]. This could be explained by the lower
access rate to the Emergency Department due to fear of COVID-19 infection, with conse-
quent late diagnosis and poor prognosis. Moreover, due to the concomitant respiratory
impairment and the multiorgan involvement typical of this pathology, patients presenting
with STEMI and concomitant COVID-19 infection seem to have a poorer outcome [27,28].
As reported in literature [29], our population showed a high in-hospital mortality, mainly
driven by the dramatic mortality rate especially during the first phase of the pandemic
period [30]. As reported in Figure 1, the high mortality rate was mainly driven by a six-
times greater incidence of respiratory complications among COVID-19 patients. The female
gender appeared to be less prone to COVID-19 infection, probably due to the differences in
inflammatory and immune response to the genetic profile and to the different hormone lev-
els, with consequent lower risk of developing severe symptoms and lower mortality [31,32].
On the other hand, several studies in the literature reported a higher mortality rate for
female STEMI patients with a less invasive approach, above all in specific socio-economic
and cultural areas [7,8]. A German national study showed a 7% increase in in-hospital
mortality in STEMI female patients independently from the presence of the main cardiovas-
cular risk factors at baseline [33]. Similar results were reported in a subanalysis of the large
SWEDEHEART registry with a higher short-term mortality among female STEMI patients
strongly related to age [34]. Nowadays, older STEMI patients are treated invasively, more
and more. A study published in 2018 involved 337 elderly STEMI patients hospitalized and
all treated with pPCI [35]. The patients were divided according to gender: female (n = 117,
mean age 73.4 ± 9.6 years) and male (n = 220, mean age 71.7 ± 8.6 years). The incidence
of in-hospital MACE was similar, confirming the safety and efficacy of pPCI in elderly
patients, independent of gender. Our study focused on STEMI patients hospitalized in our
hub center, treated with urgent coronary angiography and pPCI, if needed, in the darkest
period of the COVID-19 pandemic. In line with the previous literature, our population
was composed of 26.8% females with a mean age higher than the men (72.1± 11.2 vs.
64.7 ± 12.6 years, p < 0.001). The main cardiovascular risk factors were similar between
the two groups except for smoker status, more common in men. Anterior STEMI was
the most represented with a mildly reduced ejection fraction (EF 48.3 ± 11.8%) reported
without significant differences between genders. Coronary angiography showed a more
extensive CAD in men, while women presented with a higher Killip class at admission
and a more pronounced anemic status, both well-recognized negative prognostic factors
during STEMI [7]. Even though older age and comorbidities were reported as the most
common causes of poor prognosis among women with STEMI, our study did not show any
significant differences in mortality both at short- and mid-term follow up. Reduced ejection
fraction was the only independent predictor for in-hospital and 1-year mortality, due to its
strict correlation with acute myocardial damage and residual cardiac function [36,37]. In
the acute phase, the only other independent predictor of mortality was COVID-19 infection,
secondary to the higher rate of respiratory complications, without any difference in terms
of cardiac death. Similar results were found when the data were analyzed according to
gender. Conversely, the impact of COVID-19 infection was completely lost by the 1-year
follow up, where the only other independent predictor of mortality for both genders, in
addition to EF, was older age. Our study showed an absence of gender impact on STEMI
patient outcomes, even during a historical period which should have negatively influenced
the management of these high-risk patients. In line with our results, other studies showed
similar short- and long-term mortality between genders among STEMI patients, identifying
age as the only possible confounding factor. The large ISACS-TC registry involving a total
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of 8834 STEMI patients showed that younger age was associated with a higher mortality
rate in women, even after adjustment for confounding factors such as medical treatment,
pPCI and other comorbidities. This difference decreased after the age of 60 and disappeared
in older age groups [38]. On the other hand, one ad hoc study, which enrolled a total of
212 young STEMI patients (aged between 18 and 40) treated with pPCI between 2015 and
2019, showed a similar mortality rate both at short-term and at 1-year follow up [39]. All
these findings underline that several controversies regarding the impact of gender in the
STEMI setting are still present, probably due to several biases in the available studies. In
fact, the female gender is generally underrepresented in studies regarding cardiovascular
diseases (often less than 1/3 of the whole population). This is more evident in observational
studies due to the lower incidence of cardiovascular diseases in women, especially in the
younger age group. Women included were consequently more often fragile and with higher
comorbidities. This is also the major limitation of our observational study in which females
were underrepresented and older than the men, as reported in literature, but with a similar
outcome, probably due to the homogeneous treatment both from the interventional and
the pharmacological points of view. European and American cardiology societies suggest
improving this issue with equal gender representation, especially in the case of randomized
controlled trials, in order to generate solid data with definite gender-specific results.

4. Materials and Methods

We retrospectively analyzed consecutive STEMI patients hospitalized from 15 March
2020 to 15 March 2021 in our Hub centre in Milan, Lombardy. All clinical, demographic,
and procedural characteristics were collected in a dedicated database. Hypertension was
defined as a systolic blood pressure of ≥140 mmHg and/or a diastolic blood pressure
of ≥90 mmHg or the presence of specific therapy at admission. Diabetes mellitus was
defined as a fasting blood glucose of >126 mg/dL, a random blood sugar of >200 mg and
associated symptoms, a glycated hemoglobin (HbA1C) > 6.5% or specific therapy upon ad-
mission. Anemia was defined as hemoglobin levels below 13.0 g/dL in men and 12.0 g/dL
in women. Renal function was evaluated using the Cockcroft–Gault formula deriving the
estimated glomerular filtration rate (eGFR). Blood tests and nasopharyngeal swab tests for
the diagnosis of SARS-CoV-2 were collected at admission and during hospitalization. Left
ventricular ejection fraction (EF) was calculated using standard transthoracic echocardiogra-
phy with Simpson’s biplane method. Total ischemic time (time from symptoms onset to the
restoration of coronary flow) was calculated for each patient. Urgent coronary angiography
and primary percutaneous coronary intervention (pPCI) were performed using radial or
femoral approach, at the discretion of the operator. Critical stenosis was defined if >70%
and relative to vessels with dimensions ≥ 1.5 mm in diameter. Multivessel disease was
defined as the presence of critical stenosis in at least two vessels (≥2 mm). Successful
procedure was defined by a TIMI degree of coronary flow > 2 being obtained in all the
coronary branches [40]. Cardiac death was defined as cases of fatal arrhythmia, cardiogenic
shock or mechanical complication. Respiratory pattern was registered at admission and
monitored during the recovery. Respiratory complication was defined as a need for an
increase in ventilatory support in respect to the admission. Ischemic stroke, non-fatal MI,
major bleeding, defined from type 3 to 5 according to Bleeding Academic Research Consortium
(BARC) criteria and urgent unplanned revascularization were identified as in-hospital ad-
verse events. Patient follow-up was carried out through clinical visits, telephone calls and
remote monitoring through the “Lombardia Regional Registry”. The study was performed
in accordance with the Declaration of Helsinki and all patients signed a disclosure for the
use of personal data that were collected anonymously. Statistical analysis was performed
with the SPSS 23 statistical package. Continuous data were expressed as mean ± standard
deviation (SD), and categorical data as percentage. Analysis of variance and chi-square
test were performed for continuous and categorical variables, respectively. Univariate and
multivariate analyses were performed by logistic regressions, and a p-value < 0.05 was
considered significant.
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5. Limitations

This study has some limitations, starting with its retrospective nature and the lower
sample size of the female subgroup as often reported in most of the current literature.
Another important limitation is the low number of COVID-19 patients that limited the
statistical analysis in this high-risk subgroup. Finally, the retrospective nature of the study
and the kind of follow-up performed restricted the clinical endpoint to mortality only.

6. Conclusions

Our study has shown that female gender in STEMI patients does not represent an
independent predictor of mortality both in the short- and in the mid-term follow up.
Concomitant COVID-19 infection significantly influenced in-hospital mortality due to the
higher rate of respiratory complications in both genders. The impact of COVID-19 on
mortality was completely lost at follow-up, where age and a reduced EF remained the only
independent predictors, regardless of gender.
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