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Abstract: Between-sex differences in the presentation, risk factors, management, and outcomes of
acute myocardial infarction (MI) are well documented. However, as such differences are highly
sensitive to cultural and social changes, there is a need to continuously re-evaluate the evidence. The
present contemporary systematic review assesses the baseline characteristics of men and women
presenting to secondary, tertiary, and quaternary centres with acute myocardial infarction (MI).
Over 1.4 million participants from 18 studies, including primary prospective, cross sectional and
retrospective observational studies, as well as secondary analysis of registry data are included in
the study. The study showed that women were more likely than men to have a previous diagnosis
of diabetes, hypertension, cerebrovascular disease, and heart failure. They also had lower odds of
presenting with previous ischaemic heart disease and angina, dyslipidaemia, or a smoking history.
Further work is necessary to understand the reasons for these differences, and the role that gender-
specific risk factors may have in this context. Moreover, how these between-gender differences are
implicated in management and outcomes also requires further work.

Keywords: risk factors; myocardial infarction; sex; gender; women

1. Introduction

Sex- and gender-bias is ubiquitous within medicine [1–3]. Cardiovascular medicine,
and the management of myocardial infarction (MI) in particular, has long been considered
a ‘disease for men’. Yet, whilst there is a higher incidence of MI in men, women tend to
experience greater mortality when adjusting for age and other known confounders [4,5].
Women who survive also tend to report lower quality of life post-MI irrespective of age of
presentation [6,7].

Even for the most well-evidenced therapies such as percutaneous coronary interven-
tion (PCI), data overwhelmingly suggests that women are offered PCI less frequently,
whilst experiencing lower success rates and increased complication rates [5,8–10]. Such
differences span the entire spectrum of MI care, from acute treatment to chronic manage-
ment, with women also experiencing lower rates of enrolment in cardiac rehabilitation

J. Clin. Med. 2023, 12, 5163. https://doi.org/10.3390/jcm12155163 https://www.mdpi.com/journal/jcm
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programmes [11]. Adverse outcomes are exacerbated by ethnicity and socioeconomic
status, making subsets of the population particularly vulnerable [12].

Psychosocial factors and systemic bias are also key contributors to worse outcomes
in women [5,13]. Some data even suggests that adjusting for said bias all but removes the
gender-outcome gap [12]. Clinical guidelines are also susceptible, given that the majority
of the evidence base from which they are derived reports data collected disproportionately
from men [14].

Genetic and phenotypical differences between genders explain a proportion of the
differences in observed outcomes. For example, there are known gender differences in the
pathophysiology of MI. Women tend to experience a greater degree of plaque erosion and
embolisation, and also experience more diffuse atherosclerotic disease [15]. They are also
more likely to develop microvascular and endothelial dysfunction, making their pathology
less amenable to conventional therapies [15]. It follows, then, that the risk factors associated
with MI in women may not be the same as those associated with MI in men. Even for
shared risk factors, prevalence and associated risk are likely to vary. The same can be said
for presenting clinical features [16]. In turn, these factors are likely to contribute to delayed,
or incorrect diagnosis in women.

Considering the disproportionate risk faced by women, and the gender differences
in the pathophysiology and presentation of MI in women, it is not enough to merely be
cognisant of one’s own individual and systemic bias. We must instead evaluate the unique
and dynamically changing factors which drive gender-based differences in presentation and
outcomes, and integrate these findings into the evidence base underlying clinical guidelines
and decision making in clinical practice. For example, whilst previous systematic reviews
in this area have identified fixed risk factors in women, such as the post-menopausal loss
of oestrogenic protection [17], others have identified dynamic factors that are influenced
by changes to the cultural and political landscape including but not limited to physical
inactivity, dietary choices, cigarette smoking, and contraceptive choices [17–19]. Sex-specific
risk factors (which will not be addressed exhaustively in the present review) are also likely
to play a major role, but are not generally included in risk assessment algorithms in clinical
practice [5,15]. Greater understanding of these risk factors will inform better clinical and
policy decisions that are applicable to both men and women. It could be argued that work
in this field to date has contributed to the significant improvement already observed in
bridging the gendered MI gap [20].

A first step in updating the literature is to consider the presence of shared, known
cardiovascular risk factors between genders, and identify current knowledge gaps in the
field that require further investigation. We have performed a systematic review of the last
ten years of literature in order to achieve this.

2. Materials and Methods

The protocol for this systematic review was registered on PROSPERO (PROSPERO ID:
CRD42022373892). It was conducted in accordance with the PRISMA statement [21].

2.1. Selection Criteria

Studies were considered if they reported risk factors by gender in those who had expe-
rienced MI either as baseline characteristics, primary, or secondary outcome. Prospective
observational and retrospective observational studies of either primary or secondary data,
including data originating from registries, were considered. For inclusion, the paper must
have been published between January 2012 and September 2022, must have been written
in English (or translated), and must have been available via institutional access.

Study population/participant inclusion criteria: any adult ≥ 16 y/o presenting to a
secondary/tertiary care facility with myocardial infarction as defined by clinical evidence
of acute myocardial ischaemia with a rise of cardiac high-sensitivity cardiac troponin T
(>14 ng/L OR at least one value >99th percentile) or troponin I (>0.04 ng/mL at least
one value >99th percentile), within 6 h of the onset of symptoms and at least one of the
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following: symptoms of myocardial ischaemia (cardiac chest pain); new or increased and
persistent ST-segment elevation in at least two contiguous leads of ≥1 mm in all leads,
other than V2-3 where elevation is ≥2.5 mm in men <40 y/o, ≥2 mm in men > 40 y/o,
≥1.5 mm in women; new horizontal or downsloping ST depression ≥ 0.5 mm in two
contiguous leads and/or T wave inversion >1 m in two contiguous leads with prominent R
wave or R/S ratio > 1; pathological Q waves; new or recent onset left bundle branch block;
dynamic troponin T or I rise (>20% variation); regional wall motion abnormality evidenced
on cardiac imaging performed within the Emergency Department [22,23]. Alternatively,
studies were included if they fulfilled all other criteria and patients were deemed to have
acute coronary syndrome by the senior clinician in charge of their care if the criteria for
myocardial infarction was not otherwise explicitly described within the methodology, or if
appropriate local or regional definition of MI was applied.

2.2. Literature Search

Two researchers (JB, GNT) performed an initial database search of MEDLINE, EM-
BASE, and CENTRAL, which was conducted between 16 and 25 November 2022. Search
terms for each database can be found in Supplementary Materials.

2.3. Study Selection and Data Extraction

All titles were screened by seven researchers (JB, AW, GNT, NW, CS, VS, IS), split
into teams of two/three screening one database per team. If article titles were deemed to
meet inclusion criteria by the two screening researchers, they were uploaded to Mendeley
(Mendeley.com accessed on 20 November 2022; Mendeley Ltd., London, UK). References
were then downloaded as an RIS rile and uploaded to Rayyan (rayyan.ai 4 December 2022;
Rayyan Systems Inc., Cambridge, MA, USA). Duplicates were then removed.

Each article was then screened by a minimum of two researchers (all except JB, AK
and JCK) to assess suitability. Where there was non-consensus between the two screening
researchers, a third reviewer (JB) was sought from the research team. If the abstract was
deemed to meet inclusion criteria a full paper review was then conducted, again by two
researchers with a third opinion sought (primary author—JB) if there was non-consensus
after initial screening.

Data extraction was undertaken at the point at which the second, or third assessor if
non-consensus, deemed the study to meet inclusion criteria after full text review and
was undertaken by a group of three researchers (JB, AK, AC). Information extracted
included article title and DOI, citation and reference information, year of publication,
study type, country/countries of data collection, number of centres, start and end date of
data collection, recruitment method, participant characteristics and demographic details,
prevalence of reported risk factors, inpatient mortality by sex, and additional information
deemed relevant by the researcher.

2.4. Quality Assessment/Risk of Bias

Risk of bias assessment was undertaken if the second, or third assessor if non-
consensus, deemed the study to meet inclusion criteria after full text review. One researcher
not involved with initial data screening (AK) performed risk of bias assessment using
the Newcastle–Ottawa Scale [24]. Each study was assessed as either high, medium, or
low quality after assessment of the following domains: selection; comparability; outcome.
Second opinion was sought with the lead author (JB) as deemed necessary. Outcomes of
the risk of bias assessment are presented in Supplementary File S1.

2.5. Statistical Analysis

Meta-analysis was not performed due to high heterogeneity between studies. Hetero-
geneity was attributed to a combination of primary and secondary data sources, as well as
prospective and retrospective observational studies in heterogenous populations.
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Fisher’s exact test and pooled odds ratios were calculated using contingency tables for
all included risk factors. Alpha level was set at <5%.

3. Results

3.1. Search Results

The PRISMA flow diagram is presented in Figure 1. A total of 117 unique studies
underwent full text review, 99 were excluded (see Figure 1).

Figure 1. PRISMA flow diagram of the search and screening process.

3.2. Study Characteristics

Of the eighteen included studies, eleven were based in Europe (two in the United
Kingdom [25,26], one in Germany [27], one in Iceland [28], one in Portugal [29], two in
Sweden [30,31], one in Switzerland [32], one in Italy [33], one in the Netherlands [34], one
in France [35]), two in the United States of America [16,36], two in India [37,38], one in
Iran [39], one in Vietnam [40], and one in Australia [41]. Thirteen of the included studies
were retrospective cohort studies [16,26–36,40], two were prospective cohort studies [25,41],
two were cross-sectional studies [37,39], and one was a retrospective analysis of a prospec-
tive interventional trial [38]. In total, 580,524 women (median = 1021; IQR = 5431) and
898,800 men (median = 3220.5; IQR = 15,215.8) were included across the studies. See Table 1
for study characteristics.
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Table 1. Characteristics of included studies. Myocardial infarction (MI); percutaneous coronary
intervention (PCI); ST-elevation myocardial infarction (STEMI).

First Author,
Year of

Publication
Country Study Design Population

Recruitment
Method

Women (%) Men (%)
Mean/Median
Age (SD/IQR)

Women

Mean/Median
Age (SD/IQR)

Men

Ahmadi et al.
(2015) [39] Iran Cross sectional

Patients
admitted with

acute MI
Registry data 5717 (27.55) 15,033

(72.45) 65.4 (12.6) 59.6 (13.3)

Asleh et al.
(2021) [36]

United States
of America

Retrospective
cohort

Patients
admitted with

acute MI

Retrospective
electronic

chart review
764 (39) 1195 (61) 73.8 (14.1) 64.2 (14)

Bajaj et al.
(2016) [37] India Cross-

sectional

Patients
admitted with

acute MI

Prospective
recruitment of

patients
presenting

with acute MI

50 (50) 50 (50) 62 (SD not
reported)

56.5 (SD not
reported)

Baumann et al.
(2016) [27] Germany Retrospective

cohort

Patients
undergoing
emergency

PCI for acute
MI

Registry data 216 (26.9) 587 (73.1) 66.8 (14.1) 60.9 (12.8)

Canto et al.
(2012) [16]

United States
of America

Retrospective
cohort

Patients
admitted with

acute MI
Registry data 481,581 (42.11) 661,932

(57.89) 73.9 (12.4) 66.5 (13.2)

Dreyer et al.
(2013) [41] Australia Prospective

cohort

Patients
attending PCI

centre with
STEMI.

Registry data 234 (25.66) 678 (74.34) 67 (14) 60 (13)

Gardarsdottir
et al. (2022) [28] Iceland Retrospective

cohort

Patients who
underwent

acute coronary
angiography
for acute MI

Retrospective
analysis of
prospective

interventional
trial dataset

625 (24.1) 1969 (75.9)

With STEMI:
68.5 (13.3)

With NSTEMI:
71.0 (11.4)

With STEMI:
61.9 (12.1)

With NSTEMI:
67.1 (11.6)

Khraishah et al.
(2021) [38] India

Retrospective
analysis of
prospective

interventional
trial

Patients
admitted with

acute MI

Prospective
recruitment of

all patients
undergoing

primary PCI at
centre

5191 (24.29) 16,183
(75.71) 65 (12) 58 (12)

Krishnamurthy
et al. (2019) [25]

United
Kingdom

Prospective
cohort

Patients
undergoing
primary PCI
for STEMI

Retrospective
electronic

chart review
826 (27.09) 2223 (72.91) 69 (20) 60 (19)

Leurent et al.
(2014) [35] France Retrospective

cohort

Patients
admitted with
STEMI within

24 h.

Registry data 1174 (23.48) 3826 (76.52) 68.8 (14) 60.8 (12)

Nguyen et al.
(2014) [40] Vietnam Retrospective

cohort

Patients
admitted with

acute MI
Registry data 101 (33.44) 201 (66.56) 70 (10) 64 (12)

Ortalani et al.
(2013) [33] Italy Retrospective

cohort

Patients
undergoing

PCI for acute
MI.

Registry data 5093 (27.75) 13,258
(72.25) 72.3 (11.2) 64.6 (12.1)

Radovanovic
et al. (2012) [32] Switzerland Retrospective

cohort

Patients
presenting

with STEMI.
Registry data 5786 (26.76) 15,834

(73.24) 71.5 (12.6) 62.9 (13)

Rashid et al.
(2020) [26]

England and
Wales

Retrospective
cohort

Patients
admitted with
a diagnosis of

NSTEMI

Registry data 40,811 (29.7%) 96,455
(70.3%)

Low Risk: 65
(55–74);

Intermediate
Risk: 69

(60–76); High
Risk: 72
(62–79)

Low Risk: 60
(52–68);

Intermediate
Risk: 64

(56–72); High
Risk: 66
(56–75)
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Table 1. Cont.

First Author,
Year of

Publication
Country Study Design Population

Recruitment
Method

Women (%) Men (%)
Mean/Median
Age (SD/IQR)

Women

Mean/Median
Age (SD/IQR)

Men

Redfors et al.
(2015) [31] Sweden Retrospective

cohort

All patients
treated for
acute MI

Registry data 17,068 (35.47) 31,050
(64.53) 75 (12) 68 (12)

Roque et al.
(2020) [29] Portugal Retrospective

cohort

Patients
admitted with

acute MI
Registry data 14,177 (28.87) 34,936

(71.13) 72(12) 67(13)

Strömbäck et al.
(2017) [30] Sweden Retrospective

cohort

Patients
admitted with

acute MI
Registry data 242 (23.8) 775 (76.2) 61.3 (8.3) 55.8 (8.4)

Velders et al.
(2013) [34] Netherlands Retrospective

cohort

Patients who
underwent

primary PCI
for STEMI

Prospective
recruitment of

all patients
undergoing

PCI for STEMI

868 (24.92) 2615 (75.08) 67.6 (13.1) 61.8 (11.9)

3.3. Quality Assessment

All studies were deemed to be of high quality, with the exception of Roque et al. [29]
which was deemed to be of medium quality. See the Supplementary Materials for the full
risk of bias assessment.

3.4. Risk Factors

Data pertaining to the odds of reported risk factors and baseline characteristics of
women and men with myocardial infarction are presented in Table 2. Pooled odds ratios
are displayed in Figure 2.

Figure 2. Pooled odds ratios for reported cardiovascular risk factors. Ischaemic heart disease (IHD);
peripheral arterial disease (PAD). Note: ischaemic heart disease and angina reported independently
as per results.
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Table 2. Reported prevalence of baseline characteristics and risk factors of included studies. Myocar-
dial infarction (MI); ST-elevation myocardial infarction (STEMI).

Citation

Obesity Diabetes Hypertension Stroke
Dyslipidaemia/

Hypercholesterolaemia
Angina Heart Failure

IHD/Previous
Myocardial
Infarction

Peripheral
Artery

Disease

Current/Ex
Smoker

W M p W M p W M p W M p W M p W M p W M p W M p W M p W M p

Ahmadi et al.
(2015) [39] 33.4 18 <0.001 53.7 28.6 <0.001 25.3 15 <0.001 20.1 28.5 <0.001

Asleh et al.
(2021) [36] 25.8 23.2 <0.001 79.9 62.4 <0.001 66.1 63.4 0.234 16.7 25 <0.001

Bajaj et al.
(2016) [37] 52 24 0.004 46 28 0.062 0 44 <0.001

Baumann et al.
(2016) [27] 24.1 24.3 0.952 68.1 54.8 <0.001 24.1 32.5 0.021 13 18.2 0.08 35.6 55.5 <0.001

Canto et al.
(2012) [16] 33.2 27 60.9 52.7 12.5 9.3 27.6 31.9 15 14.8 23.7 14.7 24 27.6 18 29

Dreyer et al.
(2013) [41] 32 27 0.24 60 45 <0.001 52 48 0.37 26 21 0.19

Gardarsdottir et al.
(2022) [28] 13 12 0.5 55 47 0.01 11 17 0.02 36 40 0.3

Khraishah et al.
(2021) [38] 53.6 41.4 <0.001 61.2 42.4 <0.001 1 1 1 3.2 39.8 <0.001

Krishnamurthy et al.
(2019) [25] 14.4 12.5 0.51 47.1 35.1 <0.01 30.6 30.5 0.95 10 13.5 0.02 2.1 2.8 0.43 59.6 70.4 <0.01

Leurent et al.
(2014) [35] 13 11 0.06 54 36 <0.001 4 8 <0.001 26 41 <0.001

Nguyen et al.
(2014) [40] 22.8 13.9 66.3 55.7 9.9 2 0.003 2 5 0.17 0 0.5 NA 1 48.3 <0.001

Ortalani et al.
(2013) [33] 29.2 21.5 76.1 62 1.2 1.1 53.9 52.5 6.1 3.7 24.7 28.1 19.8 34.3

Radovanovic et al.
(2012) [32] 18.8 18.8 <0.001 22.4 17.3 <0.001 50.8 65 <0.001 49.8 53.8 <0.001 30.1 31.5 0.08

Rashid et al.
(2020) [26] 25.7 24.2 58.5 51.7 39.7 40.2 27.0 28.3 26.4 24.7 4.4 5.2 49.7 65.0

Redfors et al.
(2015) [31] 21 18 <0.001 48 38 <0.001 13 14 0.013 17 20 <0.001 21 24 <0.001

Roque et al.
(2020) [29] 23.8 20.4 <0.001 26 35.9 <0.001 60.4 75.9 <0.001 8.2 6.8 <0.001 8 5 <0.001 8.5 32.6 <0.001

Strömbäck et al.
(2017) [30] 33.5 20.1 <0.001 57.9 40.8 <0.001 44.2 37.4 0.01

Velders et al.
(2013) [34] 14.2 10.2 <0.001 45.9 32.5 <0.001 6.9 6.1 0.418 21.8 23.6 0.282 7.1 12.1 <0.001 40.6 47.8 0.001

All of the included studies [16,25–41] reported prevalence of diabetes and hyperten-
sion. Women had higher odds of having both a pre-existing diagnosis of diabetes (OR
1.33; CI 1.32–1.34; p < 0.001) and/or a diagnosis of hypertension (OR 1.27; CI 1.26–1.28;
p < 0.001).

A total of 16 studies reported current/ex-smoking status [16,25–31,33–40]. Women
had lower odds of having a smoking history (OR 0.41; CI 0.41–0.41; p < 0.001).

A total of 12 studies reported prevalence of dyslipidaemia or hypercholestero-
laemia [16,25–27,31–34,36,39–41]. Women had significantly lower odds of presenting with
these diagnoses (OR 0.83; CI 0.82–0.84).

When “ischaemic heart disease”, “previous PCI”, or “previous coronary artery bypass
graft” was reported by the authors [25–27,30–34,36,40] women were reported to experience
significantly lower odds (OR 0.06; CI 0.063–0.065; p < 0.001). When authors reported anginal
history without preceding MI, PCI, coronary artery bypass graft, or when authors reported
anginal history independent of ischaemic heart disease [26,36,39], women experienced
marginally lower odds (OR 0.95; CI 0.94–0.96; p < 0.001).

Women had higher odds of having a previous diagnosis of heart failure (OR 1.85;
CI 1.83–1.86; p < 0.001), although this data was only reported by five of the included
studies [26,28,32,36,39].

Three of the included studies reported prevalence of peripheral arterial disease [25,26,37],
with non-significant difference observed between groups (OR 0.94; CI 0.71–1.24; p = 0.73).

History of stroke/cerebrovascular disease was reported in four of the included stud-
ies [28,32,33,36]. Women experienced greater odds (OR 1.57; CI 1.55–1.59; p < 0.001).

4. Discussion

The present manuscript discusses the findings of a large systematic review of 18
studies, including over 1.4 million patients. We have described the variation in prevalence
of common, shared cardiac risk factors in men and women presenting with MI. Our data
show that women are more likely to have pre-existing diabetes, heart failure, hypertension,
and stroke prior to presenting with MI in comparison to men. By contrast, they experience
lower odds of dyslipidaemia, angina and ischaemic heart disease, and smoking history. The
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relationships observed likely represent an amalgamation of a complex, dynamic interaction
between biological, social, and cultural factors [42,43]. These factors undoubtedly impact
the effectiveness of public health interventions.

Our findings largely support and update those reported by other high quality prospec-
tive observational studies [44–47]. Previous reviews have also demonstrated variation in
the hazards associated with disproportionate risks, particularly those relating to diabetes,
smoking, and hypertension [18,42,45]. Diabetes, for example, is known to increase the risk
of MI in females by four-fold, in comparison to only two-and-a-half-fold in men [48]. By
increasing the scope of our initial search and inclusion criteria, we have included studies
that would not allow us to evaluate the hazards associated with the risks reported. We were
thus also unable to examine the interaction between risk factors, how these interactions
may be moderated by gender and sex, and what potential implications this has on patient
outcomes. Continuous analysis of such data, particularly that pertaining to high quality
prospective studies as well as case–control data which report data on matched controls, is
necessary to prevent disproportionate bias in the future.

The included studies also failed to report variables which would have provided a
more meaningful insight into the sex- and gender-differences of the most clinically rel-
evant risk factors. Many reported diabetes mellitus in its entirety without distinguish-
ing between types 1 and 2, or the other many subtypes of the condition. The methods
of data collection employed also necessitated the use of previous allocated diagnoses,
meaning that variables, particularly those relating to continuous data, could not be re-
ported. For example, in a large retrospective cohort study of over 11,000 MI events,
Rapsomaniki et al. [49] recently demonstrated the importance of distinguishing between
diastolic and systolic blood pressure when evaluating one’s risk of MI. Subtle differences in
likely pathophysiology may also explain some of the discordance between our findings and
those of other studies which were not included. For example, Smilowitz et al. [50] reported
similar rates of dyslipidaemia in men and women, with women experiencing marginally
higher prevalence than men. Importantly, the authors reported lower rates of dyslipidaemia
in non-obstructive coronary artery disease, a condition which is more prevalent in women
and one that many of the studies included in our review failed to consider. Furthermore,
Huxley et al. [18] highlighted the importance of considering the hazards associated with
less prevalent risk factors in women, such as cigarette smoking. However, their findings
are incongruous with other large prospective observational trials [43], suggesting that there
is a need to further interrogate the risk factors in question and how they interact with
themselves in addition to other confounders and colliders.

A total of 11 of the included studies reported death rate by gender [16,26–29,33–35,38–40].
However, we did not examine this data given that the included papers did not explore the
well-established interaction between age, comorbidity, and treatment modality [51–54], the
latter of which is particularly important, given that women experience greater complication
rates [55,56] and, whilst having benefitted from advancements in technology such as drug
eluding stents, remain at greater risk of suboptimal outcomes. This is in part due to
suboptimal postprocedural TIMI flow grade [57]. The papers also failed to address the
well-reported discrepancy between genders of non-obstructive coronary artery disease, a
condition experienced far more commonly in women [58,59].

It is not unlikely that a proportion of the reported data represent discrepancy in preva-
lence, severity, and management of MI as well as other comorbidities and confounders [42].
This, in turn, reflects both fixed biological variables [59] as well as variables relating to
the well-evidenced gender bias present within healthcare [60]. Thus, our data and that
of others before us represent an important opportunity for healthcare providers. Firstly,
healthcare providers may be able to better risk stratify those with clinical features of MI at
the point of presentation. Pre-hospital physicians and paramedics, emergency department
doctors, cardiologists, inpatient physicians, triage nurses, and all of the members of the
multi-disciplinary team assessing patients must recognise the increased prevalence of
diabetes, heart failure, hypertension, and stroke in women presenting with MI. They must
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also remain cognisant of the fact that this population are less likely to receive gold-standard
treatment in a timely manner, and thus may experience worse outcomes when compared to
their gender- and sex-matched counterparts. Thus, active conscious effort must be made to
counter the disadvantages that women may face. It also highlights a need to consider the
effect of our policies and interventions on gender and sex, and how adaptations to these
may disproportionately affect women. There is clear variation in the risk factors present in
women and men, and males and females, presenting with MI, only some of which can be ex-
plained by biological variation. Thus, there must be an active effort to consider these factors
when targeting primary prevention and evaluating our care pathways. Further research is
needed to understand how these factors interact with public health interventions, and how
we can better account for them in the future. Finally, and perhaps most importantly, our
paper further emphasises the need for researchers to consider the implications of gender
and sex [61]. In doing so, we must understand how these are implicated by research
methodology, and how we can reduce bias within our study design. In this instance, due
to a need to examine the data of others, we have unavoidably conflated gender and sex
for this article. This is inappropriate and represents an area of academic medicine where
improvement is urgently needed. Researchers in the future should aim to make clear the
difference between biological sex and gender in their data and report their findings as
such, where possible. Doing so will result in more meaningful and applicable data to guide
clinicians and policy makers in the future.

Our data are not without limitations. In addition to the aforementioned, we have
not adjusted the odds of investigated risk factors to account for variation in known and
unknown confounders, including but not limited to age, which were noted to be lower in
men across all included studies. This decision was made to meet our intention to provide
clinically meaningful data to front door clinicians. We have not examined the relationship
between these risk factors and patient outcomes, as justified above. We have also only
chosen to focus on those presenting with MI, rather than considering the relative incidence
between those who do and those who do not suffer from cardiovascular disease. We have
not included sex-specific risk factors in this review but are aware of the importance of those
risk factors may have in specific populations. Again, this was an unavailable consequence
of our search strategy meeting the primary aim of expanding our inclusion criteria to
include papers reporting relevant outcome data from men and women presenting with MI,
as opposed to considering large population-based studies prone to bias and often reporting
data pertaining to a wider range of cardiovascular diseases.

Further research is necessary to re-evaluate and update the prevalence of risk factors
for cardiovascular disease in the general population. Ideally, research would consist of
high-quality meta-analyses of prospective cohort studies in addition to more frequently
cited retrospective observational data, which is growing in age. There is also a need for
continuous re-evaluation of all of the hazards associated with the presence of risk factors
in those presenting with MI, and how these are affected by gender and sex. This will
contribute to the growing body of literature which has done so for risk factors most prone
to cultural variation, such as cigarette smoking [18]. In doing so, one must consider the
biopsychosocial variables that are likely to moderate gender- and sex-related risk, including
but not limited to disproportionate risks pertaining to socioeconomic status and health
literacy [62,63]. A greater understanding of such relationships will better inform our
interventions, policies, and decision making in the future.

5. Conclusions

There is a disparity in the distribution of shared cardiovascular risk factors between
men and women presenting with MI. We must continually re-evaluate the prevalence of
these risk factors to better guide our diagnostic reasoning and clinical decision making.
Furthermore, there is a need for researchers to consider the implications of sex and gender
on their study design, and to report data both by sex and gender, as opposed to conflating
the two. Further research is needed to re-evaluate the prevalence of shared and independent
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risk factors for cardiovascular disease, and the subsequent development of MI, in the
general population. There is also a need for continuous re-evaluation of the hazards
associated with the presence of risk factors, and how these are affected by gender and sex.
In doing so, one must consider the biopsychosocial variables that are likely to moderate
gender- and sex-related risk.
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Abstract: Physical activity and diet are essential for maintaining good health and preventing the
development of non-communicable diseases, especially in the older adults. One aspect that is often
over-looked is the different response between men and women to exercise and nutrients. The body’s
response to exercise and to different nutrients as well as the choice of foods is different in the two sexes
and is strongly influenced by the different hormonal ages in women. The present narrative review
analyzes the effects of gender on nutrition and physical activity in older women. Understanding
which components of diet and physical activity affect the health status of older women would help
target non-pharmacological but lifestyle-related therapeutic interventions. It is interesting to note
that this analysis shows a lack of studies dedicated to older women and a lack of studies dedicated to
the interactions between diet and physical activity in women. Gender medicine is a current need that
still finds little evidence.

Keywords: aging; women; nutrients; physical activity; long COVID; monitoring; vital signs

1. Introduction

Physical activity and diet are essential for maintaining good health and preventing
the development of non-communicable diseases [1–3]. As a response to population ageing,
different conceptual models such as active ageing, successful ageing or healthy ageing have
been proposed to address the notion of ageing well [4]. However, women are less likely
to engage in sports and physical activity due to high social pressures and stereotypes that
force women to play numerous time-consuming roles in family, society and work [5,6]. This
attitude in women has worsened during the recent pandemic leading to increase sedentary
behaviours and subsequent loss of muscle [5–7]. During the global pandemic older adults’
access to programs and services to facilitate the adoption of healthy lifestyles, such as gyms
has been disrupted [8]. As a result, web-based interventions may represent a solution for
helping older adults adopt and maintain a healthy lifestyle [8] The beneficial role of regular
physical activity and structured exercise in health of older adults has been suggested by
the World Health Organization [9]. The American College of Sports Medicine supported
this suggestion in its guidelines published in 2022 [10]. More recently some manuscript
underlined the popularity of fitness programs for older adults in the health and fitness
industry at European and global level [11,12]. Women tend to have a longer life expectancy,
however, while they live longer, women generally have worse health and more chronic
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diseases than men [13,14]. As a response to population ageing, different conceptual models
such as active ageing, successful ageing or healthy ageing have been proposed to address
the notion of ageing well [15].

Since physical activity and nutrition are directly related to the risk of chronic dis-
ease, it is essential to understand how these modifiable factors are related to health. The
relationship between nutrition and health varies throughout life, with women having
unique nutritional needs based on physiological and hormonal changes at various life
times (e.g., menstruation, pregnancy, breastfeeding, menopause) [16]. However, women
can experience deficiencies in their nutrition and micronutrient intake during periods of
hormonal change in their lives. These deficiencies can affect aspects of your lifestyle such
as sleep patterns and general quality of life and, in the long term, can impact your risk of
developing chronic diseases [16–18].

Furthermore, physical activity must be associated with a balanced energy intake and
the choice of the right foods to achieve the expected results and preserve health. It is
conceivable that the choice of foods to be taken in subjects who perform regular physical
activity is different in women and in men [13,19]. It is well known that the absorption and
bioavailability of nutrients are different between women and men and this must influence
the choice of diet at different stages of life [16,20]. The favorable effects of diet on human
health are mediated by various nutrients, among these phenolic compounds are among
the most widespread and well-known phytochemicals in plants and are found in many
foods and drinks, such as fruit, vegetables and chocolate, as well as in coffee, tea, beer and
wine [20,21]. Phenolic compounds of plant origin influence health through an antioxidant
and anti-inflammatory action, this effect is different for men and women [20,21]. It is
interesting to note that most of the studies analyze the differences in the choice of foods
in relation to the different stages of life: young, adult and older adults. Whereas, only a
few manuscripts have analyzed gender differences in dietary choice, although it is known
that the different hormonal phases in women mainly influence the exposure to the risk
of chronic diseases and that diet is a determining factor in the development of chronic
non-communicable diseases [5,22,23].

2. Methods

Our search strategy was designed to inform this Review relating to gender differences
in diet and physical activity in older healthy subjects. We searched MEDLINE, Scopus
and Web of Science. In brief, we used a combination of terms relating to older adults
(e.g., “elderly women”, “older women”, “older adult” and “longevity”) and lifestyle habits
(e.g., “food”, “nutrients”, “physical activity”). In all these combinations the terms “women”,
“sex”, “gender” and “diet” were mandatory. For studies to be included in this Review,
they had to: (i) report on primary research, (ii) be published in peer-reviewed journals,
(iii) be written in English and include data on gender differences analysis, or on factors
associated with wellbeing in older women. Due to the fact that very little data are available
we included papers published in the last 10 years.

The present narrative review briefly analyzes the effects of gender on nutrition and
physical activity in older women and suggests future prospective for prevention of chronic
disease in women. Understanding which components of diet and physical activity affect the
health status of older women would help target non-pharmacological but lifestyle-related
therapeutic interventions.

3. Results

Among 632 citations obtained at November 2022, articles that were considered to con-
tain the most important and novel data on the effects of gender on nutrition and physical
activity in older women were included in this narrative review. Due to the very limited
number of manuscripts that focused on older women we included also manuscript that
analyzed gender differences in adult subjects. The analysis of original manuscript (exclud-
ing review) showed that the great majority of them focused on vitamin D (101 manuscript)
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and sarcopenic obesity or obesity (57 manuscript). Only few manuscripts analyzed the
relationship between food and physical activity in older adult (56 original manuscript) and
only 16 included a specific analysis by sex or gender. The great majority of studies analyzed
middle-aged women or pre-menopausal women and included a wide range of age.

4. Discussion

4.1. Vitamin D Deficiency

The first aspect that emerges in the studies carried out on older women is the objective
of evaluating the concentration of vitamin D with the women’s health status. A low vitamin
D status is a very common condition worldwide, and several studies from basic science
to clinical applications have highlighted a strong association with chronic diseases, as
well as acute conditions [24]. Estimates of the prevalence of 25 (OH)D levels < 50 nmol/L
(or 20 ng/mL) have been reported as 24% (US), 37% (Canada), and 40% (Europe) [25,26].
However, the concentrations of Vit D undergo important variations in relation to sun
exposure, skin color, and absorption capacities which are influenced by the intestinal
microbiota. Furthermore, it may vary by age, with lower levels in childhood and the older
adults [25,26], and also ethnicity in different regions, for example, European Caucasians
show lower rates of vitamin D deficiency compared with nonwhite individuals [26].

