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Abstract: Background. Several reports have demonstrated the impact of the COVID-19 pandemic on
the management and outcome of patients with ST-segment elevation myocardial infarction (STEMI).
The aim of the current analysis is to investigate the potential gender difference in the effects of the
COVID-19 pandemic on mechanical reperfusion and 30-day mortality for STEMI patients within the
ISACS-STEMI COVID-19 Registry. Methods. This retrospective multicenter registry was performed
in high-volume primary percutaneous coronary intervention (PPCI) centers on four continents and
included STEMI patients undergoing PPCIs in March–June 2019 and 2020. Patients were divided
according to gender. The main outcomes were the incidence and timing of the PPCI, (ischemia time
≥ 12 h and door-to-balloon ≥ 30 min) and in-hospital or 30-day mortality. Results. We included
16683 STEMI patients undergoing PPCIs in 109 centers. In 2020 during the pandemic, there was a
significant reduction in PPCIs compared to 2019 (IRR 0.843 (95% CI: 0.825–0.861, p < 0.0001). We did
not find a significant gender difference in the effects of the COVID-19 pandemic on the numbers of
STEMI patients, which were similarly reduced from 2019 to 2020 in both groups, or in the mortality
rates. Compared to prepandemia, 30-day mortality was significantly higher during the pandemic
period among female (12.1% vs. 8.7%; adjusted HR [95% CI] = 1.66 [1.31–2.11], p < 0.001) but not
male patients (5.8% vs. 6.7%; adjusted HR [95% CI] = 1.14 [0.96–1.34], p = 0.12). Conclusions. The
COVID-19 pandemic had a significant impact on the treatment of patients with STEMI, with a
16% reduction in PPCI procedures similarly observed in both genders. Furthermore, we observed
significantly increased in-hospital and 30-day mortality rates during the pandemic only among
females. Trial registration number: NCT 04412655.

Keywords: gender; ST-segment elevation myocardial infarction; percutaneous coronary intervention;
COVID-19

1. Introduction

The SARS-CoV-2 virus has largely and rapidly spread across the world, infecting
more than 300 million people, with more than 5 million deaths [1,2]. The COVID-19
pandemic has severely impacted our healthcare systems, with the subsequent suspension
of elective procedures and treatment of chronic conditions. Despite the maintenance of
services for the management of urgent conditions, such as acute coronary syndromes,
several previous reports have clearly shown a reduction in the number of treated acute
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coronary cases, mainly due to the fear of contagion that prevents patient presentation to
hospitals [3–5]. Additionally, the time from symptom onset to treatment has significantly
risen [6–8], secondary to the oversaturation of emergency departments, which contributes to
explaining the higher mortality among STEMI patients observed in 2020. These results were
confirmed by the recent International Study on Acute Coronary Syndromes—ST Elevation
Myocardial Infarction (ISACS-STEMI) COVID-19 Registry [9], which provided a snapshot
on the treatment and outcomes of STEMI patients treated with primary angioplasty during
the COVID-19 pandemic in more than one hundred hospitals worldwide.

Male gender has been associated with a higher risk of COVID-19 infection compared to
females, with higher rates of complications and worse outcomes [10,11]. Oppositely, among
STEMI patients, females generally display more comorbidities and higher mortality [12,13].
However, thus far no study has investigated any potential gender difference in the impact
of COVID-19 on STEMI cases treated percutaneously or clinical outcomes, with special
attention to major high-risk features such as age, diabetes, smoking, and hypertension [14],
which is the aim of the current study.

2. Methods
Study Design and Population

This is a large-scale retrospective multicenter registry promoted by Eastern Piedmont
University, Novara, Italy. The initial planning included European primary PCI centers [9],
but the study was subsequently extended to several other regions in different continents
(Latin America, southeast Asia, and north Africa). Included centers were required to
perform more than 120 primary PCI/year (with an expected average >10/month), with
the STEMI caseload not expected to undergo a planned reorganization of the STEMI
network. The initial inclusion period was 2 months (from 1 March until 30 April) but was
subsequently prolonged to 30 June 2020. The data were compared with those retrospectively
collected during the same months of 2019 (from 1 March until 30 June).

Inclusion criteria: STEMI treated with primary angioplasty (including mechanical
reperfusion for failed thrombolysis).

Data Collection: Anonymized data were collected through a dedicated CRF. Each
center identified a local Principal Investigator. Demographic, clinical, and procedural
data, including total ischemia and door-to-balloon time, referral to primary PCI facility,
COVID-19 positivity, PCI procedural data, and in-hospital mortality were recorded. Data
were centralized and managed at Eastern Piedmont University.

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),
as previously described [9]. Quantitative variables were described using medians and
interquartile ranges. Means and confidence intervals were obtained assuming Poisson dis-
tributions for counted data. Incidence rate ratio (IRR) was defined as the ratio between the
counted data in 2020 and the counted data in 2019. Data were normalized for the different
sizes of national populations and for the possible different time periods of observation, and
we considered the number of STEMI per million residents in the corresponding population
in a year (https://knoema.com/atlas/topics/Demographics; accessed on 17 December
2022). Poisson regression models (with log link function) were applied to compare the
incidence rates of primary PCIs per million residents per year in 2020 with the same rates in
2019, correcting for possible impacts of major risk factors [15]. Details are described in the
Supplementary Materials (Section 1.1). Analyses were also conducted according to major
European geographic areas (see Supplementary Materials) and subgroups of patients, such
as age, gender, diabetes, and hypertension.

A subsequent analysis was based on individual patient data, which were grouped
according to the year of the intervention (2019 vs. 2020). Absolute frequencies and percent-
ages were used for qualitative variables. ANOVA or Mann–Whitney and chi-squared tests
were used for continuous and categorical variables, respectively. Normal distribution of
continuous variables was tested with the Kolmogorov–Smirnov test.

https://knoema.com/atlas/topics/Demographics
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Multivariable logistic regression analyses were performed to identify the impact of the
year of intervention on time delays and mortality after adjusting for baseline confounding
factors between the two groups. Gender heterogeneity was assessed by the insertion of an
interaction term in the regression analysis. All significant variables (set at a p-values < 0.1)
were entered in a block into the model. Interaction was tested by the use of A, and p < 0.05
was considered statistically significant. The data coordination center was established at
Eastern Piedmont University.

Study endpoints. The primary study endpoint was the number of primary PCIs per
million residents. Secondary study endpoints were the in-hospital and 30-day mortality.

Sample size calculation. In view of the observational nature of this registry, no sample
size calculations or statistical power analyses were performed.

3. Results

A total of 109 centers participated (Table S1), leading to the inclusion of 16,674 STEMI
patients, of whom 9044 admitted in 2019 and 7630 in 2020, including 12,164 (75.6%) males
and 3919 (24.4%) females.

The number of STEMI patients treated percutaneously per million residents showed a
consistent reduction, on average, from 559 (95% CI 514–607) in 2019 to 477 (95% CI 435–522)
in 2020. (Figure 1 and Figures S1–S3). The incidence rate ratio (IRR) was 0.843 (95% CI
0.825–0.861, p < 0.0001), showing a significant reduction of 15.7% in the number of STEMI
cases from 2019 to 2020.
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Figure 1. Box-and-whisker plot (on the left) showing the numbers of STEMI patients treated by
mechanical reperfusion per million inhabitants/year in 2019 and 2020. The right graph shows the
incidence rate ratio with 95% confidence intervals across each center.

We did not find a significant gender-related reduction (p interaction = 0.14), with
similar reductions in both sexes. Among males, the number of STEMI patients treated
percutaneously per million residents had a consistent reduction, on average, from 823 (95%
CI 768–881) in 2019 to 721 (95% CI 669–776) in 2020 (incidence rate ratio (IRR) of 0.852
(95% CI 0. 803, 0.903) < 0.0001) (Figures 1 and S1). Significant heterogeneity was observed
among the centers (IRRs had high variability among centers measured by a std error =0.28
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in a random effect Poisson model; comparison with a fixed effect Poisson model provided
an ANOVA chi-squared test with p < 0.001) (Figure 1).

Among women, the number of STEMI patients treated percutaneously per million
residents had a consistent reduction, on average, from 277 (95% CI 245–312) in 2019 to 223
(95% CI 195–254) in 2020 (IRR 0.822 (95 % CI 0.764, 0.885) < 0.0001) (Figures 1 and S2).

Significant heterogeneity was observed among the centers (IRRs had high variability
among centers measured by a std error = 0.33 in a random effect Poisson model; comparison
with a fixed effect Poisson model provided an ANOVA chi-squared test with p < 0.001)
(Figure 1).

The heterogeneity among centers was not related to the incidence of COVID-19 infec-
tion or to COVID-related mortality (Figures S3–S6). In fact, in both genders the reduction
in STEMI procedures was not associated with either of the following: the national number
of COVID-19-positive patients at both 30 April (males: r = 0.065, p-value = 0.502; females:
r = −0.108, p-value = 0.264) and 30 June (males r = 0.133, p-value = 0.169, Figure S3; females:
r = −0.017, p-value = 0.860, Figure S4) or the national number of COVID-related deaths at
30 April (males: r = 0.031, p-value = 0.748; females: r = −0.133, p-value = 0.167) and 30 June
(males: r = −0.002, p-value =0.983, Figure S5; females r = −0.121, p-value = 0.212, Figure
S6). Among males, almost all participating continents had significant reductions in STEMI
patients (Figures S7 and S8), whereas among females this was observed only for European
centers (Figures S9 and S10).

Furthermore, we used a Poisson regression to investigate in both male and female
patients the reductions in STEMI according to subgroup, including age, hypertension,
diabetes, and smoking. We found significant differences in these reductions between
smokers (IRR (95% CI) = 0.819 (0.793, 0.846), p < 0.0001) and nonsmokers in males (IRR
(95% CI) = 0.931 (0.896, 0.967), p < 0.0001)) (Figures S14 and S15) (p int < 0.0001), whereas
among female patients we found a significant difference between diabetic (IRR (95% CI)
= 0.916 (0.846, 0.992), p = 0.031) and nondiabetic patients (IRR (95% CI) = 0.792 (0.752, 0.833),
p < 0.0001) (p int = 0.002) (Figures S13 and S16) and between elderly (IRR (95% CI) = 0.757
(0.700, 0.819), p < 0.0001) and young patients (IRR (95% CI) = 0.855 (0.812, 0.900), p < 0.0001)
(p = 0.011) (Figures S11 and S16).

4. Baseline Demographic and Clinical Characteristics

Individual data analysis was restricted to 16,083 patients with complete demographic,
clinical, procedural, and outcome data (complete cases: 96.4%), with 8698 in 2019 and 7385
in 2020. Table 1 shows the baseline characteristics of male and female patients according to
year of intervention. Males treated in 2019 had a larger prevalence of smoking (p = 0.003)
and family history of CAD (p = 0.034) and a different geographic distribution (p = 0.001)
compared to 2020, whereas females treated in 2020 were younger than those treated in 2019.

As shown in Table 1, the COVID-19 pandemic was associated with longer ischemia
time in both genders, whereas a significantly longer door-to-balloon time was observed
only in male patients (Figure 2).

The association between the COVID-19 pandemic and ischemia times longer than
12 h was confirmed after correction for baseline clinical confounders in males (adjustment
for geographic area, family history of CAD, smoking, radial access, door-to-balloon time
> 30 min, additional PCI, COVID-19 positivity, and in-hospital RASI therapy; adjusted
OR = 1.32 [1.12–1.55], p < 0.001), but not in female patients (adjustment for age, intravenous
antiplatelet therapy, additional PCI, COVID-19 positivity, and in-hospital RASI therapy;
adjusted OR = 1.16 [0.95–1.411, p = 0.14). No significant interactions were observed for
major risk factors among male (age, p = 0.93; diabetes, p = 0.50; hypertension, p = 0.13;
smoking, p = 0.96) and female patients (age, p = 0.84; diabetes, p = 0.52; hypertension,
p = 0.18; smoking, p = 0.29).

The association between the COVID-19 pandemic and door-to-balloon times longer
than 30 min was confirmed after correction for baseline clinical confounders in male patients
(adjustment for geographic area, family history of CAD, smoking, radial access, ischemia



J. Clin. Med. 2023, 12, 896 7 of 15

time > 12 h, additional PCI, COVID-19 positivity, and in-hospital RASI therapy; adjusted
OR =1.1 [1.03–1.2], p = 0.007). No significant interactions were observed for major risk
factors among male patients (age, p = 0.89; diabetes, p = 0.87; smoking, p = 0.9), with the
exception of hypertension (p = 0.022).

Table 1. Baseline demographic and clinical characteristics.

2019 Males
(n = 6571)

2020 Males
(n = 5593) p-Value 2019 Females

(n = 2127)
2020 Females

(n = 1792) p-Value

Age—median [IQR] 61 [53–69] 61 [53–70] 0.85 68 [59–79] 67 [58–78] 0.01 *
Elderly (>75 y)—n (%) 967 (14.7) 805 (14.4) 0.624 715 (33.6) 560 (31.3) 0.615
Medical History
Hypertension—n (%) 3375 (51.4) 2896 (51.8) 0.647 1370 (64.4) 1172 (65.4) 0.517
Diabetes mellitus—n (%) 1458 (22.2) 1228 (22) 0.758 580 (27.3) 546 (30.5) 0.027
Hypercholesterolemia—n (%) 2591 (39.4) 2150 (38.4) 0.265 854 (40.2) 758 (42.3) 0.173
Smoker—n (%) 3972 (60.4) 3233 (57.8) 0.003 857 (40.3) 724 (40.4) 0.944
Family history of CAD—n (%) 1409 (21.4) 1112 (19.9) 0.034 426 (20) 351 (19.6) 0.730
Previous STEMI—n (%) 680 (10.3) 575 (10.3) 0.903 152 (7.1) 136 (7.6) 0.596
Previous PCI—n (%) 855 (13) 781 (14) 0.125 183 (8.6) 174 (9.7) 0.231
Previous CABG—n (%) 120 (1.8) 98 (1.8) 0.759 24 (1.1) 30 (1.7) 0.144
Geographic area 0.001 0.089
Europe—n (%) 5201 (79.2) 4378 (78.3) 1782 (83.8) 1453 (81.1)
Latin America—n (%) 446 (6.8) 523 (9.4) 184 (8.7) 197 (11)
Southeast Asia—n (%) 613 (9.3) 506 (9) 93 (4.4) 81 (4.5)
North Africa—n (%) 311 (4.7) 186 (3.3) 68 (3.2) 61 (3.4)
Referral to Primary PCI Hospital
Type
Ambulance (from community)—n (%) 3111 (47.3) 2680 (47.9) 0.782 1051 (49.4) 896 (50) 0.616
Direct access to hub—n (%) 1896 (28.9) 1585 (28.3) 553 (26) 479 (26.7)
Transfer from spoke—n (%) 1564 (23.8) 1328 (23.7) 523 (24.6) 417 (23.3)
Time delays
Ischemia time—median [25–75th] 190 [120–340] 213 [129–390] <0.001 215 [130–390] 240 [140–433] <0.001 *
Total ischemia time

<0.001 0.015
<6 h—n (%) 5078 (77.3) 4063 (72.6) 1544 (72.6) 1237 (69)
6–12 h—n (%) 931 (14.2) 881 (15.8) 353 (16.6) 334 (18.6)
12–24 h—n (%) 376 (5.7) 417 (7.5) 161 (7.6) 134 (7.5)
>24 h—n (%) 186 (2.8) 232 (4.1) 69 (3.2) 87 (4.9)
Total ischemia time > 12 h—n (%) 562 (8.6) 649 (11.6) <0.001 230 (10.8) 221 (12.3) 0.138
Door-to-balloon time—median [25—75th] 39 [25–62] 40 [25–70] <0.001 40 [25–70] 40 [25–70] 0.2 *
Door-to-balloon time

<0.001 0.556
<30 min—n (%) 2730 (41.5) 2165 (38.7) 849 (39.9) 689 (38.4)
30–60 min—n (%) 2161 (32.9) 1836 (32.8) 684 (32.2) 578 (32.3)
>60 min—n (%) 1680 (25.6) 1592 (28.5) 594 (27.9) 525 (29.3)
Door-to-balloon time > 30 min—n (%) 3841 (58.5) 3428 (61.3) 0.001 1278 (60.1) 1103 (61.6) 0.349
Clinical Presentation
Anterior STEMI—n (%) 3036 (46.2) 2657 (47.5) 0.151 950 (44.7) 803 (44.8) 0.927
Out-of-hospital cardiac arrest—n (%) 400 (6.1) 346 (6.2) 0.821 115 (5.4) 95 (5.3) 0.547
Cardiogenic shock—n (%) 460 (7) 396 (7.1) 0.551 165 (7.8) 148 (8.3) 0.564
Rescue PCI for failed thrombolysis—n (%) 468 (7.1) 364 (6.5) 0.181 137 (6.4) 130 (7.3) 0.314

* Mann–Whitney test. CAD—coronary artery disease; STEMI—ST-segment elevation myocardial infarction;
PCI—percutaneous coronary intervention; CABG—coronary artery bypass graft.

No differences were observed in the rates of cardiogenic shock at presentation, infarct
location, out-of-hospital cardiac arrest, or rescue procedures after failed thrombolysis.

5. Procedural Characteristics

Concerning procedural characteristics (Table 2), the uses of DES (89.9% vs. 88.5%,
p = 0.013) and radial access (79.3% vs. 75.5%, p < 0.001) were more frequent in 2020 (92.7%
vs. 90.6%, p = 0.003) among male patients, whereas female patients had larger use of
intravenous antiplatelet therapies in 2020 compared to 2019 (18.6% vs. 15.4%, p = 0.007).
Additional in-hospital PCI and RASI therapies were observed more often in 2020 compared
to 2019 in both groups.
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Table 2. Angiographic and procedural characteristics.

2019 Males
(n = 6571)

2020 Males
(n = 5593) p-Value 2019 Females

(n = 2127)
2020 Females

(n = 1792) p-Value

Radial access—n (%) 4960 (75.5) 4438 (79.3) <0.001 1563 (73.5) 1307 (72.9) 0.699
Culprit vessel

0.395 0.820

Left main—n (%) 110 (1.7) 88 (1.6) 31 (1.5) 23 (1.3)
Left anterior descending
artery—n (%) 3025 (46.1) 2585 (46.2) 964 (45.3) 786 (43.9)

Circumflex—n (%) 967 (14.7) 867 (15.5) 279 (13.1) 237 (13.2)
Right coronary artery—n (%) 2416 (36.8) 2007 (35.9) 844 (39.7) 734 (41)
Anterolateral branch—n (%) 23 (0.4) 13 (0.2) 2 (0.1) 3 (0.2)
SVG—n (%) 30 (0.5) 33 (0.6) 7 (0.3) 9 (0.5)
In-stent thrombosis—n (%) 274 (4.2) 227 (4.1) 0.758 65 (3.1) 66 (3.7) 0.277
Vessel disease—n (%)

0.216 0.526
1 3311 (50.4) 2788 (49.8) 1151 (54.1) 947 (52.8)
2 1902 (28.9) 1695 (30.3) 572 (26.9) 511 (28.5)
3 1358 (20.7) 1110 (19.8) 404 (19) 334 (18.6)
Preprocedural TIMI 0 flow—n
(%) 4422 (67.3) 3784 (67.7) 0.673 1344 (63.2) 1181 (65.9) 0.077

Thrombectomy—n (%) 1115 (17) 921 (16.5) 0.460 287 (13.5) 240 (13.4) 0.927
Stenting—n (%) 6056 (92.2) 5141 (91.9) 0.620 1942 (91.3) 1627 (90.8) 0.487
Drug-eluting stent—n (%) 5814 (88.5) 5027 (89.9) 0.013 1842 (86.6) 1571 (87.7) 0.321
Postprocedural TIMI 3 flow—n
(%) 6104 (92.9) 5188 (92.8) 0.775 1926 (90.6) 1603 (89.5) 0.253

Gp IIb-IIIa
inhibitors/cangrelor—n (%) 1426 (21.7) 1180 (21.1) 0.419 327 (15.4) 334 (18.6) 0.007

Bivalirudin—n (%) 25 (0.4) 14 (0.3) 0.206 9 (0.4) 4 (0.2) 0.278
Mechanical support—n (%) 190 (2.9) 192 (3.4) 0.088 56 (2.6) 59 (3.3) 0.223
Additional PCI

0.009 0.046During index procedure—n (%) 605 (9.2) 599 (10.7) 182 (8.6) 190 (10.6)
Staged—n (%) 702 (10.7) 629 (11.2) 184 (8.7) 171 (9.5)
DAPT therapy—n (%) 6492 (98.8) 5539 (99) 0.211 2101 (98.8) 1773 (98.9) 0.635
In-hospital RASI—n (%) 3552 (54.1) 3293 (58.9) <0.001 1074 (50.5) 978 (54.6) 0.011
In-hospital mortality—n (%) 310 (4.7) 302 (5.4) 0.086 147 (6.9) 179 (10) 0.001
30-day mortality—n (%) 343 (5.8) 332 (6.7) 0.074 161 (8.7) 191 (12.1) 0.001

TIMI—thrombolysis in myocardial infarction; DAPT—dual antiplatelet therapy.

6. In-Hospital and 30-Day Mortality

A significantly higher in-hospital mortality rate was observed in 2020 compared to 2019
in females (10% vs. 6.9%, OR [95% CI] = 1.44 [1.17–1.78], p < 0.001), but not in male patients
(4.7% vs. 5.4%, OR [95% CI] = 1.14 [0.98–1.34], p = 0.086) (Figure 2) (p interaction = 0.069).
The mortality rates were extremely high among COVID-19-positive patients (n = 109: 80
males and 29 females), especially among males (28.8% vs. 4.9%, p < 0.001) compared to
female patients (17.2% vs. 8.3%, p = 0.081) (p interaction = 0.022).

These results were confirmed after correction for all potential confounding factors
(female patients: adjustment for age, ischemia time, intravenous antiplatelet therapy,
additional PCI, COVID-19 positivity, in-hospital RASI therapy (adjusted OR [95% CI] = 1.71
[1.34–2.18], p < 0.001); male patients: adjustment for geographic area, family history of CAD,
smoking, radial access, door-to-balloon time > 30 min, ischemia time > 12 h, additional PCI,
COVID-19 positivity, and in-hospital RASI therapy (adjusted OR [95% CI] = 1.17 [0.98-1.39],
p = 0.081).
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Figure 2. Bar graphs on the left side show the association between the year of intervention and
time delays (ischemia times longer than 12 h in left upper graph; door-to-balloon times longer than
30 min in left lower graph). Bar Graphs on the right side show the association between the year of
intervention with in-hospital (right upper graph) and 30-day mortality (right lower graph) rates.

Data on 30-day mortality were available for 14303 individuals (88.9%). Patients treated
in 2020 had significantly higher mortality in female (12.1% vs. 8.7%, HR [95% CI] = 1.66
[1.31–2.11], p < 0.001) but not male patients (5.8% vs. 6.7%, HR [95% CI] = 1.14 [0.99–1.32],
p = 0.074) (p int = 0.1). The results were confirmed after adjustment for confounders
(adjusted HR [95% CI] =1.52 [1.21–1.92], p < 0.001; adjusted HR [95% CI] = 1.14 [0.96–1.36],
p = 0.12, respectively) (Figure 3).
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7. Discussion

The ISACS-STEMI COVID-19 Registry represents the largest registry worldwide,
including more than 16000 STEMI patients undergoing primary PCIs during the COVID-19
pandemic treated from March to June in both 2019 and 2020, and it is the first addressing
gender-related issues of the COVID-19 pandemic on the management of STEMI. Despite no
gender-related difference in the number of primary PCI procedures during the pandemic
period, as well as a longer time to reperfusion observed among males, the pandemic had a
remarkable impact on 30-day mortality, especially among female patients.

Female gender, in fact, represents an established major determinant of negative out-
comes in the setting of STEMI. Increased rates of comorbidities, more advanced age at
presentation, and frailty have been generally claimed for this higher mortality, in addi-
tion to longer time to treatment [16–18]. Indeed, more delayed presentation and atypical
symptoms have been reported more frequently among women, often preventing prompt
diagnosis and management, with lower rates of primary PCI procedures. In effect, De
Luca et al. clearly showed in two large cohorts of STEMI patients [19,20] that prognostic
differences disappeared after correction for baseline clinical and angiographic risk profiles.
In fact, female gender did not emerge as an independent predictor of mortality.

During the COVID-19 pandemic, initial reports from Chinese registries [21,22] and
subsequent European cohorts, including patients treated in March and April of 2019–
2020 [23,24], showed a remarkable reduction in the number of acute coronary patients
presenting to hospitals due to fear of the contagion. These data were subsequently con-
firmed in the larger ISACS-STEMI COVID-19 Registry, including patients from Europe,
America, north Africa, and Asia, although with wide variability (from −20 to −70%) com-
pared to prepandemic data [3–5,21–24]. In addition, challenges in logistics due to the
saturation of ambulance transportation systems and emergency departments, the shifting
of healthcare resources for the management of COVID-19 patients, and the need to establish
eventual positivity before admission could certainly have further contributed to prolonged
ischemia time, accounting for the higher mortality of STEMI patients during this period.

Thus, an even more severe impact of delayed reperfusion or no access to invasive strate-
gies during the COVID-19 pandemic could be expected, especially among females [25].

Moreover, hypovitaminosis D, which has emerged as a major contributor to increased
mortality and cardiovascular events, in addition to favoring the susceptibility and the
complications of COVID-19 infection, has been documented more frequently among fe-
males compared to males. In fact, the anti-inflammatory and antithrombotic properties
of calcitriol were suggested to contrast the pathophysiological mechanisms triggered by
the SARS-CoV-2 virus, as they involve endothelial damage and thrombosis, in addition to
preventing the development of atherosclerosis [26].

However, despite the expected negative effects of the pandemic among the more
fragile subsets of patients, including women, an opposite tendency for enhanced mortality
was documented for males experiencing COVID-19 pneumonia. An early report from
China have pointed to a sex imbalance with regards to the detected cases and case fatality
rates of COVID-19 [27], which was confirmed even in European countries despite more
contrasting data [28]. In addition, Galloway et al. [29], who analyzed over 1000 patients
acutely admitted to two London hospitals with COVID-19 and positive SARS-CoV-2 swabs,
identified twelve risk factors, including male gender, diabetes mellitus, hypertension, and
chronic lung disease, as predictors of critical care admission and death in people admitted
to hospitals with COVID-19. Indeed, higher rates of smoking, overweight patients, pre-
existing cardiovascular conditions, and other risk factors and behavioral differences could
favor the occurrence of respiratory and cardiovascular complications among men compared
to women, where hormonal assets generally promoted immune tolerance and were more
protective against thrombotic events [30].

Moreover, increasing evidence has suggested that sex and sex hormones could affect
many components of the renin-angiotensin system, including a lower expression of ACE2
in women [31,32], which has been identified as a gatekeeper for the SARS-CoV-2 infection.
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Thus far, few studies have compared the impact of the COVID-19 pandemic on the
treatment and prognosis of STEMI among male and female patients. De Rosa et al. recently
described a greater STEMI rate of decline for women than for men (41.2% vs. 17.8%) [33],
although a subsequent larger study including over 2000 patients concluded that the
COVID-19 pandemic period closed the gap between men and women in ACS, with sim-
ilar rates of reduction in hospitalized patients. Furthermore, many typical differences
between males and females regarding ischemic heart disease presentations, including more
advanced age in women and vessel distribution, were leveled [34].

Similarly, Huynh et al. observed a larger reduction in the incidence of acute myocardial
infarction predominantly among women aged over 70 years [35].

The present subanalysis of the ISACS-STEMI COVID-19 Registry conducted in high-
volume primary PCI centers on several continents (Europe, Latin America, southeast Asia,
and north Africa) provided relevant, reliable information to this controversial debate. We
found a significant reduction in the number of STEMI patients undergoing mechanical
reperfusion, with no difference according to gender. However, in the subgroup analysis, we
observed a relevant interaction between male gender and smoking and greater reductions
in female patients for elderly and diabetic patients, consistent with other small-sized
registries [33,34].

Indeed, as previously suggested, a higher prehospital mortality rate in patients with
more advanced age could condition the selection of a younger population of patients
accessing primary PCI facilities.

In addition, whilst in the pre-COVID-19 era the time to reperfusion was more delayed
in females, in 2020 the prolongation of the time of ischemia was more evident in males,
which could be because of great fear of the contagion due to media updates on their worse
prognosis for COVID-19, thus preventing their presentation to hospitals.

Moreover, atypical symptoms, including dyspnoea, could occur more frequently,
leading to the misclassification of a certain proportion of STEMI patients, and COVID-19
positivity was more frequent among men, identifying a subpopulation of STEMI patients
with a very severe prognosis (28.8% mortality in males vs. 17.2% among females).

Nevertheless, although the longer time to treatment contributed to explaining the
overall higher mortality observed during this pandemic, as compared to 2019 in both sexes,
more delayed reperfusion in males did not translate into a greater risk of mortality. In
fact, female patients still maintained poorer outcomes, which was confirmed even after
correction for baseline differences. Higher thrombotic burden requiring larger use of
intravenous antiplatelet agents, as much as increased complexity of coronary multivessel
disease, could negatively affect the prognoses of these patients.

Confirming previous reports [10,11], we observed a significantly higher impact on
the mortality of SARS-CoV-2 positivity in male compared to female patients. Therefore,
COVID-19 infection per se could not explain the negative global impact of the pandemic
on outcomes more remarkably observed among females rather than male patients.

Nevertheless, the gender disparities observed during the COVID-19 pandemic, as well
as the changes in the patterns of presentation and the management of primary PCI therapies,
emphasize the need to understand the impact of sex on the incidence and pathophysiology
of the disease in order to tailor treatment according to sex and gender [32].

In light of the ongoing large vaccine campaign worldwide and the developments in
pharmacological drugs for the management of the infection, which have been suggested
to display potentially different efficacies and side effects according to gender, based on
available data, it is extremely important that scientific societies and health authorities
promote public campaigns in order to highlight the importance of the prompt recogni-
tion and response to characteristic symptoms of acute myocardial infarction to positively
impact the outcomes, especially among more frail categories of patients, such as those of
female gender.
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8. Limitations

As previously described [9], this study was limited by its retrospective design. It
was conducted during a challenging pandemic emergency, and we expected to encounter
missing data. Nevertheless, our main data analysis and conclusions were based on counts
and, therefore, the overall cohort of patients was included. Furthermore, even in the
analysis based on the full individual patient data, this limitation and the potential risk
of type-II error was largely overcome by the high rate of complete cases (>95%) and the
high statistical power due to the size of the study population. Even though in the present
registry of patients undergoing mechanical reperfusion we did not find any difference in
out-of-hospital cardiac arrest, we could not exclude that the reduction in STEMI patients
observed in 2020 may partly result from higher rates of prehospital death due to longer
delays to first medical contact, as described during the COVID-19 pandemic [9].

Finally, we could not provide any mechanistic insights to support our findings. There-
fore, future additional studies are certainly needed to further investigate and unveil the
potential pathophysiological mechanisms that may contribute to explaining our findings.

9. Conclusions

The COVID-19 pandemic had a significant impact on the treatment of patients with
STEMI, with a 16% reduction in PPCI procedures similarly observed in both genders. Even
though the pandemic impacted ischemia time more significantly among males, as well as
SARS-CoV-2 positivity on survival, we observed significantly increased in-hospital and
30-day mortality rates during the pandemic only among females.

Therefore, gender disparities in the treatment and outcomes of STEMI patients under-
going primary PCIs are not yet overcome, and efforts should be made in order to fill in the
prognostic gap.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12030896/s1, Figure S1: Results of Poisson regression analysis
in the male population to study the relationship between the number of primary PCI per million
of male residents/year in 2020 vs the number in 2019; Figure S2: This graph shows the results of
Poisson regression analysis in the female population to study the relationship between the number
of primary PCI per million of female residents/year in 2020 vs the number in 2019; Figure S3: This
graph shows in the male population the absence of significant relationship between the Incidence
Rate Ratio of each centre (on the log-scaled axis) and the number of national COVID-19 cases per
million of male residents. Blue lines refer to the predicted values (solid line) from Poisson model,
together with 95% prediction intervals (dashed lines). Red line refers to the situation of no COVID-19
effect (intercept term); Figure S4: This graph shows in the female population the absence of significant
relationship between the Incidence Rate Ratio of each centre (on the log-scaled axis) and the number
of national COVID-19 cases per million of female residents. Blue lines refer to the predicted values
(solid line) from Poisson model, together with 95% prediction intervals (dashed lines). Red line refers
to the situation of no COVID-19 effect (intercept term); Figure S5: This graph shows in the male
population the absence of significant relationship between the Incidence Rate Ratio of each centre (on
the log-scaled axis) and the number of national COVID-19 related deaths per million of male residents.
Blue lines refer to the predicted values (solid line) from Poisson model, together with 95% prediction
intervals (dashed lines). Red line refers to the situation of no COVID-19 effect (intercept term); Figure
S6: This graph shows in the female population the absence of significant relationship between the
Incidence Rate Ratio of each centre (on the log-scaled axis) and the number of national COVID-19
related deaths per million of female residents. Blue lines refer to the predicted values (solid line) from
Poisson model, together with 95% prediction intervals (dashed lines). Red line refers to the situation
of no COVID-19 effect (intercept term); Figure S7: Box-and-whisker plot showing the number of male
STEMI patients treated by mechanical reperfusion per million of male residents/year in 2019 and
2020 across 4 continents; Figure S8: Forest plots of the incidence rate ratio in the male population on
the log-scaled axis with 95% confidence interval across each continent (1: Europe, 2: Latin America, 3:
South East Asia, 4: North Africa); Figure S9: Box-and-whisker plot showing the number of female
STEMI patients treated by mechanical reperfusion per million of female residents/year in 2019 and
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2020 across 4 continents; Figure S10: Forest plots of the incidence rate ratio in the female population
on the log-scaled axis with 95% confidence interval across each continent (1: Europe, 2: Latin America,
3: South East Asia, 4: North Africa); Figure S11: Box-and-whisker plot showing the number of male
STEMI patients treated by mechanical reperfusion per million of male residents/year in 2019 and
2020 (left graph) and the number of female STEMI patients treated by mechanical reperfusion per
million of female residents/year in 2019 and 2020 (right graph) according to age (> or <75 years);
Figure S12: Box-and-whisker plot showing the number of male STEMI patients treated by mechanical
reperfusion per million of male residents/year in 2019 and 2020 (left graph) and the number of female
STEMI patients treated by mechanical reperfusion per million of female residents/year in 2019 and
2020 (right graph) according to hypertension; Figure S13: Box-and-whisker plot showing the number
of male STEMI patients treated by mechanical reperfusion per million of male residents/year in 2019
and 2020 (left graph) and the number of female STEMI patients treated by mechanical reperfusion per
million of female residents/year in 2019 and 2020 (right graph) according to diabetes; Figure S14: Box-
and-whisker plot showing the number of male STEMI patients treated by mechanical reperfusion per
million of male residents/year in 2019 and 2020 (left graph) and the number of female STEMI patients
treated by mechanical reperfusion per million of female residents/year in 2019 and 2020 (right graph)
according to smoking; Figure S15: Forest plots of the incidence rate ratio in the male population on the
log-scaled axis with 95% confidence interval according to major risk factors (Diabetes, Hypertension,
Age and Smoking); Figure S16: Forest plots of the incidence rate ratio in the female population on the
log-scaled axis with 95% confidence interval according to major risk factors (Diabetes, Hypertension,
Age and Smoking); Table S1: Characteristics of partecipating centers; Table S2: Incidence Rate Ratio
(IRR) and 95% Confidence Interval in each continent and according to the type of institution.
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