A very recent manuscript evaluated whether the role of physical activity and vitamin
D in sarcopenia, obesity, and sarcopenic obesity was different between men and women.
They found that low physical activity was significantly associated with higher odds of
sarcopenia in women only (OR = 1.70, 95% CI:1.18, 2.46, p < 0.01). Vitamin D deficiency
was only associated with sarcopenia in men (OR = 1.85, 95% CI: 1.27, 2.69, p < 0.01).
Low physical activity was significantly associated with obesity, sarcopenia, and sarcopenic
obesity only in participants with serum 25 (OH)D < 20 ng/mL. This manuscript by
Jia S et al. underline some differences between men and women about the role of vitamin
D and PA in obesity and sarcopenia. Authors also underlined that the relationship between
PA and sarcopenia was modified by serum vitamin D status. These findings highlighted the
need to supplement vitamin D in individuals with physical inactivity and provide different
interventions strategies to sarcopenia in men and women [27].

Many peri- and postmenopausal women are deficient in or have low levels of vitamin
D and magnesium. Vitamin D is essential for bone health, as well as preventing muscle
weakness, protecting against falls, and providing immune support [28]. Usually, women
are more likely to take dietary supplements than men, but when we analyze the use of
supplements and sports drinks in people physically active this difference disappears [16].
However, no studies have analyzed the differences between physically active women and
men in response to supplement components. This gap could be responsible for the lower
efficacy of supplements and reflect on less health care in women [9]. Recently, Cui et al.
address the various issues related to the complex relationship between food and sports with
attention to the nutrients necessary to perform sports in the best physical conditions and to
obtain optimal results [19]. The relevant point explored by Cui et al. was the roles of each
nutritional component that can be divided into: the protection of articular cartilage, improving
muscle quality, regulating endocrine, weight control, prevention of anemia, increasing energy
storage and utilization, and enhancing immune function [19]. These functions are extremely
important in the older adults and must be considered when addressing the diet in older adults
by specifying the differences that exist between women and men.

4.2. Sarcopenia and Sarcopenic Obesity

The second topic that dominates the analysis of studies dedicated to adult women is
sarcopenia and sarcopenic obesity (Figure 1). Although the role of physical exercise in the
prevention of fractures is recognized, there are still few studies that correlate nutrition and
physical activity with respect to sarcopenic obesity and bone fragility. The UK Women’s
Cohort Study investigated associations between food and nutrient intakes and hip fracture
risk in, evaluated the role of body mass index (BMI) as a potential effect modifier. The study
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included 26,318 UK women, ages 35–69 years, and 822 hip fracture cases were identified.
Results of the study suggest that the potential roles of some foods and nutrients in hip
fracture prevention. Particularly protein, tea and coffee seem to play a role in prevention of
hip fractures in underweight women. Specifically, every additional cup of tea or coffee per
day was associated with a 4% lower risk of hip fracture (HR (95% CI): 0.96 (0.92, 1.00)). A
25 g/day increment of dietary protein intake was also associated with a 14% lower risk of
hip fracture (0.86 (0.73, 1.00)) [29].

Figure 1. Factors that influence the development of sarcopenic obesity. Red, blue and yellow dots
represent the pro-inflammatory cytokines TNF-α, IL-1β and IL-6 released by inflamed adipose tissue.

This study has the merit of having highlighted a specific role of nutrients in the
prevention of fractures in older women beyond the concentration of Vit D. A decisive role
on the development of fractures and also on cardiovascular risk is attributed to sarcopenic
obesity. Sarcopenia is a geriatric syndrome, characterized by progressive decline in muscle
strength and generalized loss of skeletal muscle mass [30]. The sarcopenic muscles display
heterogeneity in fiber size, atrophy of type 2 (fast-twitch) myofibers, accumulation of
intramuscular fat and connective tissue with a decreased oxidative capacity. All these
conditions lead to an age-related decline in functions. Moreover, during sarcopenia there is
also the loss of satellite cell, which compromises the recovery capacity of sarcopenic muscles
in response to injury [31]. During adulthood, satellite cells main function is to sustain skeletal
muscle regenerative capacity. The consequence of satellite cell aging is the loss of skeletal
muscle regenerative capacity, which is pronounced in the sarcopenic muscle. The aging
environment leads to the accumulation of cellular stressors that culminate in irreversible
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changes to the satellite cell [31]. For this reason, “inflammaging”, a local and a systemic
chronic low-grade inflammation that arises with aging, may contribute to muscle decline by
impairing stem cell function and accelerating cellular senescence. Also obesity is recognized
as a state of chronic inflammation with increased circulating pro-inflammatory cytokines
tumour necrosis factor (TNF)-α, interleukin (IL)-1β and IL-6 [32,33]. In animal models of
chronic, local or systemic inflammation, with high levels of IL-6 and TNF-α respectively,
satellite cell proliferation decreases [34] and skeletal muscle becomes atrophic [35]. It is
possible that in chronic inflammation the normal coordination between macrophages and
muscle satellite cells is impaired and contributes to impaired satellite cell function.

Pro-inflammatory cytokines have been found to affect gene expression of satellite cells
and muscle regeneration, contributing to age- and obesity-dependent decline in muscle
function. During women midlife there are drastic hormonal changes due to ovarian aging
and the consequent onset of menopausal. This transition phase includes a decline in
the estradiol serum concentration and elevation of follicle-stimulating hormone (FSH)
levels. Hormonal changes start approximately 5 years before and continue years after the
final menstrual period. Muscle and bone mass decline with aging, increasing the risk for
sarcopenia and osteoporosis in later life. Both these conditions are tightly related to aging
and estrogen depletion and consequently to menopausal transition [36]. A few studies also
suggest that menopausal hormonal changes influence the decline in lean mass (LM) among
middle-aged women. Hormonal changes seem to be the major contributors to the changes
in muscle and bone tissue in women undergoing menopausal transition. The preventive
role of estrogens in cardiovascular disease (CVD) may depend not only on their role in the
regulation of body fat distribution but also on their antioxidant effect [37,38]. Also changes
in body composition, including an increase in total adiposity and a redistribution of fat
with an increase in abdominal/visceral fat accumulation occur during the transition to
menopause. Fat redistribution is reflected in the presence of intermuscular adipose tissue
(IMAT) [39,40]. IMCLs are found in mitochondria where they increase ROS formation,
resulting in the apoptosis/autophagy of muscle cells. Thus, it is considered as one of the
potential mechanisms of obesity-mediated sarcopenia pathogenesis [41]. IMAT releases pro-
inflammatory cytokines resulting in muscle local inflammation. Moreover, postmenopausal
women have large amount of non-contractile muscle tissue, such as intramuscular fat,
compared to younger women [42]. For these reasons, IMAT is a significant predictor of
both muscle and mobility function in older adults and the relationship of increased levels
of IMAT and decreased strength and muscle quality is reported in several studies [43–45].

Adipose tissue is the major metabolic and endocrine organ, containing adipocytes
but also nerve tissue, connective tissue, and immune cells, such as resident eosinophils,
Breg cells, CD4 T cells, Treg cells, iNKT cells, and M2 macrophages which balance local
inflammation [46–49]. Recent studies have shown that most endocrine factors associated
with muscle aging, such as sex steroids, glucocorticoids and thyroid hormones may regulate
some muscle mitochondrial processes, including mitochondrial quality control (MQC)
pathways, OXPHOS activity, redox balance, and apoptotic signaling [50–52]. The negative
effect of chronically elevated levels of inflammatory cytokines on muscle mitochondrial
function may underlie the well-known association between low-grade inflammation and
sarcopenia. Further investigations are needed to understand the complex interaction and
relationship among mitochondrial dysfunction, inflammation and sarcopenia.

4.3. Physical Activity and Nutrients in Women

It has been reported that the timing of nutrient consumption can influence the metabolism
in women. To date, 95% of our nutrient timing recommendations originate from studies
conducted in men. The timing of nutrient consumption during exercise directly affects per-
formance, fatigue recovery, fat oxidation and energy expenditure [53]. Interestingly, women
often exercise on an empty stomach, driven by a desire to “burn fat”. However, evidence
indicates that for women in particular, fasted exercise can attenuate fat oxidation [54]. Alter-
natively, exercising on a full stomach will result in a higher total daily energy expenditure
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and increased fat oxidation and, indirectly, improve body composition. A recent analysis
suggests that consuming a bolus of protein before exercise, instead of consuming a bolus of
carbohydrates, significantly increases energy expenditure and improves fat oxidation after
exercise for aerobic exercise, the high intensity interval training and resistance training [55].
When this approach is combined with resistance training, it appears that pre-exercise nutrition
may be more effective for women to see improvements in strength and lean body mass, than
post-exercise nutrition [55].

Therefore, it is necessary that women adopt an adequate diet when engaging in
physical activity and sports and it is mandatory to identify which nutrients are more
suitable for women than for men. Furthermore, the different hormonal phases of a woman’s
life further influence her state of health. It is plausible that gender differences influence
the response to food in athletes and also in subjects who perform physical activity [56].
This aspect is not always addressed in studies that explore the effects of diet and food
resulting in an important lack of knowledge considering that nutrition plays a fundamental
role in maintaining health. In a previous manuscript we stressed the need to teach gender
medicine in medical schools in order to optimize the prescription of physical activity for
prevention and therapy [57].

Expanding lifespan is not associated with robust health for all during aging, and
there has been a substantial increase in age-associated morbidity. The research field on
healthy aging has focused to identify risk factors affecting health and quality of life and
to provide evidence of effective and acceptable interventions [58]. As previously written,
nutritional needs vary greatly between and within age groups and between genders,
therefore, general dietary recommendations may not be optimal for the entire population. In
November 2019 the WHO introduced the definition of Sustainable Healthy Diets. These are
dietary patterns that promote individuals’ health and well-being; have low environmental
impact; are accessible, affordable, safe and equitable; and are culturally acceptable. The
aims of Sustainable Healthy Diets are to (a) promote optimal growth and development
and support physical, mental, and social well-being at all life stages for present and future
generations; (b) contribute to preventing all forms of malnutrition (i.e., undernutrition,
micronutrient deficiency, overweight and obesity); (c) reduce the risk of diet-related NCDs;
(d) support the preservation of biodiversity and planetary health [59]. Increasing age
is associated with many physiological changes that increase the risk of undernutrition,
affecting up to 22% of individuals, with subsequent physical and cognitive impairments,
including reduced bone and muscle mass, increased frailty, diminished cognitive function
and ability to care for oneself, and thus a higher risk of becoming dependent on care [60].
The mechanisms by which diet affects aging are not well understood, but it seems likely
that a wide range of dietary factors counteract molecular damage (e.g., inflammation,
oxidative stress and endothelial dysfunction) and mitigate associated functional changes
that are induced in aging [61,62]. In addition, several studies have demonstrated the
crucial role that gut microbiota plays in maintaining human health. As a model of healthy
aging, centenarians have different gut microbiota from ordinary older people. The core
microbiome of centenarians in various countries has shown some common characteristics,
which are worth further exploration [63]. It is quite difficult to identify a specific diet
that is effective in the older woman, a personalized approach is needed. A recent article
by Sun and coworkers assessed the effects of whey protein (WP) or WP hydrolysate
(WPH) combined with an energy-restricted diet (ERD) on weight reduction and muscle
preservation in older women with overweight and obesity [64]. Weight loss is important
for older adults with obesity, but a conventionally adopted low-calorie diet is likely to
exacerbate the age-related sarcopenia. In older adults the mortality risks of sarcopenia
may outweigh the potential benefits of weight loss [65]. Sun and co-workers found that
an energy-restricted diet significantly decreased body weight and fat mass, with more
noticeable results in the WPH group [64]. Tischmann L and coworkers evaluated long-term
effects of soy nut consumption on vascular function and cardiometabolic risk markers in
healthy older men and women [66]. They concluded that longer-term soy nut intake as

19



J. Clin. Med. 2023, 12, 81

part of a healthy diet improved endothelial function, and LDL-cholesterol concentrations
suggesting mechanisms by which an increased soy food intake beneficially affects CVD
risk in older adults [66].

Cubas-Basterrechea et al. evaluated the adherence to Mediterranean Diet (MedDiet)
in older subjects and found an inverse relationship was established between adherence to
the MedDiet and the prevalence of Metabolic syndrome [67]. Scientific evidence supported
the beneficial effects of MedDiet consumption in older subjects related to longevity, quality
of life, and disease prevention [68]. The MedDiet is rich in bioactive components such as
antioxidants (vitamins C and E, among others), fibre, and phytosterols (from vegetables,
fruits, legumes, nuts, whole grains, olive oil, and wine), and provide the correct balance of
polyunsaturated fatty acids (omega-6 vs. omega-3) through regular consumption of fish,
seafood, and nuts, along with high consumption of monounsaturated fats (e.g., olive oil)
and low consumption of saturated fats (e.g., meat) [69,70]. The MedDiet has important and
proven benefits in the prevention of chronic non-communicable diseases and promotes
longevity. There is no evidence that any component of the diet is more effective in older
women than in men. This requires further investigations from the perspective of a gender
approach to disease prevention.

Many manuscripts underlined the critical role of physical activity, exercise train-
ing, and cardiorespiratory fitness (CRF) in the primary and secondary prevention of car-
diovascular disease [71–73]. The very recent “Clinical practice statement of the ASPC”
defined exercise training, as a subcategory of physical activity (PA), as any structured
exercise regimen with the objective of improving or maintaining CRF, muscle strength,
health, functional independence, athletic performance, or combinations thereof. Aerobic
capacity or CRF is typically expressed as mLO2/kg/min or metabolic equivalents (METs;
1 MET = 3.5 mL/kg/min) and can be directly determined using gas-exchange measure-
ments or estimated from the attained treadmill speed, percent grade, and duration (minutes)
or the cycle ergometer workload, expressed as kilogram meters per minute [74]. Patients
with higher fitness and a major CVD risk factor, such as diabetes, obesity, hypertension, or
dyslipidemia, generally had a better prognosis those without these risk factors but with
low fitness [75]. Kokkinos et al. analyzed a cohort of U.S. veterans and a very diverse
population regardless of age, sex, race, and ethnicity, supporting the importance of CRF
across various U.S. populations, with no increased risk at very high CRF [75]. However,
physicians should be aware that CRF is modifiable with an increase in physical activity. It
is known that individuals with low CRF levels who regularly engage in physical activity
or exercise can significantly reduce the risk of mortality compared to individuals who
remain physically inactive and have low CRF levels [76]. A prolonged period of sedentary
behaviour and inactivity in older individuals accelerates the deterioration of skeletal muscle
health, including loss of muscle mass and function. Decreased muscle mass in older adults
is associated with increased mortality and reduced quality of life [77].

After the pandemic some article explore the effects of Diet and of physical activity on
immune system assuming that a healthy diet and a regular physical activity contribute to
a stronger immune response and a reduction in systemic inflammatory status [49,78,79].
Clinical studies underline that vitamins and folate, polysaccharides and dietary fiber, lipids,
peptides, and natural polyphenols are important for the body’s immune system against
viruses [78,79]. Natural polyphenols (flavonoids, phenolic acids, stilbenes, lignans) exert
known anti-inflammatory, antimicrobial and antioxidant activities, have antiviral capacity,
prevent digestion issues and reduce the risk of chronic diseases. Specifically, against the
SARS-CoV-2 Virus, they act by inhibiting viral replication, disrupting viral spike protein
and inhibiting the SARS-CoV-2 protease [80–82]. Reactive oxygen species play a crucial role
in the inflammatory response. Therefore, compound with antioxidant properties have been
used to reduce the cytokine storm induced by virus infection [79,83]. To date, antioxidant
therapies are being considered to improve muscle responses in patients suffering from
long COVID [84–86]. Interestingly, some of the long-standing COVID immunological and
systemic features suggest signs of accelerated or premature aging and may aggravate
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pre-existing age-associated degenerative conditions, such as sarcopenia and cognitive
decline [81,82]. There is currently a lack of specific treatments for long COVID. Patient
management it is mainly based on symptomatic treatments and recommendations for
conducting a healthy lifestyle. Several food supplements and natural bioactive substances
have been tested for their potential to counter the long-COVID [85–87].

Global epidemiological trends demonstrate that women have almost double the life-
time rates of anxiety and depression compared to men and increased subclinical rates of
symptoms of these disorders [75,85,86]. Women with obesity are more likely to become
depressed and report symptoms of depression at a younger age compared to males [88,89].
Depression and stress lead to unhealthy nutritional habits such as cravings [89–91]. A
craving for calorie-dense, energy-dense foods can lead to weight gain or obesity. Men and
women experience food cravings differently. Women are much more likely to be craving
for food (28% compared to 13% of men) and report negative feelings for indulging in
cravings, while men are less likely to crave food and report positive feelings associated
with cravings [91]. Food energy density is believed to be the strongest predictor of cravings
in overweight and obese adults. An energy restriction study found that 75% of coveted
foods were chocolate, salty snacks, ice cream, or sugary baked goods [92]. Consuming
large quantities of energy-dense foods is not only problematic in terms of nutrient intake,
but also in terms of energy balance [90,91]. Today, an increase in physical activity and
a healthy diet is suggested in the recovery actions of the unhealthy lifestyle developed
during COVID-19.

4.4. Monitoring of Vital Parameters

Another aspect that is becoming increasingly important is the autonomous and home
monitoring of vital parameters. The 5 vital signs identified by the WHO are heart rate,
respiratory rate, oxygen saturation, blood pressure and body temperature. Alterations of
1 or more parameters indicate disease [92]. The early detection of changes in vital signs
typically correlates with faster detection of changes in the cardiopulmonary status of the
patients [93]. Some vital signs can be influenced by common age-related pathologies, in-
cluding hypertension, atherosclerosis, and arrhythmias. Atherosclerotic disease can further
increase pulse pressure, which, in conjunction with a high resting heart rate, causes mechan-
ical stress and damage to the endothelium. Finally, the stress response further promotes
atherosclerosis. Atherosclerosis can reduce the flexibility of the arteries, contributing to the
development of hypertension and the increase of blood pressure with age [92,94]. Similarly,
some arrhythmias, i.e., atrial fibrillation increase with age. Monitoring heart beat allow
the early diagnosis of heart rhythm abnormalities with the possibility of a more rapid and
effective intervention [95,96]. Different devices can be used for the measurement of vital
sign, however it is important that they are validated instruments and that provide adequate
measurements. In the older adults, the control of vital parameters is important both at rest
and during physical exercise.

4.5. Strengths and Limitations of the Study

The strength of the present literature review was to highlight a paucity of studies devoted
to the analysis of diet and exercise in older women. It is known that gender medicine
complains of a lack of studies dedicated to the differences between men and women and,
although there has been an increase in the perception of this need, a gap still persists.

The limitation of the study is due to the difficulty of identifying articles analyzing
outcomes in older women. While studies of menopausal women abound, older women are
an underrepresented population in clinical trials.

5. Conclusions

It is the general opinion of experts and confirmed by numerous studies that good
nutrition and regular physical activity are milestones for counteracting the effects of aging.
However, the analysis of the recent literature does not highlight studies in which these
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two aspects are evaluated together in older women. Gender medicine needs an increase
in studies dedicated to women who consider the different phases of hormonal transition.
These aspects must be investigated in view of the increase in life span. We need to identify
personalized pathways for older women to reduce the risk of chronic disease and improve
the quality of life.
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Abstract: Physical inactivity (PI) represents a significant, modifiable risk factor that is more frequent
and severe in the female population worldwide for all age groups. The physical activity (PA) gender
gap begins early in life and leads to considerable short-term and long-term adverse effects on health
outcomes, especially cardiovascular (CV) health. Our review aims to highlight the prevalence
and mechanisms of PI across women’s lifespan, describing the beneficial effects of PA in many
physiological and pathological clinical scenarios and underlining the need for more awareness and
global commitment to promote strategies to bridge the PA gender gap and limit PI in current and
future female generations.

Keywords: physical inactivity; physical activity; cardiovascular risk; women; gender medicine

1. Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in the
female population [1]. There are substantial gender differences in the pathophysiology
of CVD, principally related to estrogen’s protective anti-inflammatory and anti-apoptotic
role [2]. Besides traditional CV risk factors, there is an evolving group of risk factors
specific to the female gender, including autoimmune disease, breast cancer treatment,
cardio-metabolic gestational disorders, and menopause [3,4]. Physical inactivity (PI) is
defined as an insufficient physical activity (PA) level to meet present PA recommendations
for age and represents a significant modifiable traditional CV risk factor still hard to coun-
teract. This occurs regardless of the abundance of scientific evidence supporting PA as
one of the most effective non-pharmacological therapies in primary and secondary CV
prevention, with an outstanding effect on vascular homeostasis [5–10]. Furthermore, the
role of regular PA in preventing and treating non-communicable diseases (NCDs) has been
widely demonstrated. The data from a prospective cohort of adults from the United States
(63% women) indicated the nearly maximum association with lower mortality achievable
by completing, during middle and late adulthood, 150–300 min per week of vigorous PA,
300–600 min per week of moderate PA, or an equivalent combination of both [11,12].
PA showed robust beneficial associations with different mental health conditions, includ-
ing anxiety and depression, both in the general population and in women, across all
lifespans [13–17].
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Although the efforts made by the leading international scientific societies to promote
adherence to a correct lifestyle, including a healthy diet, adequate levels of PA, and a con-
comitant reduction in PI, the latest World Health Organization (WHO) records highlighted
that, worldwide, 1 in 4 adults and 3 in 4 adolescents (aged 11–17 years) still do not currently
meet the global recommendations for PA, with higher levels of PI in economically devel-
oped countries [18]. The global costs of PI to healthcare systems are exorbitant, estimated
at INT$53.8 billion in 2013 and will reach a cost of INT$520 billion by 2030 if the prevalence
of PI does not change [19]. Moreover, globally, PI causes 7.2% of all-cause deaths and 7.6%
of CVD deaths, with the more significant relative burden in high-income countries [20].
In women older than 30, the population risk of CVD associated with PI seems to exceed
that of other risk factors [21]. The economic burden of PI is disproportionately spread
across regions, with the highest economic cost occurring among high-income countries,
which account for 70% of expenditure on treatment for illnesses related to PI [22]. On the
other hand, a strong association between PA and the risk of developing CVD has been
extensively described, with a median risk reduction of CV risk more significant in women
than men [23]. Moreover, the level of global CV risk does not alter the inverse connection
between PA and incident CVD in women, suggesting that the promotion of PA is essential,
regardless of subjective CV risk [24]. Finally, PA in women can be a protective factor in the
etiology of many non-traditional CV risk factors, i.e., cardio-metabolic gestational disorders,
autoimmune diseases, breast cancer, and breast-cancer-related treatments [25–27].

Regardless of the abovementioned outstanding positive effects of PA in women,
according to the WHO data PI is more frequent and severe in the female population
for all age groups, with a global average of 31.7% for inactive women vs. 23.4% for
inactive men [18,28].

Going deeper into the statistical details, the latest National Health Interview Survey
(NHIS) data about the levels of PA in the civilian non-institutionalized population of the
United States (U.S.) suggested that the prevalence of PI decreased from 40.5% (1998) to
25.6% (2018), with a concomitant increase in meeting the recommended high aerobic PA
levels from 26.0% (1998) to 37.4% (2018). However, the prevalence of PI in 2018 was still
higher in women (27.8%) than in men (23.2%), and the prevalence of high aerobic PA levels
remained lower in women (33%) than in men (42%) [29].

In Europe, about 35.4% of adults, predominantly from southern European countries,
were inactive in 2016; in particular, regular PA decreases with age: only 1 in 4 adults older
than 55 years old exercises at least once a week. In line with U.S. data, fewer women than
men are active in Europe, especially in the youngest age group of 15 to 24 years old (73% of
active men compared with 58% of active women) [30].

There are several multifaceted obstacles to women’s participation in PA and sports that
can be divided into three main categories: economic and socio-cultural barriers, practical
barriers, and knowledge barriers. Among the significant economic and socio-cultural
barriers are the wrong belief that sport is masculine and exclusive, low female self-esteem,
parents’ disagreement with sport, the fear of scholastic failure, family care, and housework.
Practical obstacles include poverty, lack of financial resources, scarcity of leisure time, and
scarcity of accessible, safe, and appropriate facilities. Finally, knowledge barriers include
the need for more knowledge about the benefits of PA [31,32].

The PA gender gap begins early in life and may have short-term and long-term adverse
effects on health outcomes, especially regarding CV status [33].

This paper aims to provide an up-to-date review of the evidence of PI and the ben-
efits of PA in the female population throughout all women’s life stages, underlining the
need for global commitment to endorse strategies to bridge the PA gender gap, over-
come barriers to women’s participation to PA, and limit PI in current and future female
generations (Figure 1).
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Figure 1. Physical activity (PA) benefits compared with physical inactivity (PI) adverse effects
throughout women’s life stages and across different clinical scenarios. Abbreviations: CV, cardiovas-
cular; NC, non-communicable; CVD, cardiovascular disease.

2. Physical Activity and Inactivity in Infancy and Adolescence

2.1. Benefits of Physical Activity

In children and adolescents, regular PA provides many benefits regarding CV and
cardio-metabolic fitness, bone health, mental well-being, and cognitive outcomes. Young
people represent 24% of the worldwide population, and investing in their health is crucial,
as childhood PA can affect adult health, with a biological and behavioral carry-over effect
into adulthood regarding the global health status and a fitter lifestyle [34–36].

In 1989, Blair et al. proposed a model for the health consequences of childhood PA,
suggesting that three main benefits derive from sufficient childhood PA: 1. improvement
in childhood health status; 2. improvement in childhood quality of life; 3. improvement
in adult health status. All three could significantly delay the onset of chronic disease
and maintain sufficient activity in adulthood [37]. Much scientific evidence supports
these hypotheses and confirms PA’s significant positive effect on cardiorespiratory fitness
(CRF), body composition, insulin resistance, and CVD risk factors in childhood. Several
observational studies documented the dose–response relations between PA and health,
suggesting that the higher the PA, the greater the health benefit. However, experimental
evidence suggests that even limited amounts of PA, especially if aerobic-based and of
moderate or vigorous intensity, can provide great health benefits, especially in high-risk
adolescents (i.e., obese with high blood pressure) [38]. It is well known that CRF is a
good predictor of CV health starting from childhood, as higher levels of CRF in this
period correlate to a better CV profile in adulthood. Data from the Healthy Lifestyle in
Europe by Nutrition in Adolescence (HELENA) study, in a population of 3528 adolescents
from 10 European centers, confirmed the strong association between CRF and the ideal
CV health index, according to the American Heart Association (AHA) indicators, and
suggested that a CRF cutoff level of 40–47 mL/kg/min for boys and 35–42 mL/kg/min
for girls is associated with a better CV health profile [39]. Other data from the HELENA
database demonstrated that vigorous PA, rather than low-intensity PA, is effective in
preventing obesity in adolescents, being negatively associated with indices of fat mass and
positively associated with markers of muscle mass; in contrast, both average PA and at least
moderate PA reduce total and central body fat in youth [40,41]. Moreover, higher vigorous
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PA (≥30 min/day) and lower sedentary behavior (<2 h/day) have a protective effect
on cardio-metabolic risk factors [42]. Another sub-analysis from the HELENA database
showed a negative association between PA and markers of insulin resistance, with low
CRF modifying this relationship, especially in female adolescents [43]. A systematic review
by Janssen et al. examined the relationship between PA and global health in school-aged
children and young adults. The authors concluded that even if the results from many
observational studies suggest a direct relationship between the amount of PA and the
relevance of health benefits, several experimental studies revealed that even a limited
volume of PA can have substantial health benefits in the young population at high CV risk.
Regarding the type of PA, it seems that aerobic PA is successful at controlling blood pressure
within both sexes, even if the effects of the volume and intensity of PA on blood pressure
and the effect of age on the relationship between PA and blood pressure are still to be
clarified [38]. The beneficial effects of PA on metabolic and psychological status have been
confirmed even in children with type 1 diabetes [44]. Furthermore, moderate-to-vigorous
PA is also associated with better sleep efficiency, the latter being associated with higher
levels of CRF and a more favorable cardio-metabolic profile, as confirmed by a systematic
review by Saunders et al. [45–47].

2.2. Sedentary Behavior and Physical Inactivity Disadvantages

PI in childhood and adolescence is related to unfavorable health adaptations that start
from childhood and follow children and adolescents throughout adulthood, leading to
higher composite risk factor scores for CVD and a potential decline in CV health [48,49].
PI in children and adolescents leads to increased morbidity since many of the chronic
conditions of adults, including early atheromatosis, start in childhood [50].

According to several prospective studies, changes in body fatness are associated with
PI; in particular, in children, an inverse relationship between the level of fatness and
energy expenditure has been described, suggesting that the latter profoundly impacts the
development of obesity [51]. Other adverse health habits have been correlated with PI, such
as higher fat intake and cigarette smoking, according to data from the Cardiovascular Risk
in Young Finns Study, suggesting that the covariance of PI with other negative health habits
in youth affects the development of CVD later in life [52]. Exposure to CV risk factors early
in life may influence vascular health, causing modifications to the development of structural
and functional vascular changes, i.e., increased intima–media thickness and pulse wave
velocity, which are related to early atherosclerosis [53,54]. PI seems to be associated with
the accumulation of numerous harmful habits in adulthood, with the strongest association
documented in females [52,55]. Consistent with the latest epidemiological data, most
adolescents do not meet current PA guidelines, with a trend relatively stable over the past
decade [56]. The latest WHO records reported that, in 2018, across 26 European Union
Member States, only 17.6% of boys and 9.6% of girls met the recommendation regarding PA,
with Portugal, France, and Italy reporting the lowest prevalence of PA among adolescents.
An important consideration is that PA prevalence in pediatrics is inversely proportional to
age, with the achievement of the recommended amount of daily PA ranging from 24% in
children aged 11 to 19% at age 13 and 15% at age 15 [57].

Furthermore, in most countries, girls are less physically active than boys, with a preva-
lence of recommended levels of PA less than 20% in female adolescents and a subsequent
further increase in PI into adulthood [58–61]. The causes for this gender disparity in PA
involvement are still poorly understood [5]. Family support appears to be a consistent
factor associated with the PA of both male and female adolescents; in contrast, low self-
esteem, lack of interest and awareness about the role of PA, time limitations, scarcity of
economic resources, and parental authority seem to influence girls’ participation in PA,
especially in low-income countries [62,63]. Ricardo et al. have recently examined records
from the Global School-Based Student Health Survey, collected among adolescents from
13 to 17 years old from 64 Global South countries between 2010 and 2020. The pooled
ratio for all countries showed that boys presented a PA prevalence 1.58 times higher than
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that of girls on average, with the highest absolute and relative inequalities in high-income
countries [64].

2.3. Proposal for Intervention

As stated in the 2020 WHO guidelines, school-age youth (5–17 years) should partici-
pate daily in 60 min or more of moderate-to-vigorous PA (MVPA), mostly aerobic; activities
focused on musculoskeletal strength should be incorporated at least 3 days a week. Seden-
tary behavior (SB, defined as any waking behavior characterized by an energy expenditure
of ≤1.5 metabolic equivalents while in a sitting, reclining, or lying posture) should be
limited as much as possible, especially in terms of recreational screen time [65,66].

The “PI pandemic” should be prevented from early childhood, as there is no doubt
that early lifestyle-related factors significantly influence individual’s biological risk factor
profile, and childhood appears to be the most appropriate period for positive lifestyle
adoption. Schools should offer children curriculums concentrated on the harmful effects of
PI and on the positive effects of PA, and should strongly encourage physical practices to
ensure that the recommendations for daily PA are embraced and met in student populations
and to reduce SB [67]. Physical education teachers should be conscious of their central role
in limiting gender inequality, endorsing activities potentially appealing for female students,
and eliminating heterosexism and homophobia [68]. According to the latest evidence from
systematic reviews, the most successful school-based interventions among adolescents to
reduce PI used whole-of-school methodologies combining curricular activities with the
broader school environment and the local community [69]. Moreover, playing on sports
teams and participating in physical exercise classes may contribute more to global activity
in girls [70]. However, these interventions demonstrated only minor results when PA was
assessed quantitatively, i.e., using an accelerometer [71,72]. School-based interventions
should promote PA programs that institutional teams will be determined to implement
and that the involved adolescents are encouraged to support. PA initiatives should focus
on the specific requests and necessities of adolescents. In this regard, a study by James
et al. explored the recommendations made by a group of teenagers from secondary schools
to improve PA engagement, highlighting a significant gap between the most proposed
activities and the adolescents’ needs. According to adolescents’ suggestions, the activities
should be cheaper, more locally accessible, and specific to teenagers, with a broader choice
of proposed activities. Teenage girls stressed their need to engage in enjoyable activities
that should not be competitive but friendly and entertaining. Moreover, both boys and girls
strongly agree on the need for increased opportunities to participate in more unstructured
activities [73]. Finally, it is crucial to offer sufficient education on gender equality for
teachers and students, and future research is needed to further clarify the role of all the
social and environmental factors potentially related to PI, to propose new approaches to
overcome the inactivity phenomenon from the first decades of life.

3. Physical Activity and Inactivity in Pre-Pregnancy, Pregnancy, and Post-Pregnancy Period

3.1. Benefits of Physical Activity

The AHA statement on women’s CV health underlines the importance of lifestyle inter-
ventions in the “Life’s Simple 7”, a list of the 7 most important health factors (diet, PA, non-
smoking, body mass index, blood pressure, lipids, and glycemia), recently revised to “Life’s
Essential 8”, incorporating sleep health as the 8th metric [74]. Among the abovementioned
CV health metrics, PA can counteract CV risk factors before, during, and after pregnancy,
and according to the latest evidence, the improvement in maternal cardio-metabolic health
is reflected in the cardio-metabolic health of the fetus and future offspring [75,76]. The
exposure of a fetus or neonate to specific risk factors, namely, developmental programming,
can influence the development of CVD in later life. Much evidence has confirmed that ma-
ternal CV risk factors can influence both endothelial and glucose homeostasis in offspring,
increasing the risk of developing early endothelial dysfunction and insulin resistance. In
contrast, hypertensive disorders of pregnancy (HDP) can affect maternal health and fetal
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growth, which are, in turn, associated with increased CV risk later in life [77–79]. Moreover,
it seems that CV risk factors, both micro- and macro-vascular, track from mother to child,
regardless of environmental exposures and pregnancy complications, causing an adverse
CV profile in the offspring at a 6- to -9 year follow-up [80].

There are several benefits of PA for maternal cardio-metabolic health including pos-
itive vascular remodeling and angiogenesis, improved endothelial function and arterial
stiffness, reduced oxidative stress, and decreased levels of inflammatory cytokines and
cortisol [81,82]. A greater amount of leisure-time PA in the first trimester of pregnancy
leads to a lower risk of adverse pregnancy outcomes (APOs) [83]. Additionally, women
who exercise as recommended have a 30% lower risk of developing HDP, including ges-
tational hypertension and pre-eclampsia, and experience a reduced CV risk profile in
perimenopause [81,84]. PA has also been associated with a meaningful reduction in gesta-
tional weight gain and post-gestational weight retention, both related to a higher risk of
short- and long-term CV events, especially in women with a history of gestational diabetes
and HDP [85–87]. Finally, PA causes a decline in the odds and severity of maternal men-
tal issues, i.e., anxiety and prenatal depression, related to an increased risk of new CVD
within 24 months postpartum. Moreover, PA significantly improves the maternal quality
of life, along with reduced stress and cortisol levels, both associated with lower maternal
oxidative stress and a better long-term metabolic environment of the offspring [82,88,89].
Furthermore, PA improves fertility and assisted reproductive therapy outcomes, as well as
metabolic profile in polycystic ovary syndrome, which is recognized as the leading cause
of anovulatory infertility [90,91].

3.2. Sedentary Behavior and Physical Inactivity Disadvantages

A statement from the American Heart Association (AHA) on women’s CV health and
its influence on pregnancy complications has been recently published [92]. According to
the latest statistics, less than 1% of young adults of reproductive age have optimal CV
health, and almost 1 in 5 births experiences an APO, with a substantial increase in cases
over the past decade, especially regarding HDP [93,94].

A recent study by Silva-Jose et al. showed that although in the last 15 years there
has been a substantial intensification in physical practice in the pregnant population, the
current levels are still very far from the international recommendations [95]. Even if more
than two-thirds of pregnant women participate in some type of recreational PA, the per-
centage of pregnant women exercising at the recommended level is still low, ranging from
15 to 27.3% [96,97]. Recent data from a Swedish epidemiological study showed a correlation
between longer sedentary time during pregnancy and the increase in blood loss during
delivery/postpartum, as well as worse self-rated health during pregnancy [97]. Pregnancy
determines several physiological, cardio-metabolic adaptations in the mother, essential
to support fetal development. In women with pre-pregnancy elevated cardio-metabolic
risk factors, mainly exacerbated by PI, these phenomena may indicate the occurrence of
APOs [98,99]. APOs are strongly related to the risk of subsequent CVD and long-term
kidney disease, and the pre-pregnancy period could be involved in the pathophysiology
of APOs [98,100]. For example, women with obesity and abnormal pre-pregnancy blood
pressure, as well as women with pre-pregnancy insulin resistance or a family history of
diabetes, are more likely to develop pre-eclampsia or gestational hypertension or gesta-
tional diabetes, respectively, compared with women without these conditions [101,102].
Among APOs, HDP seems to be associated with an increased risk of atherosclerotic CVD,
hemorrhagic stroke, and heart failure. In contrast, gestational diabetes, preterm delivery,
placental abruption, miscarriages or stillbirths, and the presence of anomalies in the weight
of the newborn seem to be associated with an increased risk of atherosclerotic CVD [98].
The association between APOs and the risk of subsequent CVD is so important that the
2011 AHA guidelines for the prevention of CVD in women recommends including a history
of APOs in the CVD risk evaluation in women. Moreover, APOs should be considered
CV risk enhancers in evaluating statin prescriptions for CVD prevention [103,104]. Ad-
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ditional studies are needed to assess the impact of different levels of sedentary time on
pregnancy outcomes [97].

3.3. Proposal for Intervention

The 2020 WHO guidelines on PA and SB recommend that all pregnant women, without
contraindication, should do at least 150 min of moderate-intensity aerobic PA throughout
the week, with a variety of aerobic and muscle-strengthening activities, replacing sedentary
time with PA of any intensity, including light intensity [105,106].

Similarly, many governments have developed guidelines for PA during pregnancy, re-
cently summarized in a review by Hayman et al., highlighting the remarkable concordance
in the recommendations offered worldwide [107].

All women’s healthcare providers should absorb and adopt the guidelines and effi-
ciently support safe involvement in PA before, during, and after pregnancy, with effective
lifestyle counseling that should start in the pre-conceptional period and continue during
the postpartum months and beyond, as PA represents an investment in future CV health,
especially during the menopausal transition [98,108].

4. Physical Activity and Inactivity in Perimenopause and Beyond

4.1. Benefits of Physical Activity

Menopause is considered one of the emergent non-modifiable CV risk factors in
the female population, being associated with a decline in ovarian hormone concentra-
tions that leads to cardio-metabolic negative adaptations and increased inflammatory
status [2,109]. The noticeable changes in cardio-metabolic health observed in this scenario
may be partially explained by modifiable lifestyle factors such as PI [110]. In this regard,
PA represents a valuable tool to counteract these undesirable adaptations, especially if
women exercise with a high level of adherence to a fitness program. Moreover, PA can
improve the immune-neuroendocrine profile and serum angiogenic properties during the
menopausal transition [111–115]. Regarding aerobic exercise, continuous aerobic training
and high-intensity aerobic interval training can elicit the same physiological benefits in
terms of a reduction in plasma glucose, insulin, homeostasis model assessment-adiponectin,
and insulin resistance and an increase in plasma high-density lipoprotein-cholesterol,
adiponectin, and aerobic fitness [116]. Perimenopausal women can also benefit from reg-
ular strength training, which can help to improve bone density, reduce body fat, and
build skeletal muscle mass, maintaining adequate physical performance [117–119]. Both
aerobic and resistance training, alone or in combination, can improve CRF and muscular
strength in this population [120]. Moreover, a moderate-to-intense PA is crucial to protect
or ameliorate cognitive health through body movement [121]. Finally, a recent study by Wu
et al. suggests a strong negative correlation between PA and the severity of menopausal
symptoms, with higher PA levels correlated with a better perceived health status [122].

4.2. Sedentary Behavior and Physical Inactivity Disadvantages

Despite the abovementioned and well-known health benefits, few adults, and fewer
older adults, especially in the postmenopausal female population, meet recommended
guidelines [123]. Furthermore, older women seem generally more sedentary and less active
than older men [124].

In this population, SB has been associated with metabolic disorders, obesity, CVD,
cancer, mortality, and psychological distress, as well as with adverse changes in coagulation
homeostasis and severe menopausal symptoms [125,126]. Therefore, reducing seden-
tary activity provides an alternative strategy to reduce the risk of CVD and CVD-related
mortality [108,127,128]. Further attention should be paid to supporting menopausal women
in maintaining an adequate level of spontaneous PA when they regularly exercise, as it
seems that the involvement in a planned program of physical exercise may result in
a decline in spontaneous PA, which in turn reduces the positive effects of exercise on
lipid profile [129,130]. The baseline spontaneous PA and leptin-to-fat-mass ratio of post-
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menopausal women involved in exercise training seem to be negative and independently
correlated with a subsequent reduction in spontaneous PA [131].

4.3. Proposal for Intervention

The 2020 WHO guidelines on PA and SB recommend that adults and older adults
with chronic conditions should perform at least 150–300 min of moderate-intensity aerobic
PA, or at least 75–150 min of vigorous-intensity aerobic PA, or an equivalent combination
of moderate- and vigorous-intensity activity throughout the week for substantial health
benefits [105].

Every woman needs to find an enjoyable activity that fits into her daily lifestyle [132,133].
Menopausal women should aim for 30 min of moderate-intensity PA every day, i.e., walking,
jogging, swimming, cycling, dancing, and gardening. Other beneficial activities include
strength training and balance exercises, which are especially important as women age which
can increase the risk of falls. Healthcare professionals should actively promote PA as a
cheap and effective therapy free of side effects in menopausal women, taking into account
both known facilitators (i.e., program adaption, gratification, and setting) and strategies to
overcome barriers to PA participation (i.e., lack of social and economic support and exercise
experience) in order to improve women’s adherence to fitness programs [134,135]. In this
sense, the positive effects of PA should be optimized according to women’s life habits. For
instance, the evening execution of a walking program may lead to better positive effects in
terms of body composition improvement, potentially linked to spontaneous dietary habit
modification [136]. Increased sedentary time should also be strongly discouraged as a negative
compensatory adaptive response to exercise training [131].

5. Physical Activity and Inactivity in CVD

5.1. Benefits of Physical Activity

The inverse association between PA and CVD has been extensively validated, espe-
cially in high-risk subgroups, including patients with metabolic syndrome, current smokers,
and older adults.

This positive relationship has also been confirmed in the female population, as shown
by Paynter et al. in the WHI-OS (Women’s Health Initiative Observational Study), demon-
strating that recreational PA was the only lifestyle factor independently associated with
incident CVD when added to traditional risk factor models [137]. PA seems to be similarly
effective in preventing CVD among women with varying levels of global CV risk [24]. Even
light-to-moderate PA is associated with lower coronary heart disease rates in women, and
higher daily life movement has been independently associated with a lower CV risk in
older women [138]. Combining different PA interventions is the most effective way to
reduce CV risk factors in women [139].

5.2. Sedentary Behavior and Physical Inactivity Disadvantages

Current records from clinical trials suggest that PA alone is not enough to reduce the
risk of CVD, especially in older adults, as both PI and SB negatively influence CV health
status, especially in older women, regardless of the level and intensity of PA [127]. Data
from the Women’s Health Initiative confirmed the presence of a linear connection between
more significant amounts of sedentary time and mortality risk after controlling for multiple
potential confounders [140]. In the same population, prolonged sitting time was associated
with increased CVD risk in postmenopausal women without a history of CVD, independent
of leisure-time PA [141].

Moreover, Ekelund et al. described a statistically significant higher risk of death for
sedentary times of 9.5 or more hours daily [127,142,143]. On the other hand, lower sedentary
time is associated with lower all-cause mortality [144]. High sedentary time and long mean
bout duration have been associated in a dose–response manner with increased CV risk
in a subcohort from Women’s Health Initiative [126]. Moreover, a positive correlation
between prolonged SB periods and worsening arterial stiffness, a well-known prognostic
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marker for CVD, has been recently highlighted in a population of 1125 women from the
Physical Activity and Health in Older Women Study, with more prolonged bouts of SB
being associated with higher levels of arterial stiffness [145]. Patients with CVD exhibit
considerably higher amounts of SB than healthy controls and show low engagement in
moderate-to-vigorous PA even following specific cardiac rehabilitation programs [146].

Duran et al. demonstrated, in a population of 149 patients with acute coronary
syndrome (30.2% women), that during the first month post-discharge there is a significant
tendency to accumulate high volumes of sedentary time, with most patients showing slight
improvement over time [147]. This negative lifestyle adaptation is associated with a worse
long-term prognosis among patients with acute coronary syndrome as high SB, mainly
when associated with low PA, strongly correlates with poor cardiorespiratory fitness [148].
Incremental tertiles of time-varying SB also correlate with an increased risk of incident
HF in postmenopausal women, according to the data from the Women’s Health Initiative
Observational Study by LaMonte et al. [149].

5.3. Proposal for Intervention

The latest guidelines on CVD prevention in clinical practice, endorsed by the European
Society of Cardiology, suggest that every patient with atherosclerotic CVD events or with
a history of heart failure should participate in a medically supervised, structured, and
exercise-based cardiac rehabilitation program that should start as soon as possible after the
initial CV event. The program should be tailored to each patient and include both aerobic
and resistance exercises [150–152]. A specific tool, namely, the EXPERT tool (Exercise
Prescription in Everyday Practice and Rehabilitation Training), has been proposed to
optimize exercise training. Home-based telemonitoring and telehealth interventions have
been suggested to increase rates of participation. The efforts of every clinician should
be focused on the improvement of adherence to a rehabilitation program and on specific
interventions aimed at reducing SB, i.e., the use of an interactive accelerometer equipped
with cloud-based services to store and monitor patient’s habitual activity online in order
to create a patient’s habitual activity and SB profile, which can be supervised over long
periods of time [152–155].

6. Current Evidence on Physical Activity and Inactivity in the COVID-19 Pandemic

It has been widely demonstrated that the health policy reactions to the COVID-19
pandemic, with lockdown and significant movement restrictions, caused widespread
effects on CV risk. The significant limitation of economic and social activities has led
to unemployment, increased sedentary time, social isolation, and increased incidence of
mental health issues, all of which are well-recognized risk factors for CVD and associated
with worsening CV outcomes [156]. The pandemic has been a stressful time for everyone,
especially for women when juggling work and home life. Women are often expected to be
the primary caretakers for their families, and with the extra stress of the pandemic, it has
been even more difficult for them to manage.

Many studies demonstrated that women of all ages were significantly less physically
active than men during COVID-19 and reported more barriers and fewer facilitators to PA
than men, with a significant worsening in psychological health. On the other hand, women
who engaged in more PA had improved mental health scores [157–160].

Given these premises, home-based PA programs for the prevention of PI and SB
during the COVID-19 era have been strongly suggested as powerful tools to preserve both
general and CV well-being and mental health, especially in women who were severely
affected by emotional stress and anxiety, with a potentially devastating impact on CV risk
burden [161–167].

Recently, the “Long COVID syndrome” or “post-acute sequelae of COVID-19” (PASC)
is emerging in clinical practice. This condition occurs 3 or more weeks after the original
infection and is characterized by symptoms lasting for at least 2 months, with no other
explanation, in subjects who have had a severe, moderate, or mild form of COVID-19,
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mainly females [168–172]. The persistence of SARS-CoV-2 symptoms severely affects func-
tional and emotional status, as well as leisure-time PA, especially in the female population,
limiting PA participation and decreasing both CV health and quality of life [173–175].

PASC has been associated with more than 100 symptoms, including fatigue, anxiety,
depression, sleep disorders, and CV symptoms and complications, including palpitations,
chest pain, and dyspnea, the latter being reported in 5–29% of COVID-19 survivors [176].
Furthermore, independent of symptom burden, women with PASC seem to experience
a worsening in vascular health, with higher levels of blood pressure and central arterial
stiffness [177]. The latest consensus statement by the American Academy of Physical
Medicine and Rehabilitation highlighted that PI is strongly correlated with CV morbidity
and mortality, more severe COVID-19, and risk of PASC [178]. The authors recommend
exercise training as an effective intervention to improve both mental health issues and
CV complications, paying attention to minimizing or avoiding post-exertional symptom
exacerbation (PESE), which has been extensively described in this population [179–183].

7. Conclusions and Future Directions

PI represents a real global emergency as it significantly affects general and CV well-
being, especially in women that are globally more inactive compared with men. Gender
differences in terms of PA are tangible and exist across all age groups and clinical scenarios.
The equal opportunity for everyone to be active from a young age and maintain activity
should be provided worldwide and would represent an actual investment in short- and
long-term global health.

Many studies confirmed that increasing PA in the population would reduce working-
age mortality and morbidity and increase productivity, with significant economic gains
for the economy worldwide, especially in high-income countries [184]. Moreover, pre-
pregnancy and pregnancy CV health should be considered a central target to improve
women’s lifelong health but also the health of the birthing individuals over their life
course [92]. Recently, the latest global status report on PA by the WHO highlighted that,
although national guidelines to fight NCDs and PI have increased in recent years, currently
only 72% of policies are reported to be supported or applied. Moreover, it seems that
only just over 50% of countries have planned a mass participation PA event or a national
communications campaign about PA in the last 2 years. Governments should help break
down barriers to women’s participation in sport, promoting different regulations to provide
everyone with access to PA and suitable infrastructures to ease protected access and privacy
in facilities. Schools and universities, sports societies, non-governmental associations, and
local initiatives can also play an essential role in accelerating this revolution, spreading
the need for gender equality in PA and promoting projects focused on the existing barriers
to women’s awareness of and access to PA, and claiming more space and involvement
for women in sport. Proposed activities should be tailored to the specific requests and
necessities of the female population of every age.

Health education messages supplied to mobile devices, focused on the role of an active
lifestyle on CV fitness, promoting the WHO’s guidelines on PA levels, and explaining the
adverse effects of PI and SB by captivating visual content may constitute an effective tool
to improve health literacy, especially in the youngest population [185].

Strategies to reduce the gender gap should be highlighted in efforts to increase PA
levels in all age groups and in all countries, from childhood to old age, to achieve radical
changes at every level through multidisciplinary and cross-sectoral collaboration to increase
levels of PA in current and future generations, as stated in the WHO Global Action Plan
on PA 2018–2030 [64,186].
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Abstract: Heart failure (HF) is a significant disease affecting 1–2% of the general population. Despite
its general aspects, HF, like other cardiovascular diseases, presents various gender-specific aspects
in terms of etiology, hemodynamics, clinical characteristics, therapy, and outcomes. As is well
known, HF with preserved ejection fraction more frequently affects females, with diabetes and
arterial hypertension representing the most critical determinants of HF. On the other hand, women
are traditionally underrepresented in clinical trials and are often considered undertreated. However,
it is not clear whether such differences reflect cultural behaviors and clinical inertia or if they indicate
different clinical profiles and the impact of sex on hard clinical outcomes. We aimed to review the
sex-related differences in patients affected by HF.

Keywords: acute heart failure; gender medicine; pharmacological treatments; prognosis

1. Introduction

Heart failure (HF) is a prevalent and progressive clinical syndrome characterized by
cardinal symptoms and typical signs. It arises from structural and functional abnormalities
in the heart, leading to elevated intracardiac pressures or inadequate cardiac output, both
at rest and during exercise.

The classification of HF has been delineated into distinct phenotypes based on left
ventricular ejection fraction (LVEF): HF with reduced EF (HFrEF) with an EF ≤ 40%, HF
with mildly reduced fraction (HFmrEF) with an EF ranging from 41% to 49%, and HF with
preserved EF (HFpEF) with an EF greater than 50% [1].

Noteworthy gender disparities exist within the HF spectrum. HFrEF predominantly
affects men, while women are more predisposed to HFpEF due to distinct comorbidities
such as hypertensive heart disease (more prevalent in females) and diabetes. Additionally,
sex-specific pathophysiological factors, including pregnancy-related disorders, nulliparity,
loss of estrogen, premature menopause, and consequences of breast cancer treatments
such as chemotherapy and radiotherapy-induced cardiomyopathy, contribute to these
differences [1–4].

2. Gender Differences in Risk Factors for Heart Failure

There is a growing body of evidence highlighting the significance of gender differences
in the epidemiology, pathophysiology, treatment, and outcomes of various diseases, and
cardiovascular disease (CVD) is no exception. Sex differences refer to biology-related dis-
tinctions between women and men, stemming from diverse sex chromosomes, sex-specific
gene expressions of autosomes, sex hormones, and their respective impacts on organ sys-
tems. Concurrently, gender differences result from sociocultural processes, encompassing
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distinct behaviors, exposure to specific environmental influences, dietary patterns, lifestyles,
stress, and variations in attitudes toward treatments and prevention between women and
men [5].

Furthermore, women face sex-specific risk factors for HF, particularly associated with
complications arising from pregnancy [4].

Epidemiological studies indicate that diabetes mellitus (DM) presents a more potent
risk factor for CVD in women compared to men [6]. As reported by Kautzky-Willer et al.,
sex hormones play a significant role in influencing energy metabolism, body composition,
vascular function, and inflammatory responses [7]. Indeed, endocrine imbalances are
associated with unfavorable cardiometabolic traits, evident in women with androgen
excess or men with hypogonadism [7]. While in men, DM is often diagnosed at a younger
age and lower body mass index (BMI), obesity, a prominent risk factor, is more prevalent in
women [7] (Figure 1).

Figure 1. Main gender differences in clinical profile, pharmacological treatment, and prognosis
in patients hospitalized for heart failure. COPD: chronic obstructive pulmonary disease. ARBs:
angiotensin receptor blockers. SGLT2i: sodium-glucose co-transporter 2 inhibitor. CRT: cardiac
resynchronization therapy. ICD: implantable cardioverter defibrillator.

Therefore, crucial parameters to consider include BMI, with normal values ranging
from 18.5 kg/m2 to 24.99 kg/m2, and waist circumference, with reference values of <80 cm
in women and <94 cm in men. The Framingham study showed that women with obesity
have an increased risk of coronary heart disease (CHD) of 64% compared to 46% among
men with obesity [8].

Furthermore, in the realm of pregnancy-related risk factors for HF, conditions such
as gestational diabetes and preeclampsia are at the forefront. The INTERHEART study
pointed out that gestational diabetes heightens the likelihood of developing type 2 diabetes
and experiencing a myocardial infarction [9]. Similarly, preeclampsia increases the risk of
hypertension, coronary artery disease, stroke, and HF for up to four decades following
the pregnancy.

Evidence suggests that the evolution of lifetime blood pressure (BP) varies between
women and men, potentially leading to an increased CVD risk at lower BP thresholds [5].
Generally, the diagnosis and treatment of hypertension are similar between genders, except
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for women of childbearing potential or during pregnancy. The 2023 ESC Guidelines for the
management of cardiovascular disease in patients with diabetes emphasize how during
these periods, certain drugs, such as RAS blockers, can have adverse effects on the fetus,
particularly in early gestation [6].

These distinct risk factors are not isolated pathologies but rather interact with each
other. When compared to women and men without DM, women typically exhibit more
notable differences in BP and higher rates of hypertension than men at the time of DM
diagnosis [10]. Additionally, women tend to have poorer BP control following diagno-
sis. Furthermore, sex-specific hypertension-mediated organ damage is associated with
a significantly elevated risk of HF with preserved ejection fraction (HFpEF) in women,
especially in the presence of DM [6]. Ventura-Clapier et al. demonstrated that women with
hypertension have a 3-fold higher risk of HF or stroke than men and have higher rates of
recurring myocardial infarction (MI) after an initial MI [11].

Evidence indicates that sex hormones and sex-specific molecular mechanisms play a
role in influencing glucose and lipid metabolism, as well as cardiac energy metabolism and
function. Males tend to have a more pro-atherogenic lipid profile, characterized by lower
high-density lipoprotein and higher low-density lipoprotein and triglycerides [12].

Dyslipidemia emerges as a significant contributor to gender-based variations observed
in HF. As shown by Meloni A. et al., the impact of abnormal lipid profiles, including
elevated levels of cholesterol and triglycerides, varies between men and women, influencing
the development and progression of HF differently [13]. Recognizing these gender-specific
aspects of dyslipidemia is crucial for tailoring effective preventive and therapeutic strategies
for HF in both male and female populations.

Cigarette smoking accounts for 50% of all preventable deaths in smokers, with half of
these attributable to atherosclerotic cardiovascular disease. Notably, prolonged smoking
poses a greater risk for women than men [5]; however, a meta-analysis of over three million
individuals demonstrated that except for women aged 30–44 years, female smokers had a
25% greater risk of CVD than male smokers [14].

Young women who smoke face an elevated risk of sudden death due to MI, the
pathology most strongly associated with smoking. The risk of myocardial infarction in male
smokers is approximately five times higher than in women, with an increase corresponding
to the number of cigarettes smoked. This difference is believed to be linked to the protective
role of female hormones in the cardiovascular system [15].

In summary, given the under-representation of women in clinical trials and the absence
of evidence for sex-specific recommendations regarding CVD management, the implemen-
tation of sex-balanced recruitment strategies is recommended for future cardiovascular
outcome trials. Most importantly, concerted efforts should be made to ensure that women
receive equal healthcare opportunities in the management of CVD.

3. Gender Differences in Pathophysiology

As remarked by Lam et al., microvascular dysfunction is attributed to endothelial
inflammation, often stemming from cardiometabolic comorbidities such as obesity, which
is more prevalent in females, and diabetes, disrupting the nitric oxide (NO) pathway [1].

In women, many sex-related conditions can lead to microvascular disease, such as
postmenopausal estrogen loss and a higher tendency of autoimmune diseases, consequently
leading to the increased production of pro-inflammatory cytokines. This, coupled with
diastolic dysfunctions often caused by autoimmune diseases, adds to the complexity of the
cardiovascular scenario [1].

Ischemic cardiopathy is the primary cause of HF with reduced ejection fraction (HFrEF)
in both genders, while among the non-ischemic causes, hypertensive heart disease emerges
as the predominant cause of HF with preserved ejection fraction (HFpEF). Long-standing
hypertensive heart disease can progress to HF through cardiomyocyte dysfunction, fibrosis
due to increased extracellular matrix, and the rarefaction of intramyocardial microvascu-
lature. Diastolic dysfunction commonly presents early in HFpEF caused by hypertensive
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heart disease, induced by persistent pressure overload, and it results in concentric left
ventricular hypertrophy [16].

An acute and transient HF presentation is frequently observed in Takotsubo car-
diomyopathy, being more prevalent in females and triggered by impaired neurohormonal
regulation during acute emotional or psychological stress. Women experiencing higher
psychological distress are more prone to developing cardiovascular events than men [1]. As
described in Circulation by Pelliccia et al., about 90% of patients with Takotsubo syndrome
are postmenopausal women; women are also more predisposed to experience Takotsubo
major adverse events, including cardiogenic shock, cardiac arrest, and mortality [17].

Breast cancer, the most prevalent cancer in females, presents an additional risk of
HF due to cardiotoxicity from modern anti-cancer treatments, including chemotherapy
and radiotherapy. Cadeddu Dessalvi et al., reported in their review that anthracyclines,
which are a cornerstone for breast cancer and many other oncologic treatments, have a
higher cardiotoxicity in the female sex, and this may be explained by gender differences in
metabolic pathways which represent an intriguing ongoing research field to obtain more
tailored therapies [18,19]. Radiotherapy, on the other hand, is associated with a heightened
risk of major coronary events, such as myocardial infarction and coronary revascularization.
This risk increases linearly with the mean dose to the heart, starting within the first 5 years
post-radiation and continuing for at least 20 years. While cardiomyocytes are resistant to
radiation, radiotherapy induces microvascular endothelial damage, leading to coronary
microvascular artery rarefaction, oxidative stress, and fibrosis. Breast cancer and CVD
share common risk factors, including age, obesity, and tobacco use, which may contribute
to HF development [20,21].

4. Gender Differences in Diagnostic and Clinical Presentation

Diagnostic and clinical approaches at the onset of HF may vary based on the HF
phenotype, clinical presentation, and gender. In terms of clinical presentation, reduced
ejection fraction (EF) is more often associated with the male sex, whereas HFpEF is more
prevalent in females and is linked to worse clinical outcomes [22,23]. At the time of
diagnosis, women tend to present symptoms of chronic HF, such as exertional dyspnea,
jugular vein distention, and peripheral edema, more frequently than men [22–24].

HF is primarily diagnosed clinically, stemming from structural and/or functional
cardiac abnormalities. While the diagnosis is mainly clinical, confirmation and phenotype
classification require an echocardiographic study; alternative diagnostic tools may be
advantageous in specific scenarios [25]. Diagnostic tools that expose patients to radiation,
such as computed tomography and nuclear imaging, are less frequently requested in
females [25].

Biomarker plasma concentrations play a pivotal role in HF diagnosis, and the differ-
ence between men and women can only be partially explained by hormone status. Given
the higher prevalence of HFpEF in women, natriuretic peptides are lower compared to
men, as men are more affected by HFrEF, which typically carries higher natriuretic peptide
levels. There is substantial evidence that most biomarkers, regardless of gender, exhibit
similar diagnostic and prognostic effectiveness [26].

When an ischemic etiology is suspected, patients undergo coronary angiography
without gender differences, but women are less likely to undergo percutaneous coronary
intervention (PCI) in one-vessel disease. They are more likely to undergo PCI in multi-vessel
disease and less likely to undergo coronary artery bypass graft (CABG) [27]. Diagnostic
imaging is crucial in detecting ischemic etiology, particularly in women who frequently
present ischemia and vascular dysfunction without obstructive coronary artery disease
or due to spontaneous coronary artery dissection [28]. Despite the proven efficacy of
pharmacological therapy, intracoronary imaging, and revascularization, women undergo
invasive and non-invasive interventional strategies less frequently than men [29].

Regarding dilated cardiomyopathy, no significant gender differences exist in diagnosis,
and the relationship between gender and the expression of pathogenic gene mutations

49



J. Clin. Med. 2024, 13, 881

remains unclear. Therefore, the role of genetic testing is similar between genders. However,
a gender difference is noted in alcoholic cardiomyopathy, more common in men due to
higher alcohol consumption [30]. Among secondary dilated cardiomyopathies, peripartum
cardiomyopathy affects females and should be considered in the differential diagnosis for
female patients presenting with dyspnea during pregnancy or postpartum [31].

Stress cardiomyopathy is more frequent in the female sex, with men commonly pre-
senting with a physical trigger and being more prone to developing cardiogenic shock
with worse clinical outcomes [32]. Myocarditis incidence is not significantly dissimilar
between genders, but some registries indicate that men are hospitalized more frequently
than women, despite there being higher mortality rates in women [33].

5. Gender Differences in Medical Treatment and Relationship with Invasive
Cardiological Care or General Medicine Care

5.1. Medical Treatment

Current guidelines do not differentiate HF therapies between women and men, despite
evidence pointing to gender differences. Primarily, variations in pharmacokinetics and
pharmacodynamics contribute to differences in drug absorption, distribution, metabolism,
excretion, and, consequently, drug effects [34,35].

Moreover, adverse drug effects vary between genders, with women experiencing
1.5 times higher rates than men. For instance, women with HF receiving diuretic therapy
are more prone to ion imbalance and subsequent severe arrhythmias or ACE inhibitor
cough [36].

The benefits of beta-blocker treatment in the context of HF with reduced ejection
fraction are well-established for both males and females, as demonstrated by the “COPER-
NICUS” and “CIBIS II” trials [37,38]. Although the “MERIT-HF” trial did not find a
beneficial effect on mortality in small subgroups of women [39,40], a post hoc analysis
revealed a reduction in all-cause death or hospitalization in both women and men, with a
more marked difference in the reduction in the risk of HF hospitalization in women [41].

In all the mentioned trials, females have been notably underrepresented, including in
the evaluation of the efficacy of ACE inhibitors and angiotensin receptor blockers (ARBs)
in HF patients. A post hoc analysis of the “CONSENSUS” study did not show a significant
reduction in the primary endpoint of death with the use of Enalapril in women, as observed
in men [37,42,43]. Meanwhile, the ATLAS and HEAAL trials suggested that lower doses
of Lisinopril and Losartan may be effective in women, while men may require higher
doses [44,45].

ARBs may have a more significant treatment effect in females than males in HFpEF.
In the I-PRESERVE trial, Irbesartan showed a lower rate of all-cause mortality or first
cardiovascular hospitalization in women compared to the male subgroup [46].

One of the new milestones in HFrEF treatment is the angiotensin receptor neprilysin
inhibitors (ARNi). The PARADIGM-HF trial significantly favored sacubitril/valsartan over
Enalapril in both males and females for the composite endpoint of cardiovascular mortality
and HF hospitalization, with no significant sex differences [47].

In HFpEF patients, ARNi showed a significant effect on the composite endpoint only in
the female subgroup (RR 0.73 vs. 1.03 in males), with females appearing more responsive to
treatment at higher LVEF ranges than men [48,49]. In a subgroup analysis of the PROVE-HF
trial, the initiation of sacubitril/valsartan in women demonstrated more rapid reductions
in NT-proBNP and earlier reverse left ventricular remodeling [50].

As the RALES and EMPHASIS-HF trials reveal, using mineralocorticoid receptor
antagonists is associated with reducing all-cause death in both males and females in the
NYHA III-IV class, with no sex differences [51,52]. However, there is a sex disparity among
HFpEF patients, as the TOPCAT trial demonstrates that spironolactone reduces the risk of
all-cause death in females but not in males (HR 0.66 vs. 1.06) [53].

The last pillar in the treatment of HFrEF is represented by sodium–glucose cotransporter-
2 inhibitors such as Dapagliflozin and Empagliflozin. Both drugs appear to provide
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benefits, such as a reduction in cardiovascular death and HF hospitalization, in both
genders without significant gender disparity, as revealed in the DAPA-HF and EMPEROR-
Reduced trials [54,55]. The newest EMPEROR-Preserved trial describes similar effects of
Empagliflozin treatment in patients with HFpEF [56]. At the same time, a systematic review
and meta-analysis of the five most essential trials about SGLT-2i, including DELIVER and
SOLOIST, define that the reduction in worsening HF and death from cardiovascular causes
was less pronounced in women [57].

In HFrEF patients, the use of digoxin determines the reduction in HF-related hospital-
izations, as shown by the DIG trial, but a post hoc analysis defined a higher risk of all-cause
mortality in women compared to men [58].

5.2. Invasive Cardiological Care

In the context of ischemic cardiomyopathy, there is a sex-specific disparity in access to
coronary artery bypass grafting (CABG) [59]. However, over ten years, women exhibited
lower all-cause mortality and cardiovascular mortality than men, emphasizing the critical
importance of avoiding any delays in surgery based on gender [60].

Furthermore, gender differences come into play in the management of secondary
mitral regurgitation (SMR) resulting from left ventricular remodeling in HFrEF patients.
Women experience delayed referral for surgical intervention, leading to a less favorable
scenario at presentation, fewer opportunities for valve repair, and a worse postoperative
prognosis [61,62]. The quantitative cutoff values for effective regurgitant orifice area
(EROA) and regurgitant volume are not adjusted for gender, potentially contributing to an
overestimation of SMR severity in women [63,64].

A sub-analysis of the COAPT trial revealed that women undergoing transcatheter mitral
valve repair with the MitraClip had a worse quality of life and functional capacity compared
to men. Although transcatheter edge-to-edge repair (TEER) resulted in improved outcomes
for both genders, the benefits were less pronounced in females (HR 0.78 vs. 0.43 in men) [65].

6. Gender Differences in Non-Medical Treatment: Devices and Surgery

6.1. Cardiac Resynchronization Therapy

Cardiac resynchronization therapy (CRT-P and -D) is now well established as a thera-
peutic option for selected patients with HFrEF and a prolonged QRS interval or when a
high threshold of right ventricle pacing is expected [66]. CRT significantly improves HF
symptoms, reduces hospitalizations, and lowers mortality [67–71].

It is essential to note that women are underrepresented in CRT trials, comprising only
about 20% of enrollees, which complicates the assessment of sex differences. However,
females tend to derive more significant benefits from CRT, particularly in terms of reduc-
tions in mortality, compared to males. Despite this, women undergo device implantation
less frequently [72]. Furthermore, females exhibit a high response rate irrespective of QRS
duration, experiencing a decrease in mortality and HF hospitalization for QRS durations
between 130 and 149 ms in CRT-D recipients. This highlights that a 150 ms duration
threshold for CRT implantation might be a limiting factor in accessing therapy [12].

Fewer women than men undergo CRT implantation [68,69], and a relatively higher
percentage of these patients receive CRT-P instead of CRT-D in Europe [73], with reasons
for this choice remaining unclear. The net clinical benefit from CRT seems similar between
genders, although some evidence suggests that response rates in women may be superior
to those in men [68,69,74,75]. This is possibly linked to a lower rate of ischemic etiology
and fewer scarred segments at baseline compared to men [76]. In a meta-analysis by
Zusterzeel et al. [77], it was found that women exhibit up to a 76% risk reduction compared
to men, suggesting the need for a sex-specific definition of left bundle branch block for
patient selection in CRT, with a potentially lower QRS duration cut-off value for women
and men [1]. Conversely, a recent study revealed that this sex difference may not be a
sex-specific result but may rather be because the smaller height and heart size of women
are the actual predictors of being a responder to CRT [78].
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6.2. Implantable Cardioverter Defibrillator

The implantable cardioverter defibrillator has demonstrated efficacy in reducing
sudden cardiac death in both primary and secondary prevention. However, a notable
challenge is the underrepresentation of women in randomized control trials evaluating ICD
therapy, constituting only 10–32% of enrolled patients [79]. This insufficient representation
hampers the ability of trials to adequately assess sex-specific outcomes. Despite this,
findings from CRT trials indicate that there is not a significant interaction by sex regarding
the benefits of ICD therapy, irrespective of whether the cardiomyopathy is ischemic or
non-ischemic [74,80–82].

Aggregate registry data reveal that woman receiving an ICD experience lower mortal-
ity and a reduced incidence of proper therapies for life-threatening arrhythmias. However,
it is important to note that they also face higher rates of complications, including infection
and pneumothorax [83]. Additionally, women inherently exhibit a lower lifetime risk of
ventricular arrhythmias and sudden cardiac death compared to men.

While various devices such as Cardiac Contractility Modulation and Cardio-MEM
are now available, there is currently no robust evidence indicating significant gender
differences in their effectiveness. Further research is needed to elucidate the potential
nuances in outcomes across genders associated with these emerging technologies.

6.3. Heart Transplantation

Heart transplantation (HT) remains the gold standard for treating advanced HF, yet a
significant gender disparity exists, with women constituting only approximately 25% of heart
transplant recipients annually. This is in contrast to real-world population studies, which
suggest that women make up to 45% of individuals with advanced HF [84]. Research by
DeFilippis et al. highlights that women are less likely to be referred for HT and left ventricular
assist devices (LVADs), despite their higher incidence of HF [85]. Moreover, women face higher
waitlist mortality during the HT evaluation process and encounter more allo-sensitization
disadvantages compared to men. It is noteworthy that women listed for HT are generally
younger than their male counterparts and exhibit a distinct distribution of HF etiology [86].

Despite these disparities, early and late mortality outcomes after HT do not show sig-
nificant differences between genders [87] (Table 1). However, during the follow-up period,
women experience higher rates and a greater severity of rejection but demonstrate a lower
prevalence of cardiac allograft vasculopathy and lower rates of malignancies compared to
men [85]. These nuances highlight the need for a more comprehensive understanding of
gender-specific factors influencing the entire heart transplantation process, from referral to
post-transplant outcomes.

Table 1. Gender differences in CABG, MitraClip, heart transplant, and LVAD according to reported
outcomes. CABG: coronary-artery bypass grafting. CAV: cardiac allograft vasculopathy. LVAD: left
ventricular assist device.

Therapy Endpoint Male Female

CABG Mortality ↑ ↓
MitraClip Survival ↑ ↓

Quality of life ↑ ↓
Heart Transplant % of patients ≈75% ≈25%

Possibility of referral ↑ ↓
Waiting list mortality ↓ ↑
Early and late mortality = =
Rejection ↓ ↑
CAV ↓ ↑
Malignancies ↓ ↓↑=

LVAD % of patients ≈78% ≈22%
Mortality ↓ ↑
Bridge to transplant ↑ ↓
Adverse events ↓ ↑
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6.4. Left Ventricular Assist Devices and Surgery

Recent data derived from INTERMACS reveal that females constitute approximately
21.4–22.7% of total LVAD implantations [88]. The Momentum-3 trial, however, did not
observe a significant interaction between gender groups in their prespecified subgroup
analysis [89]. Conversely, an observational study focusing on LVAD recipients suggests
that women face a higher risk of mortality, reduced likelihood of heart transplantation, and
an increased rate of adverse events [90]. These disparities in clinical outcomes persist even
when stratified by race, device strategy, or implantation center (Table 1).

In the realm of surgical interventions for patients with HFrEF, CABG is a common
procedure. This may be performed alone or combined with surgical ventricular recon-
struction and mitral valve surgery for regurgitation. Limited data from randomized trials
indicate that sex is not a significant factor associated with the effects of CABG plus medical
therapy compared to medical therapy alone, specifically concerning all-cause mortality and
cardiovascular mortality. Consequently, treatment decisions about CABG in these patients
should not be influenced by gender considerations [91].

7. Overall Prognosis and Therapy Limitations in Both Genders

The prognostic stratification of HF poses a clinical challenge, particularly in women.
HF in women exhibits specific characteristics in clinical presentation, response to therapy,
and adherence to guidelines, leading to disparities between men and women [92–94]
(Figure 1). Moreover, the underrepresentation of women in randomized clinical trials
contributes to a lack of sex-oriented assessment in current prognostic scores [92].

Numerous studies indicate that women with HF generally experience better survival
rates and lower hospitalization rates than their male counterparts. In the Olmsted County
study, age-adjusted all-cause mortality rates were comparable between genders, while
cardiovascular death rates were higher in men, and hospitalization rates were lower
in women [95,96]. This pattern could be attributed to a lower prevalence of ischemic
myocardial disease and a later onset of symptoms in older women [46,92]. Notably, the
most common phenotype of HF in women is non-ischemic HFpEF [1]. In the acute HF
setting, the ARIC study reported similar 28-day and 1-year case fatality rates between men
and women (10% and 30%, respectively) [97].

Furthermore, the impact of chronic HF on quality of life appears to be more pro-
nounced in women than in men [98]. Women affected by HF report more significant
physical limitations and higher rates of anxiety and depression than their male counter-
parts, potentially influencing the effectiveness of therapy [24,99]. Additionally, as women
are more frequently affected by HFpEF and often present with comorbidities such as chronic
kidney disease, their ability to receive a complete prescription of optimal medical therapy
may be limited, impacting prognosis [100].

8. Future Perspectives

Heart failure represents one of the most critical challenges for cardiology. While the
development of highly effective diagnostic and therapeutic strategies has improved the
survival and quality of life of patients with cardiovascular pathologies, it has concurrently
expanded the population affected by heart failure.

In this context, there is a pressing need for an increased focus on gender-specific
characteristics in pathophysiology, pharmacokinetics, and pharmacodynamics. The on-
going efforts of researchers in the realm of personalized medicine must systematically
incorporate gender as a pivotal factor amidst biological, environmental, behavioral, and
psychological considerations.

Moreover, given the current scarcity of robust gender-oriented data in the scientific lit-
erature, substantial attention should be directed toward the design of basic research and ran-
domized clinical trials. These endeavors aim to elucidate gender-related distinctions in both
disease manifestation and therapeutic responses, contributing to a more comprehensive
understanding of heart failure and paving the way for tailored and effective interventions.
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9. Conclusions

In this review, we have highlighted notable gender differences in the context of HF,
emphasizing that men are more susceptible to HFrEF, while women are predisposed to
HFpEF due to distinct comorbidities. We have delved into the variations in risk factors,
pathophysiology, and clinical presentation, noting that women with HF generally exhibit
better survival rates. However, the impact of the disease on their quality of life can be
more substantial.

A significant concern that persists is the underrepresentation of women in clinical
trials related to HF. This disparity raises questions about the applicability of research
findings to women, highlighting the need for a more inclusive approach in clinical studies.
Additionally, there is an urgent requirement for healthcare professionals to integrate sex-
specific considerations into the diagnosis, treatment, and hospital care of individuals with
HF, ensuring that both men and women receive optimal and tailored interventions. This
ongoing issue underscores the importance of addressing gender disparities to enhance
overall management and outcomes in HF.
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Abstract: A multicenter, cross-sectional observational study (Italian GENder Differences in Awareness
of Cardiovascular risk, IGENDA study) was carried out to evaluate the perception and knowledge
of cardiovascular risk among Italian women. An anonymous questionnaire was completed by
4454 women (44.3 ± 14.1 years). The 70% of respondents correctly identified cardiovascular disease
(CVD) as the leading cause of death. More than half of respondents quoted cancer as the greatest
current and future health problem of women of same age. Sixty percent of interviewed women
considered CVD as an almost exclusively male condition. Although respondents showed a good
knowledge of the major cardiovascular risk factors, the presence of cardiovascular risk factors was
not associated with higher odds of identifying CVD as the biggest cause of death. Less than 10% of
respondents perceived themselves as being at high CVD risk, and the increased CVD risk perception
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was associated with ageing, higher frequency of cardiovascular risk factors and disease, and a poorer
self-rated health status. The findings of this study highlight the low perception of cardiovascular risk
in Italian women and suggest an urgent need to enhance knowledge and perception of CVD risk in
women as a real health problem and not just as a as a life-threatening threat.

Keywords: awareness; cardiovascular disease; cardiovascular risk factors; knowledge; perception;
women

1. Introduction

The cardiovascular (CV) risk involves anthropometric, metabolic, biological, and
behavioral factors, which, in turn, interact with sex and are modulated by aging [1–3].
CV risk is not uniformly distributed across the world, as it is also influenced by genetics,
lifestyle, environment, and the culture of each population. Countries, therefore, can be
divided into two main groups, based on the high or low risk of CV disease (CVD) of their
populations. In Europe, Italy is a low-CV-risk country [4], although CVD is also in this
country the leading cause of disability and death.

Objective CV risk assessment (e.g., Framingham score) does not include the individual
knowledge of CV risk or CVD prevalence [5–7]. This lack has a strong impact on the prob-
lem and its correction, because to adopt a healthy lifestyle, a correct perception of personal
risk is necessary: its deficiency is to be considered almost as an additional risk factor [8].
The problem is even more significant among women, due to the wrong and settled belief
that CVD is primarily, if not exclusively, a male disease. In turn, this misunderstanding
is generated by the differences in the clinical presentation of CVD in the two sexes and
by the increased prevalence of CVD in women of advanced postmenopausal age [8,9].
Moreover, several female-specific risk factors for CVD, such as polycystic ovary syndrome,
premature ovarian failure, hypertensive disorders of pregnancy, gestational diabetes, and
preterm birth, are underappreciated clinically and not receive adequate attention in CVD
risk prediction [10–12].

A lack of knowledge of CV risk factors (CVRF) among women has been demonstrated
by the majority of published studies [13–21]. The knowledge that CVD is the leading
cause of death proved to be suboptimal among Australian and US women [19,21,22]. A
nationwide survey conducted by the Women’s Heart Alliance in 2014 to determine barriers
and opportunities for women and physicians with regard to CVD showed that almost half
of 1011 interviewed women did not recognize CVD as the number one killer of women
in the US [23]. Conversely, in a survey conducted in Austria, 75.3% of women correctly
defined CVD as the leading cause of death [18].

Instead, with regard to the assessment of the impact of the CVD on their personal
health status, several studies revealed a wrong perception even amongst women with
CVRF [14,22,24]. For example, Mosca et al., in their survey of 2010, found that only 16% of
women recognized the CVD as their biggest health problem, while 46% perceived cancer
as the leading cause of illness in the female gender and the greatest threat to their future
health [22].

It should be recognized that 90% of the published studies investigated US and Aus-
tralian women [14,19,21,22,24], while the European situation in terms of knowledge and
perception of CVD remains almost totally unexplored.

To the best of our knowledge, only one population-based study was conducted in
Italy [25], which showed that only 26.5% of respondents correctly identified the main CVRF,
with the exception for smoking (89.4%) and high cholesterol level (74.7%). Unfortunately,
this study involved only 830 women recruited at random in five public schools (mothers
of children aged 3 to 18 years), who lived in a single, limited urban area (Naples and
Salerno). Therefore, this cohort cannot be considered representative of the entire Italian
female population.
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On the basis of these inadequate premises, we conducted a national CV health survey
on a large sample of 5000 women attending one of the 80 outpatient gynecological centers
throughout the Italian Society of Obstetrics and Gynecology (SIGO) network [26]. Indeed,
all the project phases were conducted in strict collaboration with the Italian Society of
Cardiology (SIC) and SIGO. In this representative female population, we investigated the
degree of knowledge of CVD and CVRF and the perception of CV health status.

2. Materials and Methods

2.1. Study Design and Participants

The Italian GENder Differences in Awareness of CV risk (IGENDA) is a cross-sectional,
observational, multicenter study whose protocol has already been described [26]. As
part of this study, an anonymous, self-administered questionnaire was distributed to
5000 consecutive Italian women aged 18 to 70 years, who attended one of the 80 outpatient
gynecological centers through the SIGO network. Exclusion criteria were a diagnosis of
malignancy in the last 5 years and/or an ongoing chemotherapy treatment.

The study was conducted in accordance with the Declaration of Helsinki [27] and
the GCP guidelines of the European Commission. Ethical approval was obtained from
the Ethical Committee of Pisa (Comitato Etico Area Vasta Nord Ovest) on 13 March 2014
(Protocol Number 17857). All participants gave their signed informed consent to the project
and received a brief description of the study’s aims and how to complete the questionnaire.

2.2. Structure of the Questionnaire

The questionnaire for the participants included the following three main parts.
Part 1, baseline assessment, collected general information on survey participants as

well as their knowledge of CVD as the greatest health problem or risk.
Part 2, on CVDs, investigated the knowledge of traditional CVRF: women were asked

if they were aware on the fact that a given condition/behavior represented a CVRF.
Part 3, on individual health status and perceived CVD risk. Participants were asked

on their individual CVD history, such as pre-existing coronary artery disease, myocardial
infarction, or stroke. The perception of subjective health status and personal CVD risk
profile was assessed by a Self-Rating of Health (SRH), using the single-items “How would
you rate your current health status on a scale from 0 to 10?” and “Which is your personal risk
of developing a CVD in the future on a scale from 0 (very low) to 10 (very high)?”. Ratings
for SRH were poor <4, acceptable 5–7, and good 8–10. Similarly, ratings for perceived risk
were low <4, intermediate 5–7, and high 8–10.

The completion of the questionnaire required at least 20 min.
Data on the educational level of the participants were included in a general health

questionnaire compiled by their physicians.

2.3. Statistical Analysis

Data analyses were conducted with the IBM SPSS Statistics 20 statistical package.
Continuous variables were described as mean ± standard deviation (SD) and categorical
variables as frequencies and percentages. The normality of distribution of the parameters
was assessed by using the Kolmogorov–Smirnov test. For continuous values with normal
distribution, comparisons between groups were made by independent-samples t-test (for
two groups) or one-way ANOVA (for more than two groups). Wilcoxon’s signed rank test
and Kruskal–Wallis test were applied for continuous values with non-normal distribution.
The Bonferroni correction test was used in all pairwise comparisons. The χ2 testing was
performed for non-continuous variables. The odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated using logistic regression analysis.

A two-tailed probability p < 0.05 was considered statistically significant.
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3. Results

3.1. Characteristics of Respondents

A total of 4454 respondents filled out the questionnaire. Their demographic and health
characteristics are summarized in Table 1. The mean age was 44.3 ± 14.1 years, with
62% of participants over 40 years old. Three quarters of the women had a medium to high
education level.

Table 1. Demographics and health characteristics of respondents.

Age Group n (%)

<30 years 820 (18.4)
30–39 years 851 (19.1)
40–49 years 1011 (22.7)
50–59 years 1149 (25.8)
≥60 years 623 (14.0)

Cardiovascular risk factors n (%)
Yes 2592 (58.2)

Cardiovascular disease n (%)
Yes 125 (2.8)

Highest educational level n (%)
Lower secondary school or less 1114 (25.0)

High school 1897 (42.6)
University 1443 (32.4)

The 58.2% of women had one or more CVRF; in detail, 44.5% had a single CVRF,
25.4% reported two CVRF, and the remaining 30.1% reported three or more CVRF. Among
the CVRF, the following frequencies were detected: menopause 27.7%, obesity/overweight 19.2%,
smoking habit 17.9%, hypertension 17.5%, family CVD history 17.1%, dyslipidemia 13.0%,
and diabetes mellitus 6.7%.

The 2.8% of respondents reported to suffer from a diagnosed CVD. Women with CVD
were significantly older than those without CVD (54.9 ± 14.9 vs. 42.1 ± 13.4; p < 0.0001).

3.2. Knowledge of CVD

The 69.8% of women correctly identified CVD as the leading cause of death in the
Italian population (Figure 1a). Those who gave the correct answer were older (45.1 ± 14.1
vs. 42.2 ± 14.1 years; p < 0.0001) and had the highest level of education (university vs. sec-
ondary school 74.0% vs. 65.8%; p < 0.0001, and university vs. high school, 74.0% vs. 68.5%;
p = 0.006). The percentage of women who answered this question correctly was similar in
subjects with and without CVD (76.0% vs. 69.0%; p = 0.134). Furthermore, this percentage
was significantly higher among women with at least one CVRF compared to those who
reported none (70.5% vs. 65.7%; p = 0.005).

The 60.8% of women believed that CVD is an almost exclusively male condition
(Figure 1b).

In the multiple choice questions, more than half of women identified cancer as the
biggest health problem for people of the same age and gender (74%) and as the greatest
danger to their health in the future (64%) (Figure 2). Only 20.7% and 24.6% of women,
respectively, selected CVD in the two aforementioned questions. Noteworthily, these
women most often suffered from CVD (4.6% vs. 2.2%, p = 0.002; OR 2.1, 95% CI: 1.4–3.4;
p = 0.001) and were older (46.6 ± 14.3 vs. 43.3 ± 14.1 years; p < 0.0001).

3.3. Knowledge of the Main CVRF

Table 2 shows respondents’ degree of knowledge of CVRF and how age and level of
education, as well as the presence of CVRF or CVD, influences this knowledge. Greater
recognition of all CVRF was found in progressively older age groups and among women
with the highest level of education. Women affected by CVRF correctly identified only
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family history of CVD, high cholesterol, and menopause as CVRF. The presence of CVD
did not correlate with a higher level of knowledge of the individual CVRF.

Figure 1. (a) Percentages of women who identified/did not identify CVD as the leading cause of
death in Italy. (b) Percentage distribution of women who stated or excluded that CVD is an almost
exclusively male condition.

Figure 2. Percent response to the multiple choice questions “What is the biggest health problem for
people of your age and gender and what is the greatest danger to your health in the future?”.

3.4. Self-Rating of Health

The characteristics of the three groups based on SRH status are presented in Table 3.
The 10.4% of women rated their health as bad, 47.6% as acceptable, and 42.0% as good. Age
was significantly higher in the poor SRH group than in both the acceptable and good SHR
groups (p < 0.0001), as well as in the acceptable SRH group in comparison with good SRH
(p = 0.003). Women who reported good SRH had significantly lower prevalence of both
CVRF and CVD than respondents with acceptable and poor SRH (p < 0.0001; Table 3).
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Table 2. Logistic regression for awareness of CVRF.

CVRF
Correctly

Identified n (%)

Age (Years) Level of Schooling
CVRF c CVD d

30–40 a 40–50 a 50–60 a ≥60 a High School b University b

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

OR (95%CI)
p-Value

Family CVD history 3804 (85.4) 1.02 (0.78–1.35)
p = 0.844

1.12 (0.86–1.46)
p = 0.416

0.95 (0.74–1.22)
p = 0.668

1.51 (1.09–2.09)
p = 0.014

1.64 (1.33–2.02)
p < 0.0001

2.68 (2.09–3.43)
p < 0.0001

1.31 (1.08–1.60)
p = 0.007

1.11 (0.63–1.96)
p = 0.725

Smoke 4343 (97.5) 1.34 (0.76–2.36)
p = 0.312

1.20 (0.71–2.04)
p = 0.491

3.09 (1.59–6.01)
p = 0.001

1.54 (0.80–2.95)
p = 0.194

1.75 (1.09–2.81)
p = 0.021

1.72 (1.03–2.86)
p = 0.037

1.44 (0.93–2.24)
p = 0.107

2.77 (0.38–20.08)
p = 0.313

High blood pressure 4316 (96.9) 1.42 (0.89–2.27)
p = 0.141

1.88 (1.16–3.04)
p = 0.010

3.72 (2.10–6.57)
p < 0.0001

2.84 (1.48–5.43)
p = 0.002

1.94 (1.31–2.88)
p = 0.001

3.19 (1.94–5.24)
p < 0.0001

1.32 (0.90–1.93)
p = 0.150

3.58 (0.49–25.88)
p = 0.206

High cholesterol 4271 (95.9) 0.97 (0.63–1.49)
p = 0.875

1.24 (0.80–1.92)
p = 0.335

2.34 (1.37–3.66)
p = 0.001

1.72 (0.99–2.99)
p = 0.055

1.92 (1.35–2.74)
p < 0.0001

3.32 (2.12–5.19)
p < 0.0001

1.70 (1.19–2.44)
p = 0.004

2.16 (0.53–8.86)
p = 0.283

Overweight 4360 (97.9) 1.62 (0.80–3.29)
p = 0.178

1.47 (0.76–2.82)
p = 0.251

1.57 (0.82–2.98)
p = 0.172

0.88 (0.45–1.70)
p = 0.884

2.23 (1.37–3.62)
p = 0.001

3.94 (2.09–7.43)
p < 0.0001

0.54 (0.52–1.40)
p = 0.536

0.86 (0.52–1.40)
p = 0.536

Physical inactivity 4258 (95.6) 1.55 (1.00–2.42)
p = 0.050

1.86 (1.19–2.88)
p = 0.006

1.83 (1.19–2.80)
p = 0.005

1.44 (0.89–2.33)
p = 0.133

1.44 (1.02–2.03)
p = 0.039

2.35 (1.55–3.58)
p < 0.0001

0.97 (0.69–1.37)
p = 0.874

2.30 (0.56–9.43)
p = 0.246

Diabetes 3910 (87.8) 1.51 (1.13–2.02)
p = 0.005

1.12 (0.86–1.45)
p = 0.400

1.61 (1.23–2.11)
p = 0.001

2.15 (1.51–3.07)
p < 0.0001

1.13 (0.89–1.42)
p = 0.321

1.71 (1.31–2.24)
p < 0.0001

0.97 (0.78–1.21)
p = 0.776

1.68 (0.81–3.49)
p = 0.162

Menopause 3692 (82.9) 0.87 (0.68–1.11)
p = 0.266

0.91 (0.72–1.15)
p = 0.437

1.99 (1.53–2.58)
p < 0.0001

2.09 (1.52–2.87)
p < 0.0001

1.39 (1.13–1.69)
p = 0.002

1.96 (1.56–2.47)
p < 0.0001

1.33 (1.11–1.61)
p = 0.003

1.23 (0.71–2.14)
p = 0.468

CVRF = cardiovascular risk factors; CVD = cardiovascular disease; OR = odds ratio. a Compared to 18–30 years
old age group. b Compared to women with lower educational level (lower secondary school or less). c Compared
to women without CVRF. d Compared to women without CVD.

Table 3. Characteristics of the three groups identified on the basis of the by SRH status.

SRH Status
p-Value

Poor Acceptable Good

Age (years) 49.10 ± 15.16 46.54 ± 13.64 40.10 ± 12.93 <0.0001
CVRF % 64.4 65.4 47.7 <0.0001
CVD % 5.5 3.9 1.2 <0.0001

SRH = self-rated health; CVRF = cardiovascular risk factor; CVD = cardiovascular disease.

3.5. Perception of CVD Risk

The 44.5% of the women considered themselves to be at low CVD risk and 46.7% at
intermediate risk, although the prevalence rates of CVRF in the two groups were 50.2%
and 64.6%, respectively. Only the remaining 8.8% of the respondents reported to perceive
a high CVD risk, commensurated with a 70.0% CVRF prevalence (Table 4). A direct
correlation between perceived risk increase and age increase was detected: the group with
a low perceived CVD risk was significantly younger than the groups of women with both
intermediate and high perceived CVD risk (p < 0.0001). Finally, a good SRH status was
associated with a low perceived CVD risk (Table 4).

Table 4. Perceived CVD risk compared to demographics and clinical conditions.

Perceived CVD Risk
p-Value

Low Intermediate High

Age (years) 41.27 ± 13.79 46.08 ± 13.49 50.14 ± 14.56 <0.0001
CVRF % 50.2 64.6 70 <0.0001
CVD % 1.7 2.9 10.2 <0.0001

SRH status %

<0.0001
Poor 9.9 9.8 19.5

Acceptable 40 55.9 51.4
Good 50.1 34.4 29.1

CVD = cardiovascular disease; CVRF = cardiovascular risk factor; SRH = self-rated health.

65



J. Clin. Med. 2022, 11, 1695

4. Discussion

This national survey documented several important findings. In Italy, women’s
knowledge of CVD as the main cause of death is higher (69.8%) than those reported by
the US (56%) [28] and Australian (32%) [19] women and comparable to that found among
Austrian women (75.3%) [18]. In Italy, the knowledge of CVD as the main cause of death
was more associated with older age than with the presence of CVD, thereby suggesting
that such consciousness may be influenced by life experiences (e.g., number of CVD deaths
among friends and relatives).

On the other hand, most of the interviewed women, although correctly identifying
the CVD as the main cause of death in Italy, considered themselves at risk of oncological
diseases rather than CVD. This misperception was even more evident in younger women,
in whom a further misunderstanding of CV risk could be due to the poor attention to
their health status and lack of life experience of CVD. The apparent contradiction between
the knowledge of CVD as a leading cause of mortality and the expectation of cancer in
future life could be largely explained by the erroneous but widespread opinion that CVD is
more common in males. Consistently, our data showed that over 60% of the respondents
considered CVD as an almost exclusively male condition.

Italian women showed in our study a good knowledge of the main CVRF, unlike the
US and Australian female populations [13–17,19,20]. Actually, in contrast to our data, the
only previous population study conducted in Italy also showed a very poor knowledge
of the main CVRF among women (26.5%) [25]. The discrepancy in the results could be
largely explained by the small sample interviewed in that study, the survey area limited to
two cities in southern Italy, and the low percentage of people over 60 years old. Moreover,
the study by Tedesco was performed years ago and before the national campaign of
information on CV risk [25]. Being overweight was the most commonly recognized CVRF
by women with no differences between age groups. It is reasonable to assume that the
widespread attention to the aesthetic aspect typical of our era contributes to this awareness.
Conversely, menopause was the less frequently identified CVRF. This finding corresponds
and could be explained by the underestimation of menopause as an individual CVRF
also by the scientific community. Furthermore, younger women were less aware of this
relevant problem than the postmenopausal respondents. Diabetes was one of the most
underestimated CVRF in our survey, despite the recognized importance of diabetes as a
CVD equivalent [1]. These data are in accordance with previous surveys [16,18], where
diabetes was the less known CVRF, identified by less than half of the women surveyed.
The knowledge of CVRF was strongly influenced by age and educational level, confirming
the positive effect of schooling, in accordance with data reported by other studies [25,29].
Inexplicably, the presence of a known CVD did not improve the knowledge of the CVRF
among women. This feature proved controversial in previous surveys. While some studies
showed that women with CVRF or CVD have greater knowledge of CV risk [14,15,30],
Hoare et al. [19] revealed only negligible differences in the knowledge of clinical CVRF
among women with CVD or diabetes compared to healthy women. It has consistently
been shown that women with diabetes and hypertension did not identify these conditions
as CVRF [17] and that less than 50% of them had an exact knowledge of the normal
cholesterol, blood pressure, or blood glucose [14,21,31]. Besides menopause, the knowledge
of women-specific CVRF was not evaluated, but we are planning to explore this issue
in our population. Two studies conducted in the USA showed that women with pre-
eclampsia or gestational diabetes mellitus were unfamiliar with the relationship between
these conditions and increased future CVD risk [32,33].

In this study, we assessed the female perception of health status and personal CVD
risk profile by means of the SRH status assessment. This is a subjective reflection of one’s
general personal health condition, called “perceived” or “subjective” health, that integrates
biological, mental, social, and functional aspects of a person, including individual and
cultural beliefs and health behaviors [34]. As expected and in agreement with previous
studies [35,36], we found that age was negatively correlated with the SRH status (younger
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women feel better than middle-aged and older women) and that a worse SRH status was
associated with a more frequent reporting of CVRF and CVD [37].

In spite of these findings and their good knowledge of CVRF, our interviewees did
not translate this information into a correct perception of their personal risk of developing
CVD: although this insight would increase with age, higher CVRF and CVD reporting,
and poorer SRH status, less than 10% of all women perceived the high possibility of CVD
in their future life. Certainly, this lack of awareness is more concerning in women who
reported having at least one CVRF, as more than one-third of them perceived their future
CVD risk as low. These results confirm previous investigations. A Canadian study found
that a significant percentage of participants were unaware of their CVD risk status [16].
Furthermore, a survey conducted on a smaller sample of elderly women (>70 years)
confirmed that those with CVRF or CVD had a misperception of their health status, so that
only 24.5% of the high-risk group—based on BMI, high blood pressure, cholesterol levels,
and smoking habits—failed to recognize their actual risk of CVD [31]. These findings
highlight a misperception of present and future health status in relation to the actual
presence of CVRF, a mechanism for removing one’s own risk of disease that has cultural
and social roots. Women continue to be the reference for the whole family and are the
family caregiver. They see and recognize the risk of illness in their family members but do
not recognize their own risk, an attitude that can be traced back to the theory known in
health psychology as “comparative optimism”. The “comparative optimism” is the belief
that negative events are more likely to happen to others, while positive events are more
likely to happen to themselves [38]. It has been shown that people are likely to retrieve
the information on the general perception of risk through social influence; however, when
considering self-reported risk, positive prejudices are likely much more influential, with
the consequence that people underestimate their personal risk [39].

5. Conclusions

Our data highlight the need to strengthen the knowledge of CVD, as well as CVRF, as
a real health problem for both the sexes, removing the still widespread misunderstanding
of a “male-limited” condition. For this purpose, a global campaign to improve knowledge
and perception of CVD is of paramount importance. This campaign should be conducted
within the health system, during patient visits, and by organizing specific seminars or
conferences directed to the general population, and, above all, through various digital
communication channels, including mass media (TV and radio advertisements and articles
on newspapers and magazines), social media (blogs, micro-blogs, wikis, social networking
sites, photo-sharing sites, instant messaging, video-sharing sites, and podcasts), and text
messages or phone calls. The digital communication campaign can reach audiences in
a low-cost, impactful, and effective way. Younger women should be the main focus of
this educational project. Indeed, this is the key to providing a more prevention-oriented
approach, a powerful and decisive contribution to reducing CVD risk among women.
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Abstract: (1) Background: Surgery for infective endocarditis (IE) is associated with considerable
mortality and it is controversial whether the female gender is predictive for a worse outcome. This
large single-center study investigated the impact of sex on outcomes after surgery for IE. (2) Methods:
413 patients (25.4% female) were included into this retrospective observational study. Univariate
and multivariable analyses identified sex-specific risk factors for 30 day and late mortality. Survival
was estimated by the Kaplan-Meier-method. (3) Results: Women presented more often with mitral
valve infection (p = 0.039). Men presented more frequently with previous endocarditis (p = 0.045),
coronary heart disease (p = 0.033), and aortic valve infection (p = 0.005). Blood transfusion occurred
more frequently intraoperatively in women (p < 0.001), but postoperatively in men (p = 0.015) and
men had a longer postoperative stay (p = 0.046). Women showed a higher 30 day mortality than men
(p = 0.007) and female gender was predictive for 30 day mortality (OR 2.090). Late survival showed
no sex-specific difference (p = 0.853), and the female gender was not an independent predictor for late
mortality (p = 0.718). Risk factors for early and late mortality showed distinct sex-specific differences
such as increased preoperative CRP level in women and culture-negative IE in men.

Keywords: infective endocarditis; sex-specific; gender; risk factors; survival

1. Introduction

Infective endocarditis (IE) is a rare but severe disease with a higher incidence in men
and a male/female ratio ranging mostly from 1.3:1 to 3:1 in hospital-based studies [1–5].
Though the causes for this sex-specific difference are not fully understood, a higher rate
of pre-disposing heart conditions in men [5,6] may contribute to a lower incidence of IE
in women.

Early diagnosis and therapy are essential to reduce morbidity and mortality in patients
suffering from IE [7]. Surgical treatment was carried out in about 50% of cases in the
European infective endocarditis registry [3], but women underwent cardiac surgery for IE
less frequently than men in several studies [4,8,9].

Despite major medical advances in diagnostics and therapy, IE is still associated
with severe morbidity and a high early mortality of around 20% [3,10,11]. In cases of IE,
female gender shows no protective effect, since several studies demonstrate a similar or
higher early mortality when compared to men [8,12–15]. The persistently poor overall
prognosis regarding hospital mortality is, besides the female gender, attributed to several
possible causative factors such as the increase of elderly and more severely ill patients,
previous cardiac surgery, an increasing rate of IE in prosthetic heart valves and devices,
cerebral complications, renal failure, preoperative ventilation, New York Heart Association
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heart failure (NYHA) stage, paravalvular abscess, S. aureus infection, and withholding of
indicated surgery [3,10,12,16]. However, there are controversial implications if the female
gender is an independent predictor for mortality after surgery for IE [4,13,16,17]. Older age,
a different spectrum of comorbidities, and a lower rate of surgical treatment are discussed
as risk factors for a poorer outcome in women [8,9,12]. Sex-specific analysis revealed older
age, preoperative dialysis, identification of the endocarditis focus [12], and a poor response
to antibiotics [2] as independent risk factors in female patients. Likewise, studies on mid-
or long-term outcome provide conflicting results. While some studies revealed a lower
survival rate in women [9,12], others found a similar survival rate [18], and in several
studies the female gender was no independent predictor for late mortality [8,9,17,19].

Sex-specific subgroup analyses on adjusted risk factors for early and late mortality
after surgery for IE are scarce, therefore we analyzed predictors for early and late mortality
for women and men separately to detect underlying causes for their different outcomes.

2. Materials and Methods

2.1. Patients and Study Design

This retrospective observational single-center study included 413 consecutive
patients ≥ 18 years, 105 (25.4%) women and 308 (74.6%) men, who were operated on for
IE between January 2002 and February 2020 in our department.

Pre-, intra-, and post-operative findings of women and men and their risk factors
for mortality were analyzed and compared. Data were collected from the institution’s
database and patient records. The primary endpoints were 30-day mortality and survival
during follow-up; secondary endpoints were pre- and peri-operative details, post-operative
outcome, and sex-specific risk factors for early and late mortality. All-cause survival during
follow-up was obtained by inquiries at the registry offices. The number of patients in
the intraoperative course and during the follow-up is shown in Supplementary Figure S1.
Active IE was defined as patients receiving antibiotic therapy at the time of admission. The
study protocol was approved by the local Ethics Committee and informed patient consent
was obtained at primary hospital stay.

Preliminary sub-results of this study without sex-specific risk factor analysis were
published in German [20].

2.2. Patient Management

A transthoracic echocardiogram (Vivid E9, General Electric Company, Boston, MA,
USA) was performed on every patient, recording the location and size of vegetations, the
presence of valve destruction or abscess, as well as left ventricular ejection fraction (LVEF).
The antibiotic treatment started immediately after diagnosis of IE and an intravenous
treatment regimen was initiated for at least 4–6 weeks independently of the time of surgery.
Blood cultures were obtained from all patients to identify the pathogenic organisms and
their sensitivities to medical treatment. All patients admitted with stroke underwent brain
scan computer tomography to exclude any risk of bleeding prior to surgery and also to
get a prognosis for intubated patients and coma patients. A neurologist was consulted
to evaluate the neurological findings. The indication for the operation was made after
interdisciplinary discussion between cardiologists and cardiac surgeons on the basis of the
currently valid guidelines.

2.3. Surgical Procedure

Women and men with IE underwent curative surgery performed exclusively by senior
surgeons. Cardiopulmonary bypass was performed by direct cannulation of the ascending
aorta. In cases of aortic valve endocarditis, venous drainage was carried out through direct
cannulation of the right atrium, while double cannulation of the superior and inferior vena
cava was performed in cases of mitral or tricuspid valve endocarditis, with subsequent
cross-clamping of ascending aorta. The decision for biological or mechanical prosthesis or
valve repair was made depending on the age of the patients, the intraoperative findings,
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and the extent of valve destruction, as well as the patient’s preference and their compliance
with long-term anticoagulation. Transesophageal echocardiography (GE Vivid E95, General
Electric Company, Boston, MA, USA) was performed for assessment after surgical repair
and to control the presence of residual air in the left side of the heart during rewarming.
The operative technique has been described in more detail in previous papers [21].

2.4. Statistical Analysis

Pre-, intra-, and post-operative findings of women and men and of 30 day survivors
and non-survivors were compared by univariate statistics. Continuous variables were
assessed for normal distribution by the Kolmogorov-Smirnov-Test and are presented as
median with range or interquartile range as appropriate, and compared by the Mann-
Whitney-U-Test. Categorical variables were shown as absolute frequencies (n) and simple
percentages and were compared by the Chi-squared or Fisher’s exact test as appropriate.
Missing data were excluded pairwise and variables with missing data > 5% are indicated
in the tables.

Preoperative variables with univariate association to 30 day mortality (p ≤ 0.1) were
assessed for their adjusted impact on early mortality by multivariable logistic regression
for the overall group, as well as for women and men separately, with a goodness of fit,
described by Cox and Snell R-Squared, of 0.214, 0.377, and 0.231, respectively. Age was
categorized as sex-specific according to the highest impact on 30 day mortality. Although
EuroSCORE I and II (The European System for Cardiac Operative Risk Evaluation) [22,23]
showed a significant association with mortality, we excluded it from the multivariable
analyses since it complicated the detection of single risk factors due to multicollinearity.
Sex-specific interaction was assessed by logistic regression analysis.

Follow-up outcome was defined as all-cause mortality of patients who survived
30 days postoperatively. Survival was estimated by the Kaplan-Meier method for right
censored data and analyzed for sex-specific differences by the log rank-test. Risk factors for
mortality during follow-up were assessed by Cox proportional hazards regression with
forward selection for the groups separately and then included into the final models. Age
of the overall group was categorized to ≥65 years for multivariable analysis based on the
median value of 64 years.

All tests were conducted as two-sided and a p-value of ≤0.05 was assumed to be
statistically significant. Statistical analysis was performed using the IBM SPSS Statistics
software (version 26.0 and 28.0).

3. Results

The number of patients per year with surgical treatment of infective endocarditis
increased over the study period (Figure 1).

Figure 1. Number of patients during the study period.
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3.1. Demographics and Clinical Details of the Study Population

Men were affected almost three times as often as women (74.6 vs. 25.4%, Table 1)
and female patients with IE were only slightly older than male patients (65 vs. 64 years,
p = 0.082). Men presented more often with coronary heart disease (46.3 vs. 34.3%, p = 0.033),
with previous surgically treated IE (16.6 vs. 8.6%, p = 0.045) and with isolated infection of
the aortic valve (34.7 vs. 20.0%, p = 0.005).

Table 1. Baseline patient characteristics stratified by gender.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

Age, years 64 (52;73) 64 (50;73) 65 (57;75) 0.082

Body mass index (kg/m2)
25.9

(23.0;29.4) 25.7 (23.0;29.0) 26.1 (23.0;30.8) 0.223

Body mass index > 30 (kg/m2) 92 (22.4%) 63 (20.6%) 29 (27.6%) 0.136

Logistic EuroSCORE 27.2
(12.5;49.1) 24.8 (11.7;45.6) 35.7 (14.6;53.6) 0.054

EuroSCORE II 12.1
(5.2;27.3) 11.6 (5.0;25.2) 16.3 (6.1;30.8) 0.127

Co-morbidity

COPD 50 (12.1%) 37 (12.0%) 13 (12.4%) 0.920

Arterial hypertension 240 (58.1%) 177 (57.5%) 63 (60.0%) 0.650

Pulmonary hypertension
(>25 mmHg) 86 (20.9%) 60 (19.5%) 26 (25.0%) 0.231

Atrial fibrillation 81 (19.6%) 61 (19.8%) 20 (19.0%) 0.866

Peripheral vascular disease 36 (8.7%) 28 (9.1%) 8 (7.6%) 0.644

Type 1 Diabetes mellitus 3 (0.7%) 2 (0.6%) 1 (1.0%) 1.000

Type 2 Diabetes mellitus 83 (20.1%) 58 (18.8%) 25 (23.8%) 0.272

IDDM 45 (10.9%) 30 (9.7%) 15 (14.3%) 0.197

Hyperlipoproteinemia 116 (28.1%) 82 (26.6%) 34 (32.4%) 0.257

Dialysis (acute and chronic) 45 (10.9%) 32 (10.4%) 13 (12.4%) 0.572

Acute renal insufficiency 53 (12.8%) 42 (13.6%) 11 (10.5%) 0.403

Chronic dialysis preoperative 18 (4.4%) 11 (3.6%) 7 (6.7%) 0.177

Chronic renal insufficiency 116 (28.1%) 92 (29.9%) 24 (22.9%) 0.167

NYHA IV 83 (20.2%) 65 (21.2%) 18 (17.3%) 0.388

Tumor 55 (13.3%) 40 (13.0%) 15 (14.3%) 0.735

Rheumatic disease 23 (5.6%) 16 (5.2%) 7 (6.7%) 0.570

History of liver disease 55 (13.3%) 42 (13.7%) 13 (12.4%) 0.735

Drug abuse 23 (5.6%) 16 (5.2%) 7 (6.7%) 0.570

Smoking 1 103 (27.8%) 78 (28.4%) 25 (26.0%) 0.662

Immunosuppressive therapy 11 (2.7%) 6 (1.9%) 5 (4.8%) 0.156

Previous endocarditis 60 (14.5%) 51 (16.6%) 9 (8.6%) 0.045

LVEF poor (<30) 41 (10.5%) 35 (12.0%) 6 (6.1%) 0.096
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Table 1. Cont.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

Coronary heart disease 178 (43.2%) 142 (46.3%) 36 (34.3%) 0.033

Single-vessel disease 76 (18.4%) 56 (18.2%) 20 (19.0%) 0.854

Two-vessel-disease 36 (8.7%) 29 (9.4%) 7 (6.7%) 0.384

Three-vessel disease 66 (16.0%) 57 (18.6%) 9 (8.6%) 0.016

Previous cardiac surgery 171 (41.4%) 125 (40.6%) 46 (43.8%) 0.562

Previous CABG 9 (2.2%) 7 (2.3%) 2 (1.9%) 1.000

Aortic valve replacement 69 (16.7%) 45 (14.6%) 24 (22.9%) 0.050

Mitral valve replacement/
resection 6 (1.5%) 4 (1.3%) 2 (1.9%) 0.067

Combined valve surgery 79 (19.1%) 63 (20.5%) 16 (15.2%) 0.241

TAVI 2 (0.5%) 2 (0.6%) 0 (0%) 1.000

Clinical presentation

Acute myocardial infarction
(≤48 h) 14 (3.4%) 11 (3.6%) 3 (2.9%) 1.000

Cardiogenic shock 21 (5.1%) 18 (5.8%) 3 (2.9%) 0.229

CPR (≤48 h) 9 (2.2%) 8 (2.6%) 1 (1.0%) 0.449

Emergency 90 (21.8%) 72 (23.4%) 18 (17.1%) 0.181

Transfer from intensive care
unit 109 (26.5%) 80 (26.1%) 29 (27.6%) 0.754

Intubated at admission 38 (9.2%) 29 (9.4%) 9 (8.6%) 0.796

Neurological deficits
(TIA or stroke) 81 (19.6%) 55 (17.9%) 26 (24.8%) 0.124

Stroke 76 (18.4%) 53 (17.2%) 23 (21.9%) 0.283

Preoperative embolization 114 (27.6%) 81 (26.3%) 33 (31.4%) 0.310

Embolization of several organs 28 (6.8%) 17 (5.5%) 11 (10.5%) 0.081

Fever (≥38 ◦C) 270 (66.5%) 206 (68.0%) 64 (62.1%) 0.277

Fever until surgery 63 (15.5%) 48 (15.8%) 15 (14.6%) 0.757

Time from diagnosis to
surgery > 7 days 243 (59.3%) 180 (58.8%) 63 (60.6%) 0.753

Time from antibiotic start
to surgery

≤1 day 59 (14.5%) 49 (16.1%) 10 (9.6%) 0.104

2–3 days 38 (9.3%) 23 (7.6%) 15 (14.4%) 0.038

4–7 days 47 (11.5%) 39 (12.8%) 8 (7.7%) 0.157

>7 days 264 (64.7%) 193 (63.5%) 71 (68.3%) 0.378

Pathogens

Staphylococcus aureus 82 (20.0%) 59 (19.3%) 23 (21.9%) 0.562

Enterococcus 61 (14.8%) 48 (15.7%) 13 (12.4%) 0.411

Streptococcus viridans 43 (10.5%) 35 (11.4%) 8 (7.6%) 0.270

Gram-positive streptococcus 37 (9.0%) 26 (8.5%) 11 (10.5%) 0.541
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Table 1. Cont.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

HACEK group 1 (0.2%) 1 (0.3%) 0 (0%) 1.000

Mycosis 6 (1.5%) 3 (1.0%) 3 (2.9%) 0.177

Culture negative IE 113 (27.5%) 85 (27.8%) 28 (26.7%) 0.826

Staphylococcus epidermidis 28 (6.8%) 18 (5.9%) 10 (9.5%) 0.201

MRSA 14 (3.4%) 10 (3.3%) 4 (3.8%) 0.760

Affected valves

Aortic valve endocarditis 168 (40.7%) 137 (44.5%) 31 (29.5%) 0.007

Isolated Aortic valve
endocarditis 128 (31.0%) 107 (34.7%) 21 (20.0%) 0.005

Mitral valve endocarditis 129 (31.2%) 90 (29.2%) 39 (37.1%) 0.130

Isolated Mitral valve
endocarditis 92 (22.3%) 61 (19.8%) 31 (29.5%) 0.039

Tricuspid valve endocarditis 16 (3.9%) 8 (2.6%) 8 (7.6%) 0.036

Isolated Tricuspid valve
endocarditis 7 (1.7%) 4 (1.3%) 3 (2.9%) 0.377

Isolated Prosthetic endocarditis 143 (34.6%) 104 (33.8%) 39 (37.1%) 0.530

Paravalvular leak 17 (4.1%) 13 (4.2%) 4 (3.8%) 1.000

Valve insufficiency
(at least grade 2) 359 (87.3%) 267 (87.3%) 92 (87.6%) 0.923

Aortic valve 108 (26.3%) 87 (28.4%) 21 (20.0%) 0.090

Mitral valve 78 (19.0%) 55 (18.0%) 23 (21.9%) 0.375

Tricuspid valve 8 (1.9%) 3 (1.0%) 5 (4.8%) 0.029

Peri-annular abscess 113 (27.8%) 81 (26.6%) 32 (31.1%) 0.386

Vegetation 285 (70.4%) 209 (69.2%) 76 (73.8%) 0.309

Preoperative laboratory results

C-reactive protein (mg/L) 42.7
(16.4;90.5) 43.5 (19.3;91.1) 41.2 (13.6;88.2) 0.565

Significant p-values are indicated in bold. Quantitative data are presented as median with 25th and 75th per-
centiles, while categorical data are presented as number of patients (n) with percentage (%). Missing values > 5%:
1 10.2% missing. European System for Cardiac Operative Risk Evaluation is abbreviated to EuroSCORE, chronic
obstructive pulmonary disease to COPD, insulin dependent diabetes mellitus to IDDM, New York Heart Associa-
tion heart failure stage to NYHA, left ventricular ejection fraction to LVEF, Coronary artery bypass grafting to
CABG, transcatheter aortic valve implantation to TAVI, cardiopulmonary resuscitation to CPR, transient ischemic
attack to TIA, Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, Kingella to HACEK, methicillin-resistant
Staphylococcus aureus to MRSA.

Women presented more often with previous aortic valve replacement (22.9 vs. 14.6%,
p = 0.050), isolated infection of the mitral valve (29.5 vs. 19.8%, p = 0.039), and of the
tricuspid valve combined with infection of other valves (7.6 vs. 2.6%, p = 0.036). A significant
association was shown between preoperative embolization and neurological complications
preoperative for both women and men (Chi2 p < 0.001).

Intraoperatively, no significant sex-specific differences regarding procedural times were ob-
served, but women received more blood transfusions (red blood cell concentrates, 4 (0–14) vs. 2
(0–27), p < 0.001). Men more often underwent aortic valve surgery (78.1 vs. 62.9%, p = 0.002),
had a higher need for blood transfusion postoperatively (2 (0–27) vs. 2 (0–17), p = 0.015), and a
longer postoperative stay (10 vs. 9 days, p = 0.046; Tables 2 and 3). In-hospital mortality tended
to be higher in women (22.3 vs. 14.7%, p = 0.070), while 30 day mortality was significantly
higher when compared to mortality in men (26.7 vs. 14.9%, p = 0.007).
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Table 2. Operative data stratified by gender.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

Length of surgery (min) 273 (220;355) 274 (224;357) 271 (216;337) 0.411

Cardiopulmonary bypass
time (min) 166 (125;215) 166 (126;214) 166 (121;219) 0.879

Cross-clamp time (min) 116 (86;156) 115 (86;157) 116 (83;144) 0.433

Circulatory arrest (min) 0 (0–36) 0 (0–36) 0 (0–32) 0.520

Number of packed red
blood cells (unit) 3 (0–27) 2 (0–27) 4 (0–14) <0.001

Number of fresh frozen
plasma (unit) 0 (0–13) 0 (0–13) 0 (0–12) 0.900

Number of platelet
concentrate (unit) 1 (0–6) 1 (0–6) 1 (0–4) 0.143

Aortic valve surgery 305 (74.2%) 239 (78.1%) 66 (62.9%) 0.002

Mitral valve surgery 155 (37.7%) 110 (35.9%) 45 (42.9%) 0.207

Tricuspid valve surgery 15 (3.6%) 8 (2.6%) 7 (6.7%) 0.070

Thoracic aortic surgery 55 (13.4%) 43 (14.1%) 12 (11.5%) 0.509

CABG 49 (11.9%) 37 (12.1%) 12 (11.4%) 0.856
Significant p-values are indicated in bold. Quantitative data are presented as median with 25th and 75th percentiles,
while categorical data are presented as number of patients (n) with percentage (%).

Table 3. Postoperative data and outcomes stratified by gender.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

AKI KDIGO stages 115 (29.3%) 85 (29.2%) 30 (29.4%) 0.969

New–onset of hemodialysis 61 (15.6%) 46 (15.8%) 15 (14.9%) 0.819

24 h-drainage loss (mL) 600 (300;1100) 650 (388;1150) 510 (250;1060) 0.123

Rethoracotomy
(bleeding/tamponade) 50 (12.4%) 40 (13.3%) 10 (9.7%) 0.341

Number of packed red
blood cells (unit) 1 2 (0–27) 2 (0–27) 2 (0–17) 0.015

Number of fresh frozen
plasma, (unit) 1 0 (0–35) 0 (0–35) 0 (0–32) 0.269

Number of platelet
concentrate, (unit) 1 0 (0–9) 0 (0–8) 0 (0–9) 0.357

Ventilation time (h) 16 (9;45) 16 (9;44) 16 (9;55) 0.801

Reintubation 49 (12.3%) 33 (11.1%) 16 (15.7%) 0.220

Tracheotomy 57 (14.5%) 47 (16.2%) 10 (9.9%) 0.125

ICU time (d) 3 (1;7) 3 (1;7) 3 (1;6) 0.245

Postoperative days (d) 10 (7;16) 10 (7;17) 9 (5;15) 0.046

Postoperative delirium 64 (16.1%) 54 (18.2%) 10 (10.0%) 0.054

Stroke 18 (4.5%) 11 (3.7%) 7 (6.9%) 0.265

CPR 22 (5.5%) 17 (5.7%) 5 (4.9%) 0.759
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Table 3. Cont.

Variable
Overall
(n = 413)

Men
(n = 308, 74.6%)

Women
(n = 105, 25.4%)

p-Value

Pacemaker patient 47 (11.6%) 37 (12.2%) 10 (9.8%) 0.511

Postoperative myocardial
infarction 5 (1.3%) 4 (1.3%) 1 (1.0%) 1.000

Bronchopulmonary
infection 45 (11.1%) 36 (11.8%) 9 (8.9%) 0.422

Sepsis 54 (13.3%) 40 (13.1%) 14 (13.9%) 0.839

Sternal wound infection 2 9 (2.5%) 8 (2.9%) 1 (1.1%) 0.694

Hospital mortality 68 (16.6%) 45 (14.7%) 23 (22.3%) 0.070

Cardiac death 10 (14.3%) 6 (13.3%) 4 (16.0%) 0.737

Cerebral death 1 (1.4%) 1 (2.2%) 0 (0%) 1.000

Sepsis 9 (12.9%) 5 (11.1%) 4 (16.0%) 0.712

MOF 50 (71.4%) 33 (73.3%) 17 (68.0%) 0.636

30 day mortality 74 (17.9%) 46 (14.9%) 28 (26.7%) 0.007

Survival/follow-up
time (years) 3.9 (1.2;7.7) 3.7 (1.1;7.8) 4.6 (1.4;7.8) 0.535

Significant p-values are indicated in bold. Quantitative data are presented as median with 25th and 75th percentiles,
while categorical data are presented as number of patients (n) with percentage (%). Missing values > 5%:
1 Number of blood products given within 48 hr postoperatively, 5.8% missing, 2 11.1% missing. AKI is abbreviated
to acute kidney injury, Kidney Disease: Improving Global Outcomes to KDIGO, intensive care unit to ICU,
cardiopulmonary resuscitation to CPR, multiple organ failure to MOF.

3.2. Univariate Association to 30-Day Mortality

Though being without significance in the total group, sex-specific analyses revealed a
significant association for pulmonary hypertension, diabetes mellitus Type 1 and 2, em-
bolization of several organs, time from antibiotic start to surgery < 7 days, culture negative
IE, and combined surgery in the male group. Only in the female group did peripheral
arterial disease (PAD) show a significant association to 30 day mortality, which was con-
firmed by interaction analysis (Supplementary Table S1). A univariate subgroup analysis
based on the overall cohort revealed that culture-negative cases had an antibiotic treatment
before surgery > 7 days (62 (55.9%) less frequently when compared to culture-positive cases
(202 (68.2%), p = 0.020). Additional sex-specific association is shown in Table S1.

3.3. Independent Predictors for 30 Day Mortality

In the overall group, female gender was an independent predictor for 30 day mortality
(Table 4). Acute or chronic dialysis was revealed as a risk factor for early mortality in
women and men. In women only, age ≥ 65 years, preoperative transfer from the intensive
care unit (ICU), and increased C-reactive protein (CRP) level were risk factors. In men,
age ≥ 70 years, body mass index (BMI), pulmonary hypertension, NYHA IV, cardiogenic
shock, fever until surgery, culture negative IE, abscess, and embolization of several organs
were predictors for early mortality.
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Table 4. Independent preoperative risk factors for 30 day mortality.

Risk Factors
Group

Odds Ratio
Overall

95% CI p-Value
Odds Ratio

Men
95% CI p-Value

Odds
Ratio

Women
95% CI p-Value

Age (years) 1.036 1.010–1.063 0.006
Age ≥ 65 years 4.921 1.048–23.099 0.043
Age ≥ 70 years 2.836 1.265–6.357 0.011
Female gender 2.090 1.077–4.053 0.029

Body mass index 1.104 1.026–1.189 0.008
PH 3.500 1.440–8.508 0.006

Dialysis 5.943 2.019–17.494 0.001 6.974 1.133–42.922 0.036
NYHA IV 2.719 1.344–5.500 0.005 3.108 1.344–7.189 0.008

Cardiogenic shock 3.415 1.027–11.350 0.045 9.083 2.418–34.112 0.001
Stroke 2.664 1.281–5.543 0.009

Transfer from ICU 10.086 1.791–56.806 0.009
AV insufficiency 0.341 0.133–0.879 0.026

Fever until surgery 2.828 1.030–7.768 0.044
Culture negative 2.661 1.161–6.100 0.021

Abscess 2.513 1.332–4.742 0.004 2.570 1.075–6.142 0.034
CRP (mg/L) 1.008 1.003–1.012 0.001 1.012 1.002–1.022 0.021

AV endocarditis 0.041 0.004–0.432 0.007
Embolization 4.678 1.032–21.194 0.045

Pulmonary hypertension > 25 mm Hg is abbreviated to PH, New York heart association heart failure stage to
NYHA, intensive care unit to ICU, Aortic valve to AV, C-reactive protein to CRP. Dialysis = Acute and chronic
dialysis, Embolization = Embolization of several organs.

3.4. Survival Analysis

Median follow-up time was 3.9 (1.2; 7.7) years. Crude survival showed no sex-specific
difference (p = 0.853, Figure 2) and women and men showed a cumulative survival of
82% vs. 72%. after 5 years and 61% in both groups after 8 years.

Figure 2. Survival of women and men during follow-up.

3.5. Risk Factors for Long-Term Survival

Female gender did not prove to be a risk factor for mortality during follow-up
(p = 0.718, Table 5).
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Table 5. Independent preoperative risk factors for mortality during follow-up.

Risk Factors
Group

Hazard Ratio
Overall

95% CI p-Value
Hazard Ratio

Men
95% CI p-Value

Hazard
Ratio

Women
95% CI p-Value

Age ≥ 65 years 2.198 1.385–3.488 <0.001 1.921 * 1.287–2.868 0.001 2.066 1.056–4.040 0.034
Female gender 1.097 0.662–1.820 0.718

AHT 1.685 1.076–2.637 0.022
NYHA IV 4.192 1.954–8.993 <0.001

Poor LVEF (<30%) 1.945 1.000–3.783 0.050 2.166 1.342–3.497 0.002
PAD 2.515 1.291–4.900 0.007 1.795 1.023–3.152 0.041

CAD stage 3 4.040 1.633–9.994 0.003
Dialysis 2.186 1.102–4.338 0.025 1.926 1.145–3.241 0.014 3.383 1.317–8.688 0.011

Combined surgery 2.223 1.236–3.998 0.008 1.709 1.054–2.770 0.030
Cardiogenic shock 3.601 1.803–7.189 <0.001

Emergency 5.850 2.439–14.032 <0.001
Diagnosis > 7 days 2.902 1.341–6.282 0.007

Stroke 2.165 1.334–3.516 0.002
Tumor 1.687 1.014–2.808 0.044

Liver disease 1.912 1.090–3.355 0.024 2.114 1.310–3.413 0.002
S. viridans 0.336 0.123–0.924 0.035

S. epidermidis 4.878 1.680–14.160 0.004
AV endocarditis 0.300 0.123–0.734 0.008

Abscess 1.561 1.038–2.348 0.032
CRP (mg/L) 1.006 1.001–1.010 0.018

Peripheral arterial disease is abbreviated to PAD, Arterial hypertension to AHT, New York heart association
heart failure stage to NYHA, Coronary heart disease to CAD, Streptococcus viridans to S. viridans, Staphylococcus
epidermidis to S. epidermidis, Aortic valve to AV, C-reactive protein to CRP, Dialysis = Acute and chronic dialysis,
Combined surgery = Combined valve surgery, Diagnosis > 7 days = Diagnosis until surgery > 7 days. * Age in the
male group was categorized to ≥ 70 years.

The Cox regression revealed sex-specific risk factors for late mortality. Age ≥ 70 years,
arterial hypertension, LVEF < 30%, PAD, combined valve surgery, cardiogenic shock,
preoperative stroke, tumor, liver disease, and abscess were identified as risk factors in the
male group. Risk factors in the female group were age ≥ 65 years, NYHA IV, coronary three-
vessel disease, emergency admission, diagnosis until surgery > 7 days, Staphylococcus
epidermidis as a pathogenic microorganism, and preoperatively increased CRP (mg/L)
level, while preoperative acute or chronic dialysis was evident in both groups.

4. Discussion

In this study, women showed a considerably higher early mortality when compared
to men and the female gender was an independent predictor for 30 day mortality, while no
significant difference was observed regarding mortality during follow-up. Independent
risk factors for early and late mortality showed substantial sex-specific differences and
differed strikingly from the results of the overall group.

In contrast to the review of Slipczuk et al. 2013 [10], who found a proportional increase
in male IE patients from the 1970s to the 2000s, we could not show a further temporal trend
in the male/female ratio during our study period from 2002 to 2020. The proportion of our
surgically treated female patients was 25.4%, which is lower than 31.1% in the European
infective endocarditis registry, which also included non-surgically treated patients [3]. This
points to an underlying lower rate of referral to cardiac surgery in our female patients, a
finding already described in several recent studies [3,9,13,15].

In contrast to previous findings [8,9,12,14], female patients in our study were not
distinctly older and did not present with more comorbid conditions when compared to
men. As shown in previous studies [9,13,17], IE affected the aortic valve in men most
frequently, while in female patients, a predominant affection of the mitral valve was found.

Risk stratification by logistic EuroSCORE and EuroSCORE II showed a tendency
towards a higher postoperative risk in female patients. However, particularly EuroSCORE
II did not adequately predict the considerably higher mortality in women when compared
to men. The EuroSCORE includes female gender as a risk factor, but it is based on a
mixed female and male population and therefore does not take into account the different
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weighting of risk factors in men and women identified in previous studies [2,12] and
confirmed by our results.

Despite comparable intraoperative procedural times, women received more blood
transfusions than men. Higher transfusion rates and lower preoperative hemoglobin levels
in women were already described for cardiac surgery [24,25], and may explain the observed
intraoperative discrepancy in our study. Men tended to develop a delirium more often than
women, as we already observed at aortic surgery [26]. This is in line with the findings of
Wang et al. that male gender is an important predictor for postoperative delirium following
cardiac surgery [27]. Moreover, red blood cell transfusion, which was more frequent in
our male patients postoperatively, was shown to be an important initiating risk factor for
delirium after cardiac surgery in a review by Koster et al. [28], as well as the association
with prolonged postoperative stay in our male patients [29].

The overall early mortality of 17.9% in our study was comparable to the 17% mortality
reported in the European endocarditis registry [3] and 17.2% mortality after surgery for
IE of the aortic valve [12]. Women in our study experienced a significantly higher early
mortality when compared to men as demonstrated previously [12,13,17]. However, in
contrast to these studies, we found no major sex-specific differences regarding baseline
clinical presentation, comorbidities, or pathogenic organisms that could explain the poorer
outcome in women, but rather a gender-specific impact of risk factors, as the univariate
and multivariable analysis indicated.

Weber et al. [17] stated that the severity of presentation, but not female gender, ac-
counts for a worse outcome after IE. Contrary to their results, which included also postoper-
ative factors and EuroSCORE II, female sex proved to be an independent predictor for early
mortality in our study on preoperative predictors, confirming previous results [4,12,16].
The multivariable analysis, moreover, revealed distinct sex-specific predictors for early
mortality. In female patients, an age ≥ 65 years, dialysis, preoperative transfer from the
ICU, and increased CRP level were predictive. Elevated baseline CRP levels were pre-
dictive for early mortality after IE in a prospective hospital-based analysis [30], however,
it was a risk factor only in our female surgical patients. Dialysis was shown to be a risk
factor in women [12], but was confirmed by our study as being a risk for both genders
as demonstrated recently [2]. A predominant affection of the mitral valve as identified
in our female patients may be associated with a lower referral to early valve surgery in
women [19], whereas affection of the aortic valve was identified as predictor for early valve
surgery [19]. The protective effect of aortic valve IE identified in our female patients may
support this theory of a possible earlier referral of women with aortic valve IE in a less
severe preoperative condition. However, this observation should be further clarified. Only
in the male group, age ≥ 70 years, BMI, pulmonary hypertension, and factors related to
severity of IE, namely, fever until surgery, embolization of several organs, and culture-
negative IE, were risk factors for 30 day mortality. The frequency of culture-negative IE was
similar in women and men in our study but was overall higher (27.5%) when compared to
the findings of the European endocarditis registry, which reports a frequency of 21% [3].
A recent study by Salsano et al. [31] showed that culture-negative IE is associated with a
significantly higher adjusted postoperative risk for early mortality. Culture-negative IE
may complicate treatment and result in a worse outcome, as observed in our male patients.

Unadjusted all-cause survival was similar between genders. Once the critical early
period is overcome, women and men therefore seemed to have a comparable prognosis,
as also shown in a previous hospital-based study [18]. In contrast, Dohmen et al. [12] and
Weber et al. [17] found a significantly worse survival after surgery for IE in women when
compared to men during a 12 year and a 1.76 year follow-up, respectively. A higher age
and more severe degree of IE may explain the worse outcome in in these studies.

Previous studies demonstrated that female gender was not an independent predictor
for mid-term and long-term mortality [8,9,17,19], which was confirmed by our analysis.
Our multivariable analysis revealed distinct gender-specific risk factors for mortality during
follow-up, except for age and preoperative dialysis, which were identified as risk factors
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in both genders, confirming the results of Dohmen et al. [12]. The meta-analysis of Liang
et al. [32] indicated that a surgical treatment within one week after diagnosis was associated
with lower in-hospital mortality; however, a time interval > 7 days was an independent
predictor for follow-up mortality in female patients in our study, but not for early mortality,
and, moreover, it did not prove as a risk factor for male patients.

This study has several limitations. The retrospective single-center design carries
a possible risk for unknown confounders due to unregistered variables. The limited
sample size of the female cohort decreases the statistical power and may have impaired the
detection of risk factors in the female group.

5. Conclusions

Female gender was an independent predictor for 30 day mortality but not for late
mortality after surgical treatment of IE. Striking differences regarding sex-specific risk
factors indicate that analyses of a mixed male and female cohort may overlook important
risk factors. The higher risk for early postoperative mortality in women should not per
se lead to avoidance of surgical therapy in women, as surgical treatment was shown to
be a protective factor against early mortality in IE in previous studies. Consideration of
sex-specific risk factors in prevention, interdisciplinary diagnosis, therapy, and an early
postoperative course, such as preoperative elevated CRP level and interval from diagnosis
to surgery in female patients, as well as the potential risk of culture-negative IE in male
patients, may improve outcomes in women and men.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11071875/s1, Table S1: Pre- and intraoperative characteristics
associated with 30-day mortality (p ≤ 0.1), Figure S1: Flow chart of case numbers over the course of
the study.
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Abstract: (1) Background: A description of the trends and outcomes during hospitalization for
infective endocarditis (IE) according to sex. (2) Methods: Using Spanish national hospital discharge
data (2016–2020), we built Poisson regression models to compare the age-adjusted time trends for
the incidence rate. We used propensity score matching (PSM) to compare the clinical characteristics
and the in-hospital mortality (IHM) between men and women hospitalized with IE. (3) Results: We
identified 10,459 hospitalizations for IE (33.26% women). The incidence of IE remained stable during
this five-year period. The age-adjusted incidence of IE was two-fold higher among men vs. women
(IRR = 2.08; 95%CI 2.0–2.17). Before PSM, women with IE were significantly older than men (70.25 vs.
66.24 years; p < 0.001) and had lower comorbidity according to the Charlson comorbidity index (mean
1.38 vs. 1.43; p = 0.019). After PSM, the IHM among women admitted for IE remained >3 points
higher than that among men (19.52% vs. 15.98%; p < 0.001). (4) Conclusions: The incidence of IE was
two-fold higher among men than among women. IHM was significantly higher among women after
accounting for the potential confounders.

Keywords: infective endocarditis; sex; heart valve surgery; comorbidities; in-hospital mortality

1. Introduction

Infective endocarditis (IE) has classically been associated with a grim prognosis, with
an in-hospital mortality (IHM) ranging from 11% to 20% [1,2]. A deeper understanding of
the factors that contribute to worsening the outcomes could inform clinical decisions to
improve the management of the patients admitted to the hospital for IE.

Some authors have claimed that sex plays a role in the outcome of patients admitted
for IE [3]. Beyond the distinct biological factors possibly underlying sex-related disparities
in the host response to the infection, gender could influence patients’ and doctors’ behaviors
and thus modify the clinical course of the disease [4]. For instance, lower rates of heart
valve replacement surgery among women have been reported during hospitalization for
IE [5].

Older research from our country found that the female sex is associated with IHM
in IE [6]. However, this research work mainly focused on microbiological isolations and
differences among treating hospitals and did not specifically address the effect exerted by

J. Clin. Med. 2022, 11, 6847. https://doi.org/10.3390/jcm11226847 https://www.mdpi.com/journal/jcm
84



J. Clin. Med. 2022, 11, 6847

sex on mortality. Contrarily, other studies support a trend of a lower IHM among women [7].
Moreover, different researchers have published nonsignificant differences in IHM between
both sexes, like the paper by Sevilla T et al. [8]. However, in this study, the IHM was
28% among men vs. 35% among women (p value = 0.1), conveying the idea that a lack of
statistical power due to small study populations may add confusion. Residual confounding
is an important issue concerning randomized clinical trials. Propensity score matching
(PSM) might help reduce the impact of unaccounted factors in observational studies [9].
Recent research from our country using PSM has revealed higher mortality among women
admitted for IE [10]. However, this work was not fully representative of national data
because the registry used for this investigation is integrated by multidisciplinary groups
from large academic centers that actively included new IE cases and specifically evaluated
the role of surgery in people admitted for IE [10].

With this background, in this investigation, we aimed to describe the incidence of
hospitalizations for IE among women and men in Spain for the period 2016–2020, assessing
sex differences. We also compared the clinical characteristics, use of therapeutic procedures,
and in-hospital outcomes according to sex using PSM.

2. Materials and Methods

2.1. Study Design, Study Population, and Data Assessment

We performed an observational, sex-stratified cohort study based on data from the
Hospital Discharge Records of the Spanish National Health System (RAE-CMBD, Registro de
Actividad de Atención Especializada-Conjunto Mínimo Básico de Datos [Register of Specialized
Care–Basic Minimum Database]) for the period 1 January 2016 to 31 December 2020. The
discharge records were coded based on the International Classification of Disease, Tenth
Revision (ICD-10). Details on the RAE-CMBD are available online [11].

The study population comprised every person aged ≥18 years hospitalized with an
ICD-10 diagnosis code for IE (I33.0; I33.9; I38) in the first or second diagnostic position in
their discharge reports. This method to identify IE hospitalizations has been previously
used for research purposes in our country [6].

We excluded patients with missing data for age (n = 4), sex (n = 6), and discharge
destination (n = 10). If the same patient was admitted with a diagnosis of IE more than
once during the 2016–2020 period, we only considered the first episode in this research.

The main variables were trends in the incidence of IE in men and women, IHM, and
length of hospital stay (LOHS). We also analyzed comorbidities and therapeutic procedures
in men and women with IE. Comorbidity was measured using the Charlson comorbidity
index (CCI) calculated based on ICD-10 codes, as described elsewhere [12,13].

To calculate the incidence rates, we used the population data provided by the Spanish
National Statistics Institute for the years 2016–2020, grouped by age and sex [14].

We reported, for each patient, the following diagnoses: prevalent heart valvulopathy,
congenital malformation of the heart, prosthetic valve carrier status, drug abuse, COVID-
19, atrial fibrillation, ischemic heart disease, periannular complications/atrioventricular
block, septic arterial embolism and shock. As for pathogens, we sought bacteremia by
Staphylococcus, Streptococcus, Gram-negative bacilli, and fungi.

We also collected data on procedures like dialysis, heart valve surgery, mechanical
ventilation, and pacemaker implantation. The ICD10 codes used for these diagnoses and
procedures are shown in Table S1.

Finally, the hospital department where the patients were admitted was analyzed.

2.2. Propensity Score Matching

The PSM method consisted of selecting (for each woman) a man with the same
or closest propensity score (PS) obtained with multivariable logistic regression, so we
could match the structure of the confounding factors for both sexes. We used year of
hospitalization, age, and all the comorbidities present on admission as matching conditions
to calculate the PS [15].
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The matching method chosen was one-to-one using calipers of width equal to 0.2 of the
standard deviation of the logit of the PS. Estimating the absolute standardized difference
before and after matching allowed us to assess the quality of the PSM process. Populations
are considered to be well balanced whenever the absolute standardized differences were
<10% after PSM [15].

2.3. Statistical Analysis

We estimated the incidence of IE per man and woman hospitalized for each of the five
years analyzed. Age-adjusted incidence rate ratios (IRRs) with their 95% confidence inter-
vals (95% CIs) were calculated using Poisson regression models to compare the incidence
of IE according to sex.

We show the mean and standard deviation (SD) or median and interquartile range
(IQR) for the continuous variables and frequency and percentage for the categorical vari-
ables. We compared the continuous variables using the t test or the Mann–Whitney test,
and categorical variables using the chi-square test.

To assess changes over time, we used Poisson regression for the incidence, Cochran-
Armitage tests for categorical variables, and the Jonckheere-Terpstra test for the LOHS.

Multivariable trends in the incidence of IE adjusted by age were evaluated with
Poisson regression. We provided the annual percentage change (APC) with 95% confidence
interval.

The statistical analysis and the PSM were conducted using Stata version 14 (Stata,
College Station, TX, USA), and significance was set at p < 0.05 (2-sided).

2.4. Ethics

The access to the RAE-CMBD is universal under request (to the Spanish Ministry of
Health) [16]. Since this is an anonymous registry, it is not deemed necessary to ask for
individual written consent from the patients or to apply for an ethics committee approval,
following Spanish legislation.

3. Results

We identified a total of 10,459 patients aged ≥18 years with an admission diagnosis
of IE in Spain during the period 2016–2020. Women represented 33.26% (n = 3479) of the
study population.

3.1. Incidence of Patients Admitted to Hospitals with IE and Hospital Department of Admission
According to Sex

The incidence of IE was significantly higher in men than in women for all the years
analyzed (p < 0.001), with an age-adjusted IRR of 2.08 (95% CI 2.00–2.17) for men vs. women.
As can be seen in Table 1, the crude incidence of IE remained stable from 2016 to 2020
among both men and women.

We could see no significant changes in the incidence of IE over time for women (APC
−0.07%; 95% CI, −0.17% to 0.08%; p = 0.458) or men with IE (APC, 0.03%; 95% CI, −0.09%
to 0.03%; p = 0.689) in the multivariable regression model.

Over time, the mean age increased only in men (65.53 ±17.31 years in 2016 vs.
67.45 ± 15.24 in 2020; p < 0.001). The presence of previous mitral, aortic, and tricuspid
valve disease and the mean CCI increased significantly among both sexes. Congenital
malformation of the heart remained constant over the study period for both sexes, with
figures ranging from 2% to 4%.
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Table 1. Incidence, clinical characteristics, and in-hospital outcomes of patients hospitalized with
infective endocarditis in Spain from 2016 to 2020 according to sex.

2016 2017 2018 2019 2020 p-Value *

N, (incidence per 100,000 people
per year) Both sexes 1975 (4.25) 2090 (4.49) 2242 (4.8) 2222 (4.72) 1930 (4.08) 0.656

N, (incidence per 100,000 people
per year)

Women 646 (2.73) 704 (2.97) 772 (3.24) 715 (2.98) 642 (2.66) 0.672

Men 1329 (5.83) 1386 (6.07) 1470 (6.42) 1507 (6.53) 1288 (5.55) 0.826

Age, mean (SD)
Women 70.21 (18.21) 69.00 (19.34) 69.88 (18.27) 70.53 (16.74) 71.78 (14.77) 0.064

Men 65.53 (17.31) 64.62 (17.18) 67.23 (15.82) 66.36 (15.90) 67.45 (15.24) <0.001

CCI index, mean (SD)
Women 1.27 (1.13) 1.35 (1.12) 1.30 (1.11) 1.46 (1.18) 1.50 (1.17) <0.001

Men 1.30 (1.19) 1.43 (1.21) 1.49 (1.25) 1.43 (1.25) 1.53 (1.27) <0.001

Prosthetic valve carriers, n (%)
Women 69 (10.68) 68 (9.66) 65 (8.42) 55 (7.69) 65 (10.12) 0.287

Men 121 (9.10) 117 (8.44) 136 (9.25) 121 (8.03) 103 (8.00) 0.647

Previous mitral valve disease, n (%)
Women 195 (30.19) 189 (26.85) 235 (30.44) 244 (34.13) 217 (33.80) 0.021

Men 311 (23.40) 349 (25.18) 370 (25.17) 364 (24.15) 367 (28.49) 0.032

Previous aortic valve disease, n (%)
Women 128 (19.81) 163 (23.15) 174 (22.54) 206 (28.81) 177 (27.57) <0.001

Men 357 (26.86) 410 (29.58) 420 (28.57) 444 (29.46) 422 (32.76) 0.020

Previous tricuspid valve disease, n (%)
Women 43 (6.66) 54 (7.67) 90 (11.66) 82 (11.47) 74 (11.53) 0.001

Men 66 (4.97) 80 (5.77) 101 (6.87) 111 (7.37) 112 (8.70) 0.002

Previous pulmonary valve disease,
n (%)

Women 3 (0.46) 7 (0.99) 2 (0.26) 2 (0.28) 3 (0.47) 0.268

Men 3 (0.23) 7 (0.51) 4 (0.27) 2 (0.13) 7 (0.54) 0.244

Congenital malformation of heart,
n (%)

Women 13 (2.01) 25 (3.55) 28 (3.63) 20 (2.8) 19 (2.96) 0.403

Men 44 (3.31) 51 (3.68) 57 (3.88) 55 (3.65) 40 (3.11) 0.820

Drug abuse, n (%)
Women 10 (1.55) 13 (1.85) 8 (1.04) 5 (0.70) 5 (0.78) 0.208

Men 44 (3.31) 56 (4.04) 68 (4.63) 58 (3.85) 41 (3.18) 0.274

LOHS, median (IQR)
Women 16.5 (27) 17 (28) 18 (25) 19 (24) 18 (24) 0.681

Men 20 (25) 19 (26) 19 (26) 19 (25) 19 (23) 0.897

IHM, n (%)
Women 125 (19.35) 128 (18.18) 142 (18.39) 144 (20.14) 140 (21.81) 0.441

Men 191 (14.37) 183 (13.20) 232 (15.78) 233 (15.46) 200 (15.53) 0.275

* p value for time trend. SD: standard deviation; CCI: Charlson comorbidity index; LOHS: length of hospital stay;
IQR: interquartile range; IHM: in-hospital mortality.

LOHS was around 18 days in women and 19 days in men. We found no significant
differences in crude IHM among women (19.35% in 2016 vs. 21.81% in 2020; p = 0.441) or
men (14.37% in 2016 vs. 15.53%; p = 0.275) over time (Table 1).

The distributions by hospital departments where patients with IE were admitted
according to sex are shown in Table S2. For both sexes, the most common admission
department was Internal Medicine, with a significantly higher proportion of women than
men (43.32% vs. 38.94%; p < 0.001). However, Cardiology (17.98% vs. 16.21%; =0.025),
Cardiovascular Surgery (14.15% vs. 9.89%; p < 0.01), and Infectious Diseases (10.33% vs.
7.85%; p < 0.001) were more frequent among men. No significant differences were found
for the Intensive Care Unit (7.27% for women and 7.21% for men).

3.2. Clinical Characteristics and Hospital Outcomes for Women and Men Admitted to the Hospital
for IE

Before PSM, when all patients hospitalized from 2016 to 2020 were grouped, women
with IE were significantly older than men (70.25 vs. 66.24; p < 0.001) but had fewer
comorbidities according to the CCI (1.38 vs. 1.43; p = 0.019) (Table 2). Men suffered from
most of the comorbid conditions analyzed more frequently than women. Nonetheless,
dementia and atrial fibrillation were more prevalent among women. After PSM, the
differences seen between men and women before PSM became nonsignificant.
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Table 2. Distribution of clinical characteristics of women and men with infective endocarditis in
Spain (2016–20), before and after propensity score matching (PSM).

BEFORE PSM AFTER PSM

Women Men ASD p-Value Women Men ASD p-Value

N 3479 6980 NA NA 3479 3479 NA NA

Age, mean (SD) 70.25 (17.59) 66.24 (16.33) 0.236 <0.001 70.25 (17.59) 70.11 (11.87) 0.07 0.697

CCI index, mean (SD) 1.38 (1.15) 1.43 (1.24) 0.049 0.019 1.38 (1.15) 1.42 (1.11) 0.047 0.140

Prosthetic valve carriers, n (%) 322 (9.26) 598 (8.57) 0.024 0.242 322 (9.26) 344 (9.89) 0.022 0.370

Previous mitral valve disease, n (%) 1080 (31.04) 1761 (25.23) 0.13 <0.001 1080 (31.04) 1069 (30.73) 0.065 0.781

Previous aortic valve disease, n (%) 848 (24.37) 2053 (29.41) 0.114 <0.001 848 (24.37) 789 (22.69) 0.09 0.097

Previous tricuspid valve disease, n (%) 343 (9.86) 470 (6.73) 0.113 <0.001 343 (9.86) 337 (9.69) 0.006 0.809

Previous pulmonary valve disease, n (%) 17 (0.49) 23 (0.33) 0.025 0.214 17 (0.49) 20 (0.57) 0.014 0.621

Congenital malformation of heart, n (%) 105 (3.02) 247 (3.54) 0.083 0.164 105 (3.02) 87 (2.52) 0.041 0.705

COVID-19, n (%) 20 (0.57) 31 (0.44) 0.028 0.366 20 (0.57) 27 (0.78) 0.018 0.306

Congestive heart failure, n (%) 392 (11.27) 717 (10.27) 0.032 0.119 392 (11.27) 382 (10.98) 0.009 0.703

Septic arterial embolism, n (%) 150 (4.31) 305 (4.37) 0.003 0.891 150 (4.31) 161 (4.63) 0.016 0.523

Dementia, n (%) 92 (2.64) 108 (1.55) 0.077 <0.001 92 (2.64) 82 (2.36) 0.02 0.443

Acute renal disease, n (%) 690 (19.83) 1500 (21.49) 0.041 0.050 690 (19.83) 676 (19.43) 0.01 0.673

Chronic renal disease, n (%) 640 (18.4) 1186 (16.99) 0.037 0.075 640 (18.40) 656 (18.86) 0.012 0.622

Ischemic heart disease, n (%) 343 (9.86) 1229 (17.61) 0.227 <0.001 343 (9.86) 379 (10.90) 0.081 0.156

COPD, n (%) 104 (2.99) 683 (9.79) 0.281 <0.001 104 (2.99) 131 (3.77) 0.097 0.072

Atrial fibrillation, n (%) 1167 (33.54) 1789 (25.63) 0.174 <0.001 1167 (33.54) 1223 (35.15) 0.035 0.157

Diabetes, n (%) 816 (23.46) 1792 (25.67) 0.052 0.013 816 (23.46) 793 (22.79) 0.015 0.513

Drug abuse, n (%) 41 (1.18) 267 (3.83) 0.17 <0.001 41 (1.18) 60 (1.73) 0.042 0.057

Shock, n (%) 65 (1.87) 163 (2.34) 0.033 0.123 65 (1.87) 63 (1.81) 0.004 0.858

Periannular complications/atrioventricular
block, n (%) 142 (4.08) 425 (6.09) 0.191 <0.001 142 (4.08) 122 (3.51) 0.033 0.209

NA: not applicable; SD: standard deviation; CCI: Charlson comorbidity index; COPD: chronic obstructive
pulmonary disease. ASD: absolute standardized differences.

Shown in Table 2 and Figure 1 are the absolute standardized differences before and
after PSM. As can be seen in Figure 1, a significant imbalance could be ruled out since all
the absolute standardized differences after PSM were below 10% [15].

In Table 3, we show the distribution of the isolated pathogens, therapeutic procedures,
and hospital outcomes among women and men with IE, both before and after PSM. Strep-
tococcus bacteremia was more incident in men, whereas Gram-negative bacilli were more
incident in women, even after PSM. Women underwent heart valve surgery and pacemaker
implantation less often than men, even after PSM (16.3% and 4.02% vs. 18.74% and 5.29%;
p = 0.007 and p = 0.012, respectively). However, mechanical ventilation was more often
coded among women than among men (10.32% vs. 8.88%; p = 0.042). IHM among women
admitted for IE remained over 3% higher than among men (19.52% vs. 15.98%; p < 0.001).
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Figure 1. Love plot showing the comparison of covariate values for men and women: absolute
standardized differences before and after propensity score matching (PSM). Green line shows the
absolute standardized differences of 10%. Dotted lines show 20% and 30% standardized differences.

Table 3. Distribution of isolated pathogens, therapeutic procedures, and hospital outcomes among
women and men with infective endocarditis in Spain (2016–2020), before and after propensity score
matching (PSM).

BEFORE PSM AFTER PSM

Women Men p-Value Women Men p-Value

Staphylococcus bacteremia,
n (%) 992 (28.51) 2035 (29.15) 0.496 992 (28.51) 978 (28.11) 0.709

Streptococcus bacteremia, n (%) 705 (20.26) 1715 (24.57) <0.001 705 (20.26) 848 (24.37) <0.001

Gram-negative bacilli
bacteremia, n (%) 353 (10.15) 459 (6.58) <0.001 353 (10.15) 240 (6.90) <0.001

Fungemia, n (%) 15 (0.43) 34 (0.49) 0.693 15 (0.43) 14 (0.40) 0.852

Heart valve surgery n (%) 567 (16.30) 1560 (22.35) <0.001 567 (16.30) 652 (18.74) 0.007

Dialysis, n (%) 172 (4.94) 350 (5.01) 0.876 172 (4.94) 141 (4.05) 0.073

Pacemaker implantation, n (%) 140 (4.02) 385 (5.52) 0.001 140 (4.02) 184 (5.29) 0.012

Mechanical ventilation, n (%) 359 (10.32) 788 (11.29) 0.135 359 (10.32) 309 (8.88) 0.042

LOHS, median (IQR) 18 (25) 19 (25) 0.085 18 (25) 19 (25) 0.271

IHM, n (%) 679 (19.52) 1039 (14.89) <0.001 679 (19.52) 556 (15.98) <0.001

LOHS: length of hospital stay; IQR: interquartile range; IHM: in-hospital mortality. Heart valve surgery included
aortic, mitral, tricuspid, and pulmonary.

3.3. Variables Associated with IHM for Women and Men Admitted to the Hospital with a
Diagnosis of IE

We show IHM among women and men with IE before and after PSM according to
the prespecified variables in Table 4. Older ages were associated with increased IHM
among both sexes. Even after PSM, IHM among women was higher than among men for
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several conditions, such as previous mitral disease (p < 0.001), septic arterial embolism
(p = 0.032), acute renal disease (p = 0.005), atrial fibrillation (p = 0.036), diabetes (p = 0.004),
Gram-positive cocci bacteremia, and heart valve surgery (p = 0.01).

Table 4. In hospital mortality according to study variables of women and men with infective
endocarditis in Spain (2016–2020), before and after propensity score matching (PSM).

BEFORE PSM AFTER PSM

Women Men p-Value Women Men p-Value

N 679 1039 NA 679 556 NA

Age, mean (SD) 75.94 (11.72) 72.88 (12.03) <0.001 75.94 (11.72) 75.97 (10.12) 0.966

<40 years old, n (%) 4 (1.71) 10 (2.28) 0.621 4 (1.71) 0 (0) NA

40–66 years old, n (%) 121 (15.37) 273 (10.62) <0.001 121 (15.37) 101 (10.58) 0.003

67–75 years old, n (%) 151 (18.48) 262 (15.35) 0.047 151 (18.48) 139 (14.32) 0.018

≥76 years old, n (%) 403 (24.56) 494 (21.82) 0.045 403 (24.56) 316 (20.80) 0.012

CCI index, mean (SD) 1.81 (1.16) 2.01 (1.25) 0.001 1.81 (1.16) 1.72 (1.15) 0.163

Prosthetic valve carriers, n (%) 61 (18.94) 79 (13.21) 0.022 61 (18.94) 48 (13.95) 0.083

Previous mitral valve disease, n (%) 227 (21.02) 260 (14.76) <0.001 227 (21.02) 173 (14.65) <0.001

Previous aortic valve disease, n (%) 175 (20.64) 342 (16.66) 0.011 175 (20.64) 142 (20.97) 0.872

Previous tricuspid valve disease, n (%) 73 (21.28) 67 (14.26) 0.009 73 (21.28) 52 (15.43) 0.050

Previous pulmonic valve disease, n (%) 2 (11.76) 1 (4.35) 0.397 2 (11.76) 1 (5.00) 0.465

Congenital malformation of heart, n (%) 7 (6.67) 4 (5.67) 0.718 7 (6.67) 4 (7.55) 0.832

COVID-19, n (%) 4 (20.00) 7 (22.58) 0.827 4 (20.00) 7 (25.93) 0.636

Congestive heart failure, n (%) 103 (26.28) 168 (23.43) 0.292 103 (26.28) 100 (26.18) 0.975

Septic arterial embolism, n (%) 52 (34.67) 58 (19.02) <0.001 52 (34.67) 38 (23.60) 0.032

Dementia, n (%) 24 (26.09) 28 (25.93) 0.979 24 (26.09) 19 (23.17) 0.656

Acute renal disease, n (%) 256 (37.10) 442 (29.47) <0.001 256 (37.10) 202 (29.88) 0.005

Chronic renal disease, n (%) 172 (26.88) 275 (23.19) 0.081 172 (26.88) 158 (24.09) 0.249

Ischemic heart disease, n (%) 89 (25.95) 230 (18.71) 0.003 89 (25.95) 25 (17.36) 0.042

COPD, n (%) 30 (28.85) 141 (20.64) 0.060 30 (28.85) 1 (20.00) 0.671

Atrial fibrillation, n (%) 269 (23.05) 368 (20.57) 0.109 269 (23.05) 239 (19.54) 0.036

Diabetes, n (%) 183 (22.43) 296 (16.52) <0.001 183 (22.43) 133 (16.77) 0.004

Drug Abuse, n (%) 5 (12.20) 16 (5.99) 0.151 5 (12.20) 6 (9.38) 0.646

Shock, n (%) 45 (69.23) 89 (54.60) 0.044 45 (69.23) 33 (52.38) 0.052

Periannular complications/atrioventricular
block, n (%) 30 (21.13) 83 (19.53) 0.680 30 (21.13) 39 (18.40) 0.525

Staphylococcus bacteremia, n (%) 274 (27.62) 420 (20.64) <0.001 274 (27.62) 225 (23.01) 0.019

Streptococcus bacteremia, n (%) 75 (10.64) 118 (6.88) 0.002 75 (10.64) 65 (7.67) 0.042

Gram-negative bacteremia, n (%) 72 (20.40) 102 (22.22) 0.530 72 (20.40) 52 (21.67) 0.709

Fungemia, n (%) 6 (40.00) 15 (44.12) 0.788 6 (40.00) 9 (64.29) 0.196

Heart valve surgery, n (%) 130 (22.93) 253 (16.22) <0.001 130 (22.93) 111 (17.02) 0.010

Dialysis, n (%) 81 (47.09) 131 (37.43) 0.035 81 (47.09) 54 (38.30) 0.119

Pacemaker implantation, n (%) 17 (12.14) 37 (9.61) 0.399 17 (12.14) 17 (9.24) 0.400

Mechanical ventilation, n (%) 152 (42.34) 278 (35.28) 0.022 152 (42.34) 111 (35.92) 0.091

LOHS, Median (IQR) 14 (21) 15 (21) 0.855 14 (21) 16 (21) 0.529

NA: not applicable; SD: standard deviation; CCI: Charlson comorbidity index; COPD: chronic obstructive
pulmonary disease LOHS: length of hospital stay; IHM: in-hospital mortality. Heart valve surgery included aortic,
mitral, tricuspid, and pulmonary.

4. Discussion

Here, we found that the incidence of IE among men doubled the incidence among
women. Other studies have also reported higher incidence rates among men vs. women [5,17].
Two recent meta-analyses from one research group, which included European and North
American studies, respectively, confirmed the preponderance of male sex among patients
admitted for IE [18,19]. The reason for this consistent finding is not clear; it could perhaps
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be due to recognizable sex-specific predisposing conditions or, eventually, more frequent
episodes of low-grade bacteremia among men [20]. It has been proposed that hormonal fac-
tors could diminish the incidence of IE among women by protecting them from endothelial
damage [21].

In our population, the incidence of IE remained stable over time for both sexes. In
this regard, we found conflicting results in the literature [17,19,22–26]. A systematic review
by Talha et al. evaluated the population-based incidence of IE in Europe. The pooled
regression estimate was a 4.1 ± 1.2% for yearly increments in IE incidence, which translated
into a compound increase of 106% over 18 years (2000–2018) [18]. More years of follow-up
will be needed to confirm the stabilization of the IE incidence in our country.

The increase from 2016 to 2020 in the prevalence of comorbidities among men and
women with IE could partially obey population aging, as previously described in Spain and
other countries [6,17,23–25]. Besides this increment in the comorbidity, the IHM did not
show a significant increase over the study period, and this suggests that the management
and pharmacological treatment of IE patients in Spain may be improving [6].

We detected that women underwent heart valve surgery and pacemaker implantation
less often than men, whereas they received invasive lung ventilation more often than men,
even after PSM. These facts are relevant since pacemaker implantation was associated with
lower IHM among both sexes. We cannot dismiss the possibility of reverse causation in
this association, as better clinical conditions may have prompted the implantation of the
devices in patients prone to better outcomes. When surgery is indicated, failure to perform
the operation was associated with the worst prognosis in one study [27,28]. Nevertheless,
to make things more complex, other studies had reported worse outcomes for women
when they were operated on because of IE [29].

Even after PSM, Streptococcus bacteremia was more incident among men, whereas
Gram-negative bacilli bacteremia was more incident among women, in accordance with
previous reports [8]. We might hypothesize that men have worse oral hygiene habits
than women [30] and, consequently, a higher incidence of Streptococcus viridans bac-
teremias. Gram-negative bacilli bacteremias might derive from urinary tract infections,
which are more common among women. Streptococcus bacteremia was associated with a
lower IHM. This is coincidental from the previously published literature, especially when
compared with Staphylococcus IE [6,27,31]. A higher incidence on native valves, a better
profile of antimicrobial susceptibility, a lower capacity of valve destruction and abscess
formation, and less common peripheral embolization could explain this better outcome for
Streptococcus IE.

The odds of dying during hospitalization for IE were higher among women after
PSM, which means that this finding is apparently not explained by the remaining variables
analyzed. Conflicting results have been reported by previous work that studied the effect
of sex on survival after the diagnosis of IE [3,7,10,32]. Varela-Barca et al. [10] communicated
a 41% higher IHM among women with IE as compared with men in our country (OR, 1.41;
95% CI 1.21–1.65). Whereas a poorer overall baseline condition among women has been
proposed to be responsible for this finding, it has been speculated that women develop heart
disease later in life after the hormonal protective effects exerted by estrogens vanish [10,32].

We might theorize about a distinct biological basis or differences in the clinical profile
to explain the worse outcomes seen among women, but we are more concerned about a
possible gender bias in the clinical management of the condition beyond the measured
factors. Physicians’ perception of frailty may differ for female vs. male patients, and
this perception might lead to the adoption of comfort measures earlier for female than
for male patients, hence driving an unfair limitation on the therapeutic efforts among
women [33–35]. In fact, in Spain, the higher mortality among women has been linked to
different criteria to proceed with heart valve surgery depending on patients’ gender [36].
Furthermore, IE could also be considered more often as a differential diagnosis in men
than in women, thus allowing the diagnosis at an earlier stage, which would improve the
prognosis. Future investigations should clarify these hypotheses.
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In our population, the prevalence of congenital malformation of the heart was low
compared to other recent investigations (2–4%) [37]. Van Melle et al. showed that 11%
of the cases of IE in their cohort had a congenital malformation of the heart. We might
argue that the data used in their registry probably overestimate the true prevalence of
congenital malformation of the heart in people with IE since there is probably a selection
bias (that registry offered the patients the possibility of being included in the registry after
the diagnosis of IE, and perhaps those people aware of their chronic heart condition showed
a higher predisposition to be included in the registry) [37]. However, the outcomes reported
by Van Melle were better in this subpopulation for congenital malformation of the heart,
with results that are in line with our findings [37].

A remarkable result of our investigation is the lower LOHS compared to other stud-
ies [6,10,26]. The reported LOHS for IE ranges between 7 and 43 days, with a substantial
variation between studies from different countries, depending on the characteristics of the
populations analyzed, data sources, and methods used [6,10,26,38,39]. A recent manuscript
from Finland reports a median LOHS of 20.0 days in men and 18.0 days in women, which
is quite similar to our results [38]. In the US, using data from the Nationwide Readmission
Database for those patients who survived hospitalization for IE, the median length of stay
was 10 (IQR, 6–17) days: much shorter than our results (18 days) [39]. Our data are from
very recent years, and these figures probably reflect earlier diagnoses, more aggressive
clinical management of the patients, and better results from surgery. However, future
studies are needed to explain the differences in the LOHS reported.

The large sample size of this study, which includes data from 10,459 recent episodes
of IE and the widespread coverage of the Spanish population by the RAE-CMBD (>95%
of all hospital admissions), gives robustness to our results. However, some limitations
should be pointed out. First, our data source was the RAE-CMBD, an administrative
database that depends on the information that physicians include in the discharge report
and on manual coding on behalf of administrative staff. Second, to our knowledge, the
ICD-10 codes for IE in the RAE-CMBD have not been validated so far. However, the results
from previous studies conducted in other countries using the International Classification
of Disease, Ninth Revision, (ICD-9 and ICD-10) codes in hospital discharge databases
suggested good accuracy for the detection of IE cases [24,25,40–43]. Third, it is unlikely
that PSM could fully eliminate residual confounding. Fourth, we excluded 20 patients
from the sample (<0.2%) due to missing data, though we believe that a selection bias that
could impact the results is improbable. Fifth, the RAE-CMBD only collects information
on the diagnosis and procedures for each patient during the hospitalization, but not the
dates for each of these diagnoses nor the duration of the symptoms before hospitalization;
therefore, it is not possible to calculate the time from the beginning of the symptoms to the
diagnosis of IE. Sixth, it is common practice to admit every single case of IE to the hospital
when it is the suspected diagnosis at admission. However, most of the cases were probably
not suspected at admission but were diagnosed during the hospitalization period. For the
latter category, fever, new-onset heart failure, or a general deterioration in the clinical status
may have indicated the hospital admission. We cannot rule out some heterogeneity in the
clinical presentation of the disease according to sex, but unfortunately, the initial reason for
hospital admission was not collected in the database used. Furthermore, in our opinion,
the sex differences found in the hospital department where patients were admitted may be
justified by the differences in the symptoms of IE when they were admitted to the hospital,
the comorbid conditions, and by the higher age of the women. The RAE-CMBD database
is also limited by the lack of data on microbiological resistance patterns and the lack of
information for identifying the foci of the pathogens isolated or if the IE is device-related.
Future studies with more detailed clinical data should include these variables to assess sex
differences in IE. Seventh, even if five years may be a short period of time to show a well-
defined trend, we used data from 2016 onward because during that year, the RAE-CMBD
moved from the ICD 9 to the ICD 10, and the effect of this change in the coding method
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could affect our results. Finally, the results of this study do not necessarily reflect the actual
data from other countries.

5. Conclusions

Hospital admission for IE in adults in Spanish hospitals during the period 2016–2020
was more frequent among men than among women. The in-hospital mortality among those
women admitted for IE was significantly higher than that among men. We observed a
lower rate of invasive cardiac procedures among women admitted for IE. These and other
factors should be better characterized to minimize the differences in mortality between the
sexes for people admitted for IE.
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Abstract: Lipoprotein(a)-Lp(a), which retains proatherogenic and prothrombotic properties, may be
modified by hormonal and metabolic factors. However, few studies have focused on differences
related to sex and cardiometabolic risk factors in the relationship between Lp(a) and cardiovascular
disease, especially in terms of prognosis. This study aimed at evaluating the predictive value of Lp(a)
(cut-off 30 mg/dL) for hard events (HEs: mortality and non-fatal myocardial infarction) according to
sex and cardiometabolic risk factors in 2110 patients (1501 males, mean age: 68 ± 9 years) undergoing
coronary angiography for known or suspected coronary artery disease. There were 211 events over
a median follow-up period of 33 months. Lp(a) > 30 mg/dL did not confer a worse prognosis on
the overall population. However, Kaplan–Meier subgroup analysis evidenced a worse prognosis
in type 2 diabetes (T2D) females with elevated Lp(a) (log-rank test: p = 0.03) vs. T2D males and
no-T2D patients, but not in other high-risk cardiovascular states (e.g., smoking, hypertension, reduced
left ventricular ejection fraction or obesity). After Cox multivariate adjustment, Lp(a) remained an
independent determinant for HEs in the T2D female subgroup, conferring an HR of 2.9 (95% CI
1.1–7.7, p < 0.05). Lp(a) is therefore a strong independent predictor of HR in T2D women, but not in
T2D men, or in noT2D patients.

Keywords: Lp(a); biomarkers; mortality; non-fatal myocardial infarction; coronary artery disease;
prognosis; sex-related differences; residual risk; type 2 diabetes

1. Introduction

Lipoprotein(a) (Lp(a)) is a low-density lipoprotein containing a molecule of apolipopro-
tein(a) and apolipoprotein B-100, with a structure similar to LDL cholesterol as well as
plasminogen [1].

This molecule is associated with the pathogenesis and development of atherosclerotic
damage, in view of its conformation, which gives Lp(a) proatherogenic and prothrom-
botic properties [1]. Accordingly, results from epidemiological and genetic studies have
suggested the role of high Lp(a) as a biomarker of residual atherosclerotic risk and car-
diovascular disease (CVD) [2–4]. Subsequent studies reinforced the importance of Lp(a),
which should be assessed in all patients with premature coronary artery disease (CAD) in
the absence of major coronary risk factors [5].

The 2019 ESC/EAS guidelines on dyslipidemia indicate that Lp(a) should be measured
at least once in every person’s lifetime, in order to identify individuals with very high
inherited Lp(a) levels who are at very high risk for CVD [6]. In particular, the risk may
significantly increase when Lp(a) is above 50 mg/dL [7], although other studies showed
that values of Lp(a) >30 mg/dL are sufficient to increase the risk of cardiovascular events
or all-cause mortality [8–10]. The function and atherogenicity of Lp(a) may be modulated
by glycation, and is increased in diabetic patients [11,12]. Moreover, some studies suggest
that estrogen may reduce Lp(a), which therefore increases in postmenopausal women and
decreases in individuals on hormone replacement therapy (HRT) [13–15].
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At present, few studies have explored sex differences in the relationship between
serum Lp(a) and CVD, especially in terms of prognosis and secondary prevention, while the
under-representation of women in most studies may indicate a gap in the evidence [16,17].

Therefore, the aim of this study was to assess the association between Lp(a) concen-
tration and hard events (HEs: mortality and non-fatal myocardial infarction) in a large
population of patients undergoing coronary angiography for known or suspected coro-
nary artery disease (CAD) and in subgroups in relation to sex and in the presence of
cardiometabolic risk factors, in particular type 2 diabetes (T2D).

2. Materials and Methods

2.1. Study and Population Characteristics

We conducted a longitudinal retrospective clinical cohort study to evaluate sex-related
differences in cardiometabolic risk factors and survival in patients older than 50 years and
admitted to the Cardiology Department of the Institute of Clinical Physiology, National
Research Council, in Pisa, (Italy), who underwent coronary angiography for known or
suspected CAD and were followed up for 10 years (2110 patients, 1501 males, mean age:
68 ± 9 years). All data were acquired in the setting of institutional assistance within
clinical care purposes in a retrospective manner from our institution’s patient dataset
(image database), containing clinical characteristics, previous history, CAD risk factors,
comorbidities, laboratory and instrumental results, pharmacological therapies and post-
discharge follow-up outcomes, and analyzed anonymously as an aggregated group, not
individually [18]. Exclusion criteria were applied as follows: unavailability of Lp(a) results,
severe systemic diseases including neoplasia, acute or chronic inflammatory disease, im-
munological disease, HRT (for women) and patient refusal or inability to supply written
informed consent.

Data on smoking (no smokers, smoking history), arterial hypertension (systolic blood
pressure > 140 mmHg and/or diastolic pressure > 90 mmHg or use of antihypertensive
agents), T2D (fasting plasma glucose > 126 mg/dL or use of antidiabetic treatment), obesity
(defined as body mass index > 30 kg/m2) and dyslipidemia (total cholesterol ≥ 200 mg/dL,
triglyceride ≥ 150 mg/dL or current use of lipid-lowering therapy) were coded in a
dichotomized manner. Previous medical therapy included angiotensin-converting-enzyme
inhibitors, beta-blockers, lipid-lowering agents, antidiabetic agents, diuretics and aspirin.

The primary outcome was the occurrence of HEs. Follow-up was assessed by phone
calls, personal communication with the patient’s physician or outpatient follow-up visits.
Patients were followed from admission until the end point (mortality, the information
on which was obtained from medical records or death certificates) or for a maximum of
10 years from the time of enrollment. The definition of cardiac death required the following
documentation: significant arrhythmias, cardiac arrest, death attributable to congestive
heart failure or myocardial infarction in the absence of any other precipitating factors. The
diagnosis of myocardial infarction was based on documentation of persistent electrocar-
diographic ST segment changes, or the development of new Q waves, in association with
elevation of laboratory biomarkers.

2.2. Statistical Analysis

Data are presented as number and percentages for categorical variables and as means
and standard deviations or median where appropriate for continuous variables. Statistical
analysis included χ2 tests for categorical variables. Estimates of survival probabilities were
calculated using the Kaplan–Meier method and compared with the log-rank test. Variables
were included in the multivariate Cox model based on significance in the univariate
analyses to evaluate the effect of variables on survival time, reporting the hazard ratio
(HR) with a 95% confidence interval of probability (95% CI). p values were two-sided with
a significance threshold of 0.05. All statistical analyses were performed using Statview
statistical package, version 5.0.1 (SAS Institute, Abacus Concept, Inc., Berkeley, CA, USA).

97



J. Clin. Med. 2023, 12, 764

3. Results

Table 1 summarizes the study sample characteristics stratified by sex. Male patients
were more likely to have a higher incidence of smoking history and were characterized
by a higher proportion of subjects with reduced left ventricular ejection fraction (LVEF)
(<50%), while female patients were likely to have a higher incidence of hypertension, CAD
familiarity and obesity.

Table 1. Characteristics of the studied population.

Variable
Females Males p Value
n = 609 n = 1501

Age (50th percentile: 70 years for
females, 67 years for males) 330 (54) 769 (51) ns

Type 2 Diabetes 139 (23) 378 (25) ns

Hypertension 379 (62) 850 (57) <0.05

Dyslipidemia 465 (76) 1180 (79) ns

Familiarity with CAD 317 (52) 677 (45) <0.01

Smoking History 143 (23) 750 (50) <0.001

Obesity (<30 kg/m2) 172 (28) 323 (21) <0.001

LVEF (<50%) 130 (21) 455 (30) <0.001

Lp(a) (>30 mg/dL) 296 (49) 671 (45) ns
Data are reported as number (%) in the female and male subgroups. Abbreviations: CAD: coronary artery disease;
Lp(a): lipoprotein(a); LVEF: left ventricular ejection fraction; ns, not statistically significant.

The distribution of Lp(a) in the cohort of patients was skewed to the right (Figure 1).
The median level of lipoprotein was 27 mg/dL (29 and 26 mg/dL in female and male
patients, respectively).

Figure 1. Lp(a) distribution in the overall population.

In both sexes, the percentage of subjects with increased Lp(a) (cut-off of 30 mg/dL)
differed depending on the presence of dyslipidemia (40 vs. 51%, p < 0.05 and 35 vs. 47%,
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p < 0.001 in females and males, respectively) and family history of CAD only in males (41
vs. 49%, p < 0.01) (Table 2).

Table 2. Number and percentage of subjects with Lp(a) > 30 mg/dL in female and male patients for
each variable subgroup.

Females Males
n = 609 n = 1501

Variable
Number of Subjects with

Lp(a) > 30 mg/dL (%)
p Value

Number of Subjects with
Lp(a) > 30 mg/dL (%)

p Value

Age (<50th percentile) 143 (51) ns 337 (46) ns
Age (≥50th percentile) 153 (46) 334 (43)

no-T2D 235 (50) ns 514 (46) ns
T2D 61 (44) 157 (42)

no-Hypertension 118 (51) ns 294 (45) ns
Hypertension 178 (47) 377 (44)

no-Dyslipidemia 58 (40)
<0.05

111 (35)
<0.001Dyslipidemia 238 (51) 560 (47)

no-CAD Familiarity 138 (47) ns 340 (41)
<0.01CAD Familiarity 158 (50) 331 (49)

no-Smoking History 222 (48) ns 330 (44) ns
Smoking History 74 (52) 341 (45)

no-Obesity 210 (48) ns 524 (45) ns
Obesity 86 (50) 147 (45)

LVEF (<50%) 67 (51) ns 191 (42) ns
LVEF (≥50%) 229 (48) 480 (46)

Data are reported as the ratio between the number of individuals with Lp(a) > 30 mg/dL and the total number of
subjects in each subgroup (%). Abbreviations: CAD: coronary artery disease; Lp(a): lipoprotein(a); LVEF: left
ventricular ejection fraction; T2D: type 2 diabetes; ns, not statistically significant.

Overall, 211 HEs (161 deaths and 50 non-fatal myocardial infarctions) were recorded
during a mean follow-up of 33 months. As determined by Kaplan–Meier analysis, elevated
Lp(a) levels (>30 mg/dL) did not lead to a worse long-term prognosis (log-rank test
p value 0.68). However, subgroups analysis showed a worse prognosis in T2D females with
elevated Lp(a) (log-rank test p value 0.03) (Figure 2C) compared to T2D/no-T2D males and
no-T2D female patients (Figure 2A,B,D).

In female patients with T2D, Cox regression analyses revealed a significant association
of Lp(a) with outcomes; in particular, high Lp(a) levels (>30 mg/dL) were associated with
HEs with an HR of 2.9 (95% CI 1.1–7.7, p < 0.05) after multivariate adjustment (Table 3).

In our cohort, high-sensitivity C-reactive protein (hsCRP), fibrinogen and the erythro-
cyte sedimentation rate (ESR) were available in a subset of patients, showing the following
correlations with logLp(a) values: logLp(a) vs. logCRP (correlation not significant in
588 female patients, r = 0.11 p < 0.001 in 1451 males); logLp(a) vs. logESR (r = 0.16,
p < 0.001 in 595 female patients, r = 0.18 p < 0.001 in 1465 males); logLp(a) vs. logfibrinogen
(correlation not significant in 571 female patients, r = 0.13, p < 0.001 in 1410 males).
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Figure 2. Kaplan–Meier survival curves according to Lp(a) levels in female and male patients
with and without T2D (A–D), with hard events (mortality and non-fatal myocardial infarction) as
end points.

Table 3. Univariate and multivariate COX analysis for HEs in T2D female patients.

Predictors Univariate Analysis Multivariate Analysis

HR (95%CI) p Value HR (95%CI) p Value

Age (50th percentile) 2.5 (1–7.1) <0.05 2.7 (1–7.7) 0.05

Hypertension 1.4 (0.5–3.8) ns - -

Dyslipidemia 1.8 (0.4–8.0) ns - -

Familiarity with CAD 0.5 (0.2–1.2) ns . -

Smoking History 1.2 (0.4–3.9) ns - -

Obesity (<30 kg/m2) 0.7 (0.3–1.7) ns - -

Left Ventricular Ejection
Fraction (<50%) 1.6 (0.7–4.3) ns - -

Lp(a) (>30 mg/dL) 2.7 (1–7.2) <0.05 2.9 (1.1–7.7) <0.05
Abbreviations: HR: hazard ratio; 95%CI: 95% confidence interval of probability; ns, not statistically significant.

4. Discussion

The main result of this study is the independent association of Lp(a) levels with HEs
in a cohort of T2D women undergoing coronary angiography for known or suspected
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CAD. Conversely, no relationship between events and Lp(a) levels in diabetic men or in
non-diabetic subjects belonging to both sexes was observed.

Genetically predicted and measured Lp(a) values reveal a strong and consistent re-
lationship with CAD risk and outcomes, identifying Lp(a) as an important element of
residual cardiovascular risk [4,19]. In our overall population, Lp(a) > 30 mg/dL did not
confer a worse prognosis, in contrast to several previous findings that identified Lp(a) as
a prognostic independent risk factor for cardiovascular events, although it is important
to remember that there is marked heterogeneity across studies evaluating the prognostic
significance of Lp(a) [20]. This discrepancy may be due to different reasons. Importantly,
the relationship between Lp(a) and CAD may vary depending on the patient’s baseline
risk based on demographic characteristics (e.g., age, sex) and the presence/absence of
coexisting CAD risk factors, such as inflammation and/or a procoagulant status [21–24].

Specifically, in the Multi-Ethnic Study of Atherosclerosis (MESA) Apolipoprotein ancil-
lary dataset, isolated Lp(a) elevation was not associated with increased CVD risk, whereas
the combination of elevated Lp(a) (≥50 mg/dL) and hsCRP (≥2 mg/L) was independently
associated with CVD risk (HR, 1.62; 95% CI, 1.25–2.10) and all-cause mortality (HR, 1.39;
95% CI, 1.12–1.72) [21,22]. Conversely, the relationship between Lp(a) and cardiovascular
events may be attenuated in patients with lower low-density lipoprotein cholesterol val-
ues [20]. The data we obtained in a subgroup of patients evidenced correlations between
logLp(a) values and CRP, fibrinogen and the erythrocyte sedimentation rate (ESR), confirm-
ing the relationship between Lp(a) and these pathways, which was especially evident in
male patients. Thus, it is important to evaluate the independent and combined association
of Lp(a) and hsCRP or other biomarkers with cardiovascular outcome in specific population
subgroups. Moreover, using different methods to quantify Lp(a) may influence the final
results [25–27].

The choice of cut-off may also be a key factor, because when Lp(a) is evaluated as a
categorical variable, the thresholds for the categories may differ between studies. However,
we observed that Lp(a) was not significantly associated with HEs as assessed considering
the per unit increase in LogLp(a) (HR of 1.28, 95% CI: 1–1.8, p = 0.16), and using the
categorical threshold of 50 mg/dL (HR 1.05, 95% CI: 0.8–1.4, p = 0.7) in the univariate
analysis in the overall population.

In the context of T2D, Lp(a) is associated with T2D risk and CAD disease severity, as
well as with microvascular and kidney complications and adverse events in patients with
diabetes and elevated Lp(a) [28]. Lp(a) may increase the risk of the onset and development
of T2D and the cardiometabolic burden via pro-atherogenic and pro-inflammatory effects,
and induce a prothrombotic status through a variety of mechanisms (e.g., inhibition of the
fibrinolytic system and enhancement of tissue-factor-mediated pathways). Conversely, a
hyperglycemic status may promote the glycation of lipoproteins, while reduced insulin
production can further exacerbate the increase in Lp(a) in T2D, as insulin inhibits hepatic
apo(a) and apoB production through suppressed transcription [28].

Although sex differences in Lp(a)-related risk are still unclear, there is evidence that
estrogen reduces Lp(a), as well as that Lp(a) rises in postmenopausal women, but its
levels are reduced by HRT [29,30]. Accordingly, some data indicated that the relationship
between elevated Lp(a) levels and increased CVD risk may be modulated by HRT, as the
CV predictive role of Lp(a) in women not taking HRT was instead markedly attenuated in
those taking HRT [31]. Women in the Nurses’ Health Study with Lp(a) levels > 30 mg/dL
had an increased risk of CAD events, which appeared to be modulated by thrombosis and
inflammation [32]. Always in the Nurses’ Health Study, T2D women with increased Lp(a)
levels had a higher risk of developing CAD [33]. Previous findings also suggest that Lp(a)
has a stronger association with coronary artery calcification in T2D females with respect to
males with and without T2D or no-T2D women [30].

Taken together, these data may indicate that Lp(a) deserves to be evaluated as a
potential risk predictor in high-risk T2D women. This finding may be of particular inter-
est, as a woman’s CV risk still has unknown specific characteristics and remains largely
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underestimated. Thus, research on and identification of reliable additive biomarkers for
optimized CV assessment and improvement in CV management in women are expected
and welcome. Moreover, conventional therapeutic strategies (such as statins) have resulted
in a substantially ineffective reduction in Lp(a), and in some cases may even increase its
concentration [34]. Other drugs that lower Lp(a) levels (e.g., niacin or cholesteryl ester
transfer protein inhibitors) do not show significant beneficial effects on cardiovascular
outcomes. However, some tools currently reduce Lp(a) while also lowering CV risk (e.g.,
PCSK9 inhibitors and lipoprotein apheresis). For PCSK9 inhibitors, the magnitude of clini-
cal benefit is related to baseline Lp(a) value and associated with the degree of Lp(a) decrease.
Therefore, the identification of patients that may benefit most from such therapies as well as
the extent of Lp(a) reduction required to benefit the CV system represents a very important
challenge in targeting this biomarker as a component of residual cardiovascular risk.

Other treatment options are currently available (e.g., gene silencing via RNA inter-
ference with use of antisense oligonucleotides or small interfering RNA molecules) that
appear to reduce Lp(a) levels by more than 70%, and could be further evaluated for their
reliability in reducing overall CV events in female patients with high-risk T2D [35].

Strengths and Limitations

The study may present limitations related to its retrospective nature, and the single-
center experience, although the number of patients enrolled is large (even for the female
counterpart), and the focus on sex differences is an aspect often neglected in research studies
and clinical practice. The sample size is not necessarily balanced between sexes, as it is well
known that CAD is more common in men than in women (men usually have a 2-fold higher
incidence of CAD and related mortality than women) [36]. A further limitation is the lack of
availability of information on menopausal status in female patients, although we included
patients over 50 (only 28 women between 50 and 55 years), which is the average age at
which menopause occurs among women from industrialized countries; thus, the large
majority of female patients in our cohort were postmenopausal [37]. However, these data
highlight that there may be potential sex-related mechanisms underlying the relationship
between Lp(a), T2D and CAD, since Lp(a) would appear to predict additive risk in the case
of women with T2D.

5. Conclusions

The concentration of Lp(a) is mainly determined by genetics (>90%), more than any
other lipoprotein. In patients with suspected or known CAD, Lp(a) might represent an
additive significant risk predictor in high-risk T2D women, but not in male patients with
or without T2D or in non-diabetic women. Further studies are warranted to confirm our
preliminary results and thus contribute to a better assessment of the risk profile of this
specific population.
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Abbreviation

Lp(a) lipoprotein(a)
CAD coronary artery disease
T2D type 2 diabetes
CVD cardiovascular disease
HEs hard events
HRT hormone replacement therapy
LVEF left ventricular ejection fraction
hsCRP high-sensitivity C-reactive protein
ESR erythrocyte sedimentation rate
HR hazard ratio
95% CI 95% confidence interval of probability
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Abstract: At the time of first acute coronary syndrome (ACS) hospital admission, women are generally
older and have more comorbidities than men, which may explain differences in their short-term
prognosis. However, few studies have focused on differences in the out-of-hospital management of
men and women. This study investigated (i) the risk of clinical outcomes, (ii) the use of out-of-hospital
healthcare and (iii) the effects of clinical recommendations on outcomes in men vs. women. A total
of 90,779 residents of the Lombardy Region (Italy) were hospitalized for ACS from 2011 to 2015.
Exposure to prescribed drugs, diagnostic procedures, laboratory tests, and cardiac rehabilitation
in the first year after ACS hospitalization were recorded. To evaluate whether sex can modify the
relationship between clinical recommendations and outcomes, adjusted Cox models were separately
fitted for men and women. Women were exposed to fewer treatments, required fewer outpatient
services than men and had a lower risk of long-term clinical events. The stratified analysis showed
an association between adherence to clinical recommendations and a lower risk of clinical outcomes
in both sexes. Since improved adherence to clinical recommendations seems to be beneficial for
both sexes, tight out-of-hospital healthcare control should be recommended to achieve favourable
clinical benefits.

Keywords: acute coronary syndrome; sex-differences; healthcare; public health; real-world

1. Introduction

Acute coronary syndrome (ACS) includes multiple manifestations of myocardial
ischemia, including ST-segment elevation myocardial infarction (STEMI), non-ST-segment
elevation myocardial infarction (NSTEMI) and unstable angina (UA). In Italy, twenty-eight-
day case cardiac fatalities decreased by almost two-thirds during the 1990s [1], likely due
to impressive improvements in medical treatments. This led to an increased number of
patients who survived an ACS episode. Therefore, the clinical management of ACS patients
after hospital discharge became a major challenge to improving long-term prognosis [2].
Although evidence-based guidelines have been developed for the secondary prevention
of cardiovascular events and death [3,4], the risk of adverse outcomes in these patients
is still high [5]. This is partially due to suboptimal adherence to current clinical practice
guidelines [6,7].

Several studies have reported that women have worse short-term outcomes after
ACS treatment. This is likely because they experience their first ACS episode at an older
age when their clinical profile is already compromised by other comorbidities [8–12].
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However, few studies have investigated differences in the out-of-hospital management
of ACS between men and women, and those that have evaluated drug treatment and
long-term prognosis observed conflicting findings [13–15].

Based on these premises, a large real-world study of a cohort of patients admitted to
the hospital for their first episode of ACS was performed to evaluate sex-related differences
in both out-of-hospital healthcare and short- and long-term clinical outcomes. A further
aim was to assess whether sex modified the relationship between post-discharge healthcare
and clinical outcomes.

2. Materials and Methods

2.1. Setting

Data used for this study were retrieved from the healthcare utilization databases of
Lombardy, a region of Italy that accounts for about 16% of its population (about 10 million
individuals). All Italian citizens have equal access to health care services as part of the
National Health Service (NHS).

Automated healthcare utilization databases allow the Lombardy Region to collect var-
ious information, including (i) demographic and administrative data on NHS beneficiaries,
(ii) private and public hospital discharge records coded according to the International Clas-
sification of Diseases, 9th Revision Clinical Modification (ICD-CM-9) classification system;
(iii) outpatient drug prescriptions coded with the Anatomical Therapeutic Chemical (ATC)
classification system; and (iv) data on outpatient services, including specialist visits and
diagnostic examinations reimbursable by the NHS.

Records are linked between databases through a single identification code. To preserve
privacy, each identification code is automatically converted into an anonymous code.
Patient identification by the Regional Health Authority is only allowed upon request by
judicial authorities.

Studies on the healthcare utilization databases of Lombardy in the field of cardio-
vascular diseases have been carried out [16–18]. Supplementary Table S1 lists the codes
that were used to identify hospitalizations, prescriptions and information of interest to the
current paper.

2.2. Cohort Selection

The target population consisted of residents of Lombardy aged 40–90 years. As
shown in Figure 1, to assess (i) in-hospital all-cause mortality, (ii) out-of-hospital clinical
outcomes, and (iii) healthcare provision to cohort members, three cohorts were identified
and evaluated as described below.

First, patients who were hospitalized via the emergency room with an ACS diagnosis
from 2011–2015 were identified, and the dates of admission and discharge from their
first hospitalization during this period were recorded as “index admission” and “index
discharge”, respectively. Patients who were beneficiaries of the NHS for less than five
years prior to the index hospital admission, or who had a previous hospitalization for
ACS during the same period, were excluded from the study cohort, as information from
previous years was used to characterize cohort members. The remaining patients were
included in the “first cohort” and were studied to evaluate in-hospital all-cause mortality.

Aiming to evaluate clinical outcomes after hospital discharge, subjects who survived
the index hospitalization were selected for the “second cohort”. This latter group calculated
person-years of follow-up from the index discharge until an end outcome (see below) or
censoring event (death, emigration, or end of follow-up, i.e., 30 June 2018) occurred.
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Figure 1. Flowchart of selection of the cohorts.

Finally, aiming to guarantee at least one year of observations to track outpatient
services and treatments, patients who experienced a relevant clinical outcome (death or
readmission for any cardiovascular causes) in the first year after hospital discharge were
excluded from the “third cohort”. Patients of the third cohort were followed up until
clinical outcomes or censoring as defined for the second cohort were met.

2.3. Cohort Baseline Characteristics

Baseline characteristics included those measured at the index admission, including sex,
age, ACS type and comorbidities as drawn from in-hospital diagnoses and drugs dispensed
within five years of the index admission: hypertension, dyslipidaemia, cerebrovascular
disease, diabetes, chronic renal failure, chronic obstructive pulmonary disease (COPD),
depression and cancer. Patient clinical status was assessed by the Multisource Comorbidity
Score (MCS) [19], a comorbidity index that has been shown to predict mortality and other
clinical outcomes in the Italian population better than other commonly used comorbidity
scores. Four comorbidity profile categories were established: good (MCS: 0–4), intermediate
(5–9), poor (10–14), and very poor (≥15).

2.4. Clinical Outcomes

In-hospital mortality of the first cohort was recorded. Of those who survived the index
hospitalization and the first year of follow-up (i.e., patients included in the second and
third cohorts), (i) hospital readmission for ACS, (ii) readmission for any cardiovascular
cause, and (iii) all-cause mortality were evaluated as long-term clinical outcomes.
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2.5. Adherence to Recommendations

To evaluate the use of out-of-hospital healthcare services in the first year following
index hospital discharge, the following information was recorded: (i) prescribed drugs,
(ii) access to outpatient clinical controls, and (iii) cardiac rehabilitation programs. Adherence
to each of these healthcare categories was studied separately.

With respect to medications of interest, the prescription of renin–angiotensin system
blockade agents (angiotensin-converting enzyme inhibitors or angiotensin receptor block-
ers), beta-blockers, statins and dual antiplatelet treatment (DAPT) was recorded. Two drug
therapy outcomes were recorded: (i) starting drug treatment (i.e., at least one prescrip-
tion) and (ii) adherence to drug treatment. To assess the latter, the period covered by the
prescription was calculated according to the defined daily dose (DDD) metric. However,
since beta-blockers are likely prescribed at doses lower than those established for treating
hypertension following myocardial infarction [20], the corresponding dosage was carefully
chosen by a working group of experts (Supplementary Table S2). For overlapping prescrip-
tions, the individual was assumed to have completed the former one before starting the
second. Adherence to drug therapy was assessed as the cumulative number of days during
which the medication was available divided by the number of days of follow-up (365 days),
a quantity defined as the “proportion of days covered” (PDC) [21]. Cohort members were
considered adherent to each drug treatment if they had a PDC >75%, and to overall drug
recommendations if they were adherent to at least 3 out of 4 therapies.

As far as outpatient services are concerned, cardiology visits, echo-electrocardiograms,
and lipid profile tests were considered. Cohort members were classified as adherent to
services if at least one outpatient service was prescribed during the first year after the
ACS episode. Subjects were considered adherent to the overall recommendation if they
underwent at least 2 of the 3 services.

Finally, participation in an outpatient cardiac rehabilitation program was recorded
and patients were considered adherent if they used the program at least once.

2.6. Data Analysis

The chi-square test, or its version for the trend, was used to compare the demographic
and clinical characteristics of men and women of the first cohort. As the sample size affects
whether the results are significant, and about 100 thousand patients were included in our
study (Figure 1), the standardized mean differences were also computed to better interpret
the results [22]. A between-group mean standardized difference of <0.1 was considered
negligible.

Aiming to evaluate associations between sex and intra-hospital mortality, logistic
regression models were used to estimate the odds ratio (OR) and 95% confidence interval
(CI). Regression was controlled for baseline age, MCS and comorbidities at the index date.

Since men and women had different clinical profiles and clinical characteristics, propen-
sity score matching was used for the second and third cohorts. Propensity scores were
derived through a logistic regression model that included age, type of ACS and comor-
bidities at baseline as covariates. Men and women were 1:1 matched using the nearest
neighbour matching algorithm [23].

Of the matched and unmatched patients of the second cohort, the probability of
experiencing a specific outcome (ACS, cardiovascular event or death) from the day after
the index discharge until the end of follow-up was estimated using the cause-specific
cumulative incidence function [24], which takes into account the competing nature of the
considered outcomes (e.g., hospital readmission for ACS or other cardiovascular causes
likely affects the subsequent probability of death). With this approach, a subject belonging
to the second cohort was assumed to experience only one outcome (the one which comes
first), and overall incidence at a given time was calculated as the sum of the individual
cumulative incidence functions for each outcome.
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In order to highlight significant differences in the out-of-hospital healthcare of the
men and women in the third cohort, adherence to recommendations was compared using
the McNemar test and the standardized mean differences.

To assess whether out-of-hospital healthcare has a different effect on clinical outcomes
between men and women, a stratification approach was adopted [25]. Adjusted propor-
tional hazard regression models were fitted to the men and women of the third cohort
to estimate associations between adherence to clinical recommendations and the clini-
cal composite outcome (i.e., hospital readmission for any cardiovascular cause or death).
Heterogeneity between sex was tested by Cochran’s Q test [26].

All analyses were performed using Statistical Analysis System Software (version 9.4;
SAS Institute, Cary, NC, USA). For all hypotheses tested, two-tailed p-values less than 0.05
were considered significant.

3. Results

3.1. Patients

Of the approximately 100 thousand NHS beneficiaries from the Lombardy region aged
40–90 years who were hospitalized for ACS from 2011 to 2015, 90,779 met the inclusion
criteria for the first cohort, as shown in Figure 1.

There were 59,108 men (65%) and 31,671 women (35%), with mean ages of 67.6 and
75.1 years, respectively. STEMI was the most diagnosed type of ACS in both sexes (42% and
47% in women and men, respectively), followed by NSTEMI (36% and 33%, respectively)
and unstable angina (21% and 20%, respectively). Women had more comorbidities (e.g.,
hypertension, COPD and depression) and a worse overall clinical profile based on the MCS
(Table 1).

Table 1. Baseline characteristics of the 90,779 patients diagnosed with acute coronary syndrome in
the Lombardy Region, Italy, 2011–2015.

Whole
Population
(N = 90,779)

Women
(N = 31,671)

Men
(N = 59,108)

SD p-Value *

Age (years) 0.66 <0.001
40–60 21,443 (23.6%) 3924 (12.4%) 17,519 (29.6%)
61–70 20,798 (22.9%) 5368 (17.0%) 15,430 (26.1%)
71–80 26,573 (29.3%) 10,063 (31.8%) 16,510 (27.9%)
81–90 21,965 (24.2%) 12,316 (38.9%) 9649 (16.3%)

ACS diagnosis 0.12 <0.001
STEMI 41,450 (45.7%) 13,366 (42.2%) 28,084 (47.5%)

NSTEMI 30,812 (33.9%) 11,531 (36.4%) 19,281 (32.6%)
Unstable angina 18,517 (20.4%) 6774 (21.4%) 11,743 (19.9%)
Clinical profile † 0.31 <0.001

Good 22,808 (25.1%) 5503 (17.4%) 17,305 (29.3%)
Intermediate 28,062 (30.9%) 9666 (30.5%) 18,396 (31.1%)

Poor 29,323 (32.3%) 12,337 (39.0%) 16,986 (28.7%)
Very poor 10,586 (11.7%) 4105 (13.2%) 6421 (10.9%)

Comorbidities ‡

Hypertension 66,561 (73.3%) 25,997 (82.1%) 40,564 (68.6%) 0.32 <0.001
Dyslipidaemia 34,649 (38.2%) 12,227 (38.6%) 22,422 (37.9%) 0.01 0.047

Cerebrovascular disease 7148 (7.9%) 2987 (9.4%) 4161 (7.0%) 0.09 <0.001
Diabetes 21,373 (23.5%) 7856 (24.8%) 13,517 (22.9%) 0.05 <0.001

Chronic renal failure 1042 (1.2%) 334 (1.1%) 708 (1.2%) 0.01 0.054
COPD 28,421 (31.3%) 11,104 (35.1%) 17,317 (29.3%) 0.12 <0.001

Depression 17,305 (19.1%) 9215 (29.1%) 8090 (13.7%) 0.38 <0.001
ACS: acute coronary syndrome; NSTEMI: non-ST elevation myocardial infarction; SD: Standardized difference;
STEMI: ST elevation myocardial infarction ‡ Comorbidity and Multisource Comorbidity Score both measured
according to hospital admission and drug prescriptions experienced five years before the date of index admission.
† Multisource Comorbidity Score is a comorbidity index obtained from inpatient diagnostic information and
outpatient drug prescriptions, validated using Italian data. Four categories of clinical profiles were considered:
good (MCS: 0–4), intermediate (5–9), poor (10–14) or very poor (≥15). * According to the chi-square test or its
version for the trend.
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3.2. Clinical Outcomes

A total of 2492 (8%) women and 2843 (5%) men died during the index hospitalization.
Compared with men, the unadjusted odds of death were 1.69 (95% CI, 1.60 to 1.79) times
greater among women. In-hospital deaths were equivalent between sexes after adjusting
for baseline characteristics (OR: 1.02, 0.96 to 1.08) (Table 2).

Table 2. Odds ratio (OR) and 95% confidence intervals (CI) of the risk of intra-hospital mortality
associated with sex. The first cohort was considered (see text).

OR (95% CI)

Sex: Women vs. Men 1.02 (0.96–1.08)

Age (years)
40–60 1.00 [Reference]
61–70 1.67 (1.44–1.92)
71–80 2.89 (2.53–3.30)
81–90 6.30 (5.23–7.19)

ACS diagnosis
Unstable angina 1.00 [Reference]

NSTEMI 1.40 (1.28–1.53)
STEMI 2.16 (1.98–2.35)

Comorbidities ‡

Hypertension 2.06 (1.85–2.30)
Dyslipidaemia 0.73 (0.69–0.78)

Cerebrovascular disease 1.28 (1.17–1.39)
Diabetes 1.15 (1.08–1.23)

Chronic renal failure 1.01 (0.81–1.25)
COPD 0.91 (0.86–0.97)

Depression 1.28 (1.20–1.36)
Clinical profile †

Good 1.00 [Reference]
Intermediate 1.09 (0.97–1.21)

Poor 1.54 (1.38–1.72)
Very poor 2.57 (2.26–2.92)

ACS: acute coronary syndrome. ‡ Comorbidity and Multisource Comorbidity Score both measured according to
hospital admission and drug prescriptions experienced five years before the date of index admission. † Multisource
Comorbidity Score is a comorbidity index obtained from inpatient diagnostic information and outpatient drug
prescriptions, validated using Italian data. Four categories of clinical profiles were considered: good (MCS: 0–4),
intermediate (5–9), poor (10–14) or very poor (≥15).

The 85,429 cohort members who survived the index hospitalization accumulated
273,228 person-years (86,189 in women and 187,039 in men) and generated 22,125 clinical
outcomes (8780 in women and 13,345 in men). After matching, 20,079 couples were
identified. The characteristics of cohort members included in the second cohort before and
after matching are shown in Supplementary Table S3.

Before matching, women had more clinical outcomes than men (54% vs. 44%, p < 0.001),
especially in the first year after the hospital discharge (30% vs. 23%, p < 0.001) (Supple-
mentary Figure S1). However, after matching, men had a slightly higher risk of clinical
outcomes at one year (28% vs. 30%, p < 0.001) and five years of follow-up (50% vs. 53%,
p < 0.001). The cumulative incidence functions are shown in Figure 2.
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Figure 2. Cumulative incidences of health-related outcomes (ACS hospitalization, cardiovascular
hospitalization, and all-cause mortality) among Propensity Score 1:1 matched and non-matched
cohorts, according to sex.

3.3. Out-Of-Hospital Healthcare

Of the 63,442 patients who did not experience a clinical outcome in the first year after
hospital discharge (i.e., patients included in the third cohort), 20,450 were women and
42,992 were men. The matching procedure identified 14,354 couples. Characteristics of the
original and matched third cohort are shown in Supplementary Table S4.

In the original cohort, women were less treated than men in all out-of-hospital health-
care services according to the McNemar test (Table 3). Higher differences were observed
for some drug therapies (statins and DAPT), cardiology visits, and cardiac rehabilitation
(standardized difference ≥ 0.1).

Table 3. Exposure to healthcare management strategies in the first year after discharge from the index
hospital admission for acute coronary syndrome. The third cohort was considered (see text).

Original Cohort (N = 63,442) Matched Cohort (N = 28,708)

Women
(N = 20,450)

Men
(N = 42,992)

SD p-Value *
Women

(N = 14,354)
Men

(N = 14,354)
SD p-Value *

Drug therapies
Prescription

Renin–angiotensin
system blockers 15,285 (74.7%) 33,716 (78.4%) 0.09 <0.001 10,726 (74.7%) 11,346 (79.0%) 0.10 <0.001

Beta-blockers 16,372 (80.1%) 35,820 (83.3%) 0.08 <0.001 11,665 (81.3%) 11,696 (81.5%) 0.01 <0.001
Statins 15,988 (78.2%) 38,621 (89.8%) 0.32 <0.001 11,471 (79.9%) 12,578 (87.6%) 0.21 <0.001

Dual antiplatelet
treatment 12,290 (60.1%) 31,995 (74.4%) 0.31 <0.001 8772 (61.1%) 10,257 (71.5%) 0.22 <0.001

Three out of four 14,596 (71.4%) 35,810 (83.3%) 0.29 <0.001 10,442 (72.8%) 11,600 (80.8%) 0.19 <0.001
Adherence §

Renin–angiotensin
system blockers 8772 (57.4%) 20,251 (60.1%) 0.05 <0.001 6165 (57.5%) 6829 (60.2%) 0.06 <0.001

111



J. Clin. Med. 2023, 12, 2972

Table 3. Cont.

Original Cohort (N = 63,442) Matched Cohort (N = 28,708)

Women
(N = 20,450)

Men
(N = 42,992)

SD p-Value *
Women

(N = 14,354)
Men

(N = 14,354)
SD p-Value *

Beta-blockers 8988 (54.9%) 21,005 (58.6%) 0.08 <0.001 6500 (55.7%) 6620 (56.6%) 0.02 <0.001
Statins 10,428 (65.2%) 29,711 (76.9%) 0.26 <0.001 7651 (66.7%) 9290 (73.9%) 0.16 <0.001

Dual antiplatelet
treatment 6913 (56.3%) 20,527 (64.2%) 0.16 <0.001 5040 (57.5%) 6410 (62.5%) 0.10 <0.001

Three out of four 5966 (40.9%) 17,709 (49.5%) 0.17 <0.001 4396 (42.1%) 5507 (47.5%) 0.11 <0.001
Cardiac controls

Cardiologic visits 14,461 (70.7%) 32,350 (75.3%) 0.10 <0.001 10,330 (72.0%) 10,597 (73.8%) 0.04 <0.001
ECO-Electrocardiograms 16,256 (79.5%) 35,668 (83.0%) 0.09 <0.001 11,588 (80.7%) 11,775 (82.0%) 0.03 <0.001

Test for lipid profile 16,524 (80.8%) 34,982 (81.4%) 0.01 <0.001 11,690 (81.4%) 11,708 (81.6%) 0.00 <0.001
Two out of three 16,230 (79.4%) 35,689 (83.0%) 0.09 <0.001 11,581 (80.7%) 11,779 (82.1%) 0.04 <0.001

Cardiac rehabilitation 413 (2.0%) 2092 (4.9%) 0.16 <0.001 327 (2.3%) 565 (3.9%) 0.10 <0.001

SD: Standardized difference. § Patients adherent to specific drug therapies among those who were prescribed at
least one prescription of that treatment. * According to the McNemar test.

For example, 90% of men and 78% of women were prescribed statins, while the
corresponding figures for DAPT were 74% vs. 60%, respectively. Among those prescribed
drugs, men were more adherent to drug therapies (e.g., 77% vs. 65% among statin users).
Only 5% and 2% of men and women went to cardiac rehabilitation.

Albeit the sex differences in all out-of-hospital healthcare services were confirmed in
the matched cohort according to the McNemar test, some of these differences were reduced
(e.g., cardiac controls) (Table 3).

3.4. Sex, Out-Of-Hospital Healthcare and Clinical Outcomes

The effects of out-of-hospital healthcare services on composite clinical outcomes are
shown in Table 4.

Table 4. Hazard ratios (HR), and 95% confidence intervals (CI), of the risk of composite outcome
(cardiovascular hospitalization or death) associated with exposure to out-of-hospital healthcare,
stratified by sex. The third cohort was considered (see text).

Men Women p-Value *

Out-of-hospital healthcare †

Drug therapies 0.80 (0.75–0.85) 0.85 (0.79–0.92) 0.21
Cardiac controls 0.85 (0.79–0.91) 0.81 (0.76–0.87) 0.35

Cardiac rehabilitation 0.81 (0.67–0.97) 0.65 (0.48–0.87) 0.23
† Patients were considered exposed to dispensed drugs if they adhered to at least 3 out of 4 drug therapies;
patients were considered exposed to cardiac controls if they underwent at least 2 out of 3 services. * Test for
heterogeneity was considered.

Compared with non-adherent patients, those who adhered to drug therapies, out-
patient services and cardiac rehabilitation programs had a lower risk of cardiovascular
admission or death. There was no difference in the association between out-of-hospital
healthcare services and clinical outcomes between men and women (all p-value > 0.05).

4. Discussion

The present study provides real-world evidence of sex-related differences in the health-
related outcomes and out-of-hospital healthcare pathways of patients who were discharged
after an episode of ACS.

At the time of their first ACS episode, women were older and had a worse clinical pro-
file than men, findings confirmed by prior literature [27]. These characteristics may explain
their higher risk of in-hospital mortality. Indeed, after adjusting for age and other base-
line characteristics, there was no evidence that men and women had different in-hospital
mortality risks. These results are consistent with those reported by the Italian National
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Outcome Program [28], showing the absence of sex differences in short-term mortality
post-acute myocardial infarction. Among those who survived the first hospitalization,
several patients experienced a second episode of ACS or another related cardiovascular
event, mainly in the first year after discharge. This observation highlights the importance
of a timely and efficient therapeutic and surveillance program that may reduce the risk of
subsequent morbidity/mortality and promptly identify subsequent cardiovascular events.

The novel findings of the present study, however, rely on observed sex differences in
the out-of-hospital provision of healthcare services. Women were less commonly prescribed
recommended drug treatments than men, especially DAPT (74% of men vs. 60% of women).
Lower DAPT prescription rates among women were also observed in previous studies [29],
and Moriel et al. suggested that this could be explained by a greater prevalence of renal
failure in women with STEMI [30]. While several patients were prescribed other drug
therapies (about 80% for renin–angiotensin system blockers, statins and beta-blockers), only
approximately three out of five patients adhered to treatment. As supported by several
prior studies [29,30], women who were prescribed drug therapies were generally less
willing to adhere to them than men. Weaker differences were observed among outpatient
controls and diagnostic tests. To the best of our knowledge, no prior studies have compared
access to these services between sexes.

Finally, cardiac rehabilitation was utilized by nearly double the number of men com-
pared with women, although these programs were poorly attended by both sexes (less than
5% of the whole cohort). Since the use of outpatient cardiac rehabilitation programs has
consistently been shown to be associated with more favourable cardiovascular outcomes,
including mortality [31–33], there is still significant potential for cardiac rehabilitation to
improve the long-term prognosis of ACS patients.

The most remarkable differences between men and women in receiving medical care
are reported by studies in the United States, where services are paid for. Women usually
have lower incomes than men and this may, at least in part, explain the large differences
observed. However, in the Italian setting, this problem should not be so relevant, as women
and men have an equal right to healthcare services.

As international guidelines do not include different out-of-hospital service recom-
mendations between men and women [34], and there is no evidence that adherence to
out-of-hospital healthcare improves long-term prognosis differently in men and women,
emphasis should be placed on the greater use of healthcare resources by men compared
with women.

The present study has several strengths. First, it was based on a very large and
unselected population, made possible by the inclusion of nearly all citizens in Italy’s free
healthcare system. Second, healthcare utilization databases provide highly accurate data,
as all services claimed by the health providers for reimbursement by the Regional Health
Authority are checked, and incorrect reports may have legal consequences. Finally, patients
were identified based on their first hospitalization for ACS, allowing the complete sequence
of post-discharge healthcare services supplied by the NHS to be identified.

Some limitations should be considered when properly interpreting our findings. Expo-
sure misclassification may affect our findings in several ways. First, adherence to dispensed
drugs was evaluated according to the DDD metric. Although guidelines do not recom-
mend different drug therapy dosages for men and women, there may be differences in the
prescribed dosage. Second, bias associated with our inability to account for out-of-pocket
clinical evaluations, such as private cardiologist visits, should be noted [35,36]. However,
estimates would not be biased if the use of out-of-pocket clinical evaluations similarly
affected cohort members regardless of sex. Another limitation is that an intention-to-treat
approach was adopted when considering healthcare exposure during follow-up, which
was presumed to be consistent with the exposure level observed during the first year after
index discharge, which may not be the case. Finally, like other administrative databases, the
Lombardy database does not include clinical data (e.g., blood pressure), physical character-
istics (e.g., body mass index) and lifestyle information (e.g., smoking status). In addition,
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the cause of death and other in-hospital data were not recorded in our database. Thus, we
cannot examine the association between sex and intermediate clinical outcomes, and we
cannot rule out the possibility that these unmeasured factors may confound associations
between sex and clinical adherence. To minimize the potential for residual confounding, the
propensity score matching design was adopted. Of course, this does not entirely avoid the
problem of confounding, and thus further evidence is thus needed to confirm our findings.

5. Conclusions

Women were older and had a more compromised clinical profile at the time of their
first ACS admission than men, which explains their observed short-term higher risk of
death and cardiovascular events. Women were less treated and less adherent to clinical
recommendations than men, although advantages derived from improved adherence to
guideline-driven recommendations were expected for women just as much as for men.
Tight out-of-hospital healthcare surveillance of ACS patients must be considered the cor-
nerstone of optimizing the clinical outcomes of these patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12082972/s1, Table S1: Clinical diagnoses, drugs and outpatient
services codes used for the study purpose; Table S2: Weights used to adjust the drug coverage of
beta-blockers prescriptions; Table S3: Characteristics of cohort 2 members before and after matching;
Table S4: Characteristics of cohort 3 members before and after matching.

Author Contributions: Conceptualization, G.C.; methodology, R.R., F.R. and G.C.; software, R.R.;
validation, A.F. and A.P.M.; formal analysis, R.R.; investigation, R.R.; resources, R.R.; data curation,
R.R.; writing—original draft preparation, R.R.; writing—review and editing, F.R., A.F., A.P.M. and
G.C.; visualization, R.R.; supervision, G.C.; project administration, G.C.; funding acquisition, G.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry of the Education, University and Research
(’Fondo d’Ateneo per la Ricerca’ portion, year 2019) and from the Italian Ministry of Health (‘Ricerca
Finalizzata 2016′, NET-2016-02363853). The funding sources had no role in the design of the study,
the collection, analysis and interpretation of the data, or the decision to approve the publication of
the finished manuscript.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
Lombardy Region, but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are however available from the
Lombardy Region upon reasonable request.

Conflicts of Interest: Giovanni Corrao received research support from the European Community
(EC), the Italian Medicines Agency (AIFA), and the Italian Ministry of Education, University and
Research (MIUR). He took part in a variety of projects that were funded by pharmaceutical companies
(i.e., Novartis, GSK, Roche, AMGEN and BMS). He also received honoraria from Roche as a member
of its Advisory Board. Other authors declare that they have no conflict of interest to disclose.

References

1. Ferrario, M.M.; Fornari, C.; Bolognesi, L.; Gussoni, M.T.; Benedetti, M.; Sega, R.; Borchini, R.; Cesana, G. Recent time trends of
myocardial infarction rates in northern Italy. Results from the MONICA and CAMUNI registries in Brianza: 1993–1994 versus
1997–1998. Ital. Heart J. 2003, 4 (Suppl. 8), 651–657.

2. Barchielli, A.; Balzi, D.; Pasqua, A.; Buiatti, E. Incidence of acute myocardial infarction in Tuscany, 1997–2002: Data from the
Acute Myocardial Infarction Registry of Tuscany (Tosc-AMI). Epidemiol. Prev. 2006, 30, 161–168. [PubMed]

3. Amsterdam, E.A.; Wenger, N.K.; Brindis, R.G.; Casey, D.E.; Ganiats, T.G.; Holmes, D.R.; Jaffe, A.S.; Jneid, H.; Kelly, R.F.; Kontos,
M.C.; et al. AHA/ACC guideline for the management of patients with non-ST-elevation acute coronary syndromes: Executive
summary: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation 2014, 130, 2354–2394. [CrossRef] [PubMed]

114



J. Clin. Med. 2023, 12, 2972

4. Ibanez, B.; James, S.; Agewall, S.; Antunes, M.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.; Crea, F.; Goudevenos, J.; Halvorsen,
S.; et al. ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation: The
Task Force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of the European
Society of Cardiology (ESC). Eur. Heart J. 2017, 39, 119–177.

5. Piironen, M.; Ukkola, O.; Huikuri, H.; Havulinna, A.S.; Koukkunen, H.; Mustonen, J.; Ketonen, M.; Lehto, S.; Airaksinen, J.;
Kesaeniemi, Y.A.; et al. Trends in long-term prognosis after acute coronary syndrome. Eur. J. Prev. Cardiol. 2017, 24, 274–280.
[CrossRef]

6. Bansilal, S.; Castellano, J.M.; Garrido, E.; Wei, H.G.; Freeman, A.; Spettell, C.; Garcia-Alonso, F.; Lizano, I.; Arnold, R.J.; Rajda, J.;
et al. Assessing the impact of medication adherence on long-term cardiovascular outcomes. J. Am. Coll. Cardiol. 2016, 68, 789–801.
[CrossRef]

7. Choudhry, N.K.; Glynn, R.J.; Avorn, J.; Lee, J.L.; Brennan, T.A.; Reisman, L.; Toscano, M.; Levin, R.; Matlin, O.S.; Antman, E.M.;
et al. Untangling the relationship between medication adherence and post-myocardial infarction outcomes: Medication adherence
and clinical outcomes. Am. Heart J. 2014, 167, 51–58.e5. [CrossRef]

8. Worrall-Carter, L.; McEvedy, S.; Wilson, A.; Rahman, M.A. Gender Differences in Presentation, Coronary Intervention, and
Outcomes of 28,985 Acute Coronary Syndrome Patients in Victoria, Australia. Women’s Health Issues 2016, 26, 14–20. [CrossRef]

9. Lee, C.Y.; Liu, K.T.; Lu, H.T.; Ali, R.M.; Fong, A.Y.Y.; Ahmad, W.A.W. Sex and gender differences in presentation, treatment
and outcomes in acute coronary syndrome, a 10 year study from a multi-ethnic Asian population: The Malaysian National
Cardiovascular Disease Database-Acute Coronary Syndrome (NCVD-ACS) registry. PLoS ONE 2021, 16, e0246474. [CrossRef]

10. Haaf, M.E.T.; Bax, M.; Berg, J.M.T.; Brouwer, J.; Hof, A.W.V.; van der Schaaf, R.J.; Stella, P.R.; Gin, R.M.T.J.; Tonino, P.A.; de Vries,
A.G.; et al. Sex differences in characteristics and outcome in acute coronary syndrome patients in the Netherlands. Neth. Heart J.
2019, 27, 263–271. [CrossRef]

11. Hao, Y.; Liu, J.; Liu, J.; Yang, N.; Smith, S.C.S., Jr.; Huo, Y.; Fonarow, G.C.; Ge, J.; Taubert, K.A.; Morgan, L.; et al. Sex Differences in
In-Hospital Management and Outcomes of Patients With Acute Coronary Syndrome. Circulation 2019, 139, 1776–1785. [CrossRef]
[PubMed]

12. Malacrida, R.; Genoni, M.; Maggioni, A.P.; Spataro, V.; Parish, S.; Palmer, A.; Collins, R.; Moccetti, T. A comparison of the early
outcome of acute myocardial infarction in women and men. The Third International Study of Infarct Survival Collaborative
Group. N. Engl. J. Med. 1998, 388, 8–14. [CrossRef] [PubMed]

13. Lin, C.F.; Shen, L.J.; Hsiao, F.Y.; Gau, C.S.; Wu, F.L.L. Sex differences in the treatment and outcome of patients with acute coronary
syndrome after percutaneous coronary intervention: A population-based study. J. Women’s Health 2014, 23, 238–245. [CrossRef]
[PubMed]

14. Alabas, O.A.; Gale, C.P.; Hall, M.; Rutherford, M.J.; Szummer, K.; Lawesson, S.S.; Alfredsson, J.; Lindahl, B.; Jernberg, T. 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. [CrossRef]

15. Hyun, K.; Negrone, A.; Redfern, J.; Atkins, E.; Chow, C.; Kilian, J.; Rajaratnam, R.; Brieger, D. Gender Difference in Secondary
Prevention of Cardiovascular Disease and Outcomes Following the Survival of Acute Coronary Syndrome. Heart Lung Circ. 2021,
30, 121–127. [CrossRef]

16. Trifirò, G.; Gini, R.; Barone-Adesi, F.; Beghi, E.; Cantarutti, A.; Capuano, A.; Carnovale, C.; Clavenna, A.; Dellagiovanna,
M.; Ferrajolo, C.; et al. The Role of European Healthcare Databases for Post-Marketing Drug Effectiveness, Safety and Value
Evaluation: Where Does Italy Stand? Drug Saf. 2019, 42, 347–363. [CrossRef]

17. Rea, F.; Ronco, R.; Pedretti, R.F.; Merlino, L.; Corrao, G. Better adherence with out-of-hospital healthcare improved long-term
prognosis of acute coronary syndromes: Evidence from an Italian real-world investigation. Int. J. Cardiol. 2020, 318, 14–20.
[CrossRef]

18. Rea, F.; Cantarutti, A.; Merlino, L.; Ungar, A.; Corrao, G.; Mancia, G. Antihypertensive Treatment in Elderly Frail Patients:
Evidence From a Large Italian Database. Hypertension 2020, 76, 442–449. [CrossRef]

19. Corrao, G.; Rea, F.; Di Martino, M.; De Palma, R.; Scondotto, S.; Fusco, D.; Lallo, A.; Belotti, L.M.B.; Ferrante, M.; Addario, S.P.;
et al. Developing and validating a novel multisource comorbidity score from administrative data: A large population-based
cohort study from Italy. BMJ Open. 2017, 7, e019503. [CrossRef]

20. Goldberger, J.J.; Bonow, R.O.; Cuffe, M.; Dyer, A.; Rosenberg, Y.; O’Rourke, R.; Shah, P.K.; Smith, S.C.S., Jr.; PACE-MI Investigators.
beta-blocker use following myocardial infarction: Low prevalence of evidence-based dosing. Am. Heart J. 2010, 160, 435–442.
[CrossRef]

21. Andrade, S.E.; Kahler, K.H.; Frech, F.; Chan, K.A. Methods for evaluation of medication adherence and persistence using
automated databases. Pharmacoepidemiol. Drug Saf. 2006, 15, 565–574. [CrossRef] [PubMed]

22. Austin, P. Balance diagnostics for comparing the distribution of baseline covariates between treatment groups in propensity-score
matched samples. Stat Med. 2009, 28, 3083–3107. [CrossRef] [PubMed]

23. Austin, P. A comparison of 12 algorithms for matching on the propensity score. Stat. Med. 2014, 33, 1057–1069. [CrossRef]
24. Fine, J.; Gray, R.J. A Proportional hazards model for the subdistribution of a competing risk. J. Am. Stat. Ass. 1999, 94, 496–509.

[CrossRef]
25. Buckley, J.P.; Doherty, B.T.; Keil, A.P.; Engel, S.M. Statistical Approaches for Estimating Sex-Specific Effects in Endocrine Disruptors

Research. Environ. Health Perspect. 2017, 125, 067013. [CrossRef]

115



J. Clin. Med. 2023, 12, 2972

26. Higgins, J.; Thompson, S.; Deeks, J.; Altman, D. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560. [CrossRef]
27. Kawamoto, K.; Davis, M.; Duvernoy, C. Acute Coronary Syndromes: Differences in Men and Women. Curr. Atheroscler. Rep. 2016,

18, 73. [CrossRef]
28. Programma Nazionale Esiti, Report 2021; Ministero della Salute, 2021. Available online: https://pne.agenas.it/main/doc/Report_

PNE_2021.pdf (accessed on 17 April 2023).
29. Mallidi, J.; Lata, K. Role of Gender in Dual Antiplatelet Therapy After Acute Coronary Syndrome. Curr. Atheroscler. Rep. 2019,

21, 34. [CrossRef]
30. Moriel, M.; Tzivoni, D.; Behar, S.; Zahger, D.; Hod, H.; Hasdai, D.; Sandach, A.; Gottlieb, S. Contemporary treatment and

adherence to guidelines in women and men with acute coronary syndromes. Int. J. Cardiol. 2008, 131, 97–104. [CrossRef]
31. Ji, H.; Fang, L.; Yuan, L.; Zhang, Q. Effects of Exercise-Based Cardiac Rehabilitation in Patients with Acute Coronary Syndrome:

A Meta-Analysis. Med. Sci. Monit. 2019, 25, 5015–5027. [CrossRef]
32. Sunamura, M.; ter Hoeve, N.; Berg-Emons, R.J.G.V.D.; Boersma, E.; van Domburg, R.T.; Geleijnse, M.L. Cardiac rehabilitation in

patients with acute coronary syndrome with primary percutaneous coronary intervention is associated with improved 10-year
survival. Eur. Heart J. Qual. Care Clin. Outcomes 2018, 4, 168–172. [CrossRef] [PubMed]

33. Rodrigues, P.; Santos, M.; Sousa, M.J.; Brochado, B.; Anjo, D.; Barreira, A.; Preza-Fernandes, J.; Palma, P.; Viamonte, S.; Torres,
S. Cardiac Rehabilitation after an Acute Coronary Syndrome: The Impact in Elderly Patients. Cardiology 2015, 131, 177–185.
[CrossRef] [PubMed]

34. Collet, J.-P.; Thiele, H.; Barbato, E.; Barthélémy, O.; Bauersachs, J.; Bhatt, D.; Dendale, P.; Dorobantu, M.; Edvardsen, T.; Folliguet,
T.; et al. 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent
ST-segment elevation: The Task Force for the management of acute coronary syndromes in patients presenting without persistent
ST-segment elevation. Eur. Heart J. 2021, 42, 1289–1367. [CrossRef] [PubMed]

35. Gamble, M.; McAllister, F.A.; Johnson, J.A.; Eurich, D.T. Quantifying the impact of drug exposure misclassification due to
restrictive drug coverage in administrative databases: A simulation cohort study. Value Health 2012, 15, 191–197. [CrossRef]
[PubMed]

36. Pauly, N.J.; Talbert, J.C.; Brown, J. Low-cost generic program use by Medicare beneficiaries: Implications for medication exposure
misclassification in administrative claims data. J. Manag. Care. Spec. Pharm. 2016, 22, 741–751. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

116



Citation: Moscucci, F.; Sciomer, S.;

Maffei, S.; Meloni, A.; Lospinuso, I.;

Carnovale, M.; Corrao, A.;

Di Diego, I.; Caltabiano, C.;

Mezzadri, M.; et al. Sex Differences in

Repolarization Markers:

Telemonitoring for Chronic Heart

Failure Patients. J. Clin. Med. 2023, 12,

4714. https://doi.org/10.3390/

jcm12144714

Academic Editor: Andrea Fabbri

Received: 15 June 2023

Revised: 10 July 2023

Accepted: 14 July 2023

Published: 16 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Sex Differences in Repolarization Markers: Telemonitoring for
Chronic Heart Failure Patients

Federica Moscucci 1,*, Susanna Sciomer 2, Silvia Maffei 3, Antonella Meloni 4, Ilaria Lospinuso 2,

Myriam Carnovale 2, Andrea Corrao 2, Ilaria Di Diego 2, Cristina Caltabiano 2, Martina Mezzadri 2,

Anna Vittoria Mattioli 5, Sabina Gallina 6, Pietro Rossi 7, Damiano Magrì 8 and Gianfranco Piccirillo 2

1 Department of Internal Medicine and Medical Specialties, Policlinico Umberto I, Viale del Policlinico n. 155,
00161 Rome, Italy

2 Dipartimento di Scienze Cliniche, Internistiche, Anestesiologiche, Cardiovascolari, “Sapienza” University of
Rome, 00185 Rome, Italy; susanna.sciomer@uniroma1.it (S.S.); lospinuso.i@gmail.com (I.L.);
myriam.carnovale@uniroma1.it (M.C.); andrea.corrao@uniroma1.it (A.C.); ilaria.didiego@uniroma1.it (I.D.D.);
cristina.caltabiano@uniroma1.it (C.C.); martina.mezzadri@uniroma1.it (M.M.);
gianfranco.piccirillo@uniroma1.it (G.P.)

3 Endocrinologia Cardiovascolare Ginecologica ed Osteoporosi, Fondazione G. Monasterio CNR-Regione
Toscana, 56124 Pisa, Italy; silvia.maffei@ftgm.it

4 Department of Radiology, Fondazione G. Monasterio CNR-Regione Toscana, 56124 Pisa, Italy;
antonella.meloni@ftgm.it

5 Surgical, Medical and Dental Department of Morphological Sciences Related to Transplant, Oncology and
Regenerative Medicine, University of Modena and Reggio Emilia, 42121 Modena, Italy;
annavittoria.mattioli@unimore.it

6 Department of Neuroscience, Imaging and Clinical Sciences, Institute of Advanced Biomedical Technologies,
“G. D’Annunzio” University, 66100 Chieti, Italy; s.gallina@unich.it

7 Arrhythmology Unit, Fatebenefratelli Hospital Isola Tiberina—Gemelli Isola, 00186 Rome, Italy;
rossi.ptr@gmail.com

8 Dipartimento di Medicina Clinica e Molecolare, S. Andrea Hospital, “Sapienza” University of Rome,
00185 Rome, Italy; damiano.magri@uniroma1.it

* Correspondence: federica.moscucci@uniroma1.it

Abstract: Aging and chronic heart failure (CHF) are responsible for the temporal inhomogeneity of the
electrocardiogram (ECG) repolarization phase. Recently, some short period repolarization–dispersion
parameters have been proposed as markers of acute decompensation and of mortality risk in CHF
patients. Some important differences in repolarization between sexes are known, but their impact on
ECG markers remains unstudied. The aim of this study was to evaluate possible differences between
men and women in ECG repolarization markers for the telemonitoring of CHF patients. Method:
5 min ECG recordings were collected to assess the mean and standard deviation (SD) of the following
variables: QT end (QTe), QT peak (QTp), and T peak to T end (Te) in 215 decompensated CHF (age
range: from 49 to 103 years). Thirty-day mortality and high levels of NT-pro BNP (<75 percentile)
were considered markers of decompensated CHF. Results: A total of 34 patients (16%) died during
the 30-day follow-up, without differences between sexes. Women showed a more preserved ejection
fraction and higher LDL and total cholesterol levels. Among female patients, implantable cardioverter
devices, statins, and antiplatelet agents were less used. Data for Te mean showed increased values
among deceased men and women compared to survival, but TeSD was shown to be the most reliable
marker for CHF reacutization in both sexes. Conclusion: TeSD could be considered a risk factor for
CHF worsening and complications for female and male patients, but different cut offs should be
taken into account. (ClinicalTrials.gov number, NCT04127162.)
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1. Introduction

Acutely decompensated chronic heart failure (CHF) is among the most frequent causes
of hospitalization in Western countries [1], presenting a high mortality rate and a serious
burden for patients’ quality of life and for cost charges in the health systems. Mortality for
CHF depends on sex, age, reacutization frequency, comorbidities, and severity of the CHF
itself. According to recent evidence, proper early risk stratification and management could
help reduce the burden of this chronic disorder [2]; thus, telemonitoring is promising and
undelayable, using accurate prognostic markers for optimal risk stratification and early
intervention for high-risk patients.

Aside from blood tests and echocardiography, electrocardiogram (ECG) is one of the
essential tools in the investigation, management, and follow-up of heart failure among both
in-patients and out-patients [3–6]. In particular, ECG is readily available, inexpensive, and
could be a useful indicator of re-exacerbation in CHF patients [7]. However, gender-specific
data of the prognostic value of ECG measurements are lacking.

As evidenced by many recent studies [8–14], heart failure in women shows extremely
peculiar characteristics. In fact, a later age at the diagnosis [8] affects more women than
men; less women receive implantable devices and resynchronization therapy [8,9]. These
characteristics are strictly related to the protective role of estrogens during the fertility
age; these hormones have been demonstrated to enhance the endothelial nitric oxide syn-
thase (eNOS) role in the endothelium layer, ameliorating the flux-mediated vasodilatation,
and preventing atherosclerotic and ischemic damage [10–12]. The physiopathology of
the ischemic damage is strictly related to the endothelial dysfunction and micro-vessel
damage [15–17], which, in women, lead to a CHF with a more preserved ejection fraction
than in men [8]. For this reason, symptoms, clinical course, therapeutic response, and
prognosis [13,18–20] (Table 1) are peculiar, and the repolarization ECG patterns [21,22] and
specific markers of clinical curse and prognosis should also be evaluated [13,14,16,17].

Table 1. Peculiarities of chronic heart failure among women.

Specific Characteristics of Chronic Heart Failure in Women

Pathophysiology

- Endotelial dysfunction, microvessel damage
(diabetes, arterial hypertension, estrogens
depletion after menopause, etc.)

Symptoms

- More severe weakness, reduced exercise
tolerance, diaphoresis, more pronounced
dyspnea, precordial palpitations

Diagnostic delay determing a
later-in-life diagnosis

- High degree of polypathology, polypharmacy,
and iatrogenic damage

- Reduced access to the heart transplant
- Exclusion from clinical trials

Difficult prognostic evaluation

- Scores/risk charts formulated on male models,
and therefore not designed and studied
for women

- No score currently takes into account
sex-specific risk factors.

High “revolving door” risk
- High costs for the health systems
- Reduced patients’ quality of life

Specific diagnostic and therapeutic interventions, together with an education program
to enhance clinicians’ and women’s awareness, are desirable [23].

All in all, these patients, especially the oldest ones, frequently show an increased inci-
dence of arrhythmias and electrical conduction disturbances (atrial fibrillation, premature
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beats, bundle branch block, etc.), so they are often excluded from trials [8], despite being
the group with the more impaired quality of life and more severe lack of independence in
everyday life activities.

Therefore, we studied the repolarization variables (thus, sinus rhythm was not neces-
sary) in order to better understand sex differences in heart failure repolarization markers
and to better estimate arrhythmic risk, and those variables were specifically customed for
telemonitoring devices.

2. Methods and Materials

2.1. Participants and Protocol

A total of 215 consecutive symptomatic outpatients with acutely decompensated
chronic heart failure (adCHF) were enrolled at admission to the Geriatric, Internal Medicine
and Cardiovascular divisions of Policlinico Umberto I in Rome from January 2019 to
October 2022, with an enrollment interruption of 14 months from March 2020 due to the
SARS-CoV2 pandemic. Decompensated CHF were defined as patients with at least one
symptom or sign compatible with a reacutization and a previous documented history of
CHF, following European Society of Cardiology guidelines (2016 and 2021) [24,25]. At the
time of hospitalization, all patients underwent full clinical history, physical examination,
standard electrocardiogram (ECG) evaluation and transthoracic echocardiography, 5 min
of II lead ECG (Miocardio EventTM, Rome, Italy) recording, and a blood sample for routine
plasma tests (serum electrolytes, creatinine, urea, ultra-sensible troponin T, C-reaction
protein -CRP-, and NT-pro Brain Natriuretic Peptide -NT-pro-BNP, etc.). Among the
twenty-four hours before the planned hospital discharge, the patients repeated the 5 min
ECG recording and the NT-pro BNP plasma level dosage. To assess the creatinine clearance,
the Cockcroft–Gault formula was used.

2.2. Off-Line Data Analysis

A custom-designed card (National Instruments USB-6008; National Instruments,
Austin, TX) was used to acquire and digitalize the ECG signals; the sampling frequency
was 500 Hz. A single physician (G.P.) rechecked the ECG recordings in a single-blind
manner. The same software was used to calculate the study ECG intervals, as described in
detail in previous papers—LabView program (National Instruments, Austin, TX, USA). In
particular, the following intervals from the respective time series in ECG recordings were
analyzed: R-R mean (RR), Q-R mean (QR), Q-R-S mean (QRS), Q-T mean (QT), S-T mean
(ST), and T peak to T end mean (Te) intervals (Figure 1).

To identify the repolarization intervals, we used a software originally proposed by
Berger [26] and validated in other subsequent studies [4–7]. Moreover, we have analyzed
the standard deviation (QTeSD, QTpSD, TeSD) values for each of these repolarization phase
intervals. Software for data analysis was designed and produced by our research group
with the LabView program (National Instruments, Austin, TX, USA).

2.3. Statistical Analysis

All variables with normal distribution were expressed as means ± standard deviation,
whereas non-normally distributed variables were expressed as median and inter-quartile
range (i.r.) and categorical variables as frequencies and percentages (%). Subjects were
grouped in 30-day deceased/survivors and positive to Januzzi NT-proBNP cut off/negative.
Moreover, mortality, adCHF were analysed in male and female patients separately. One-
way ANOVA and Bonferroni tests were used to compare data for the normally distributed
variables; Kruskal–Wallis tests were used to compare non-normally distributed variables
(as evaluated by the Kolmogorov–Smirnov test); and categorical variables were analyzed
with the χ2 test. Uni- and multivariable forward (A. Wald) stepwise logistic regression
analysis were used to determine the association between mortality or worsening of CHF
and other selected clinical and repolarization variables included in the study. In particular,
it was considered dependent on variable 30-day mortality and, as covariates, on the
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following parameters: QTend (QTe) mean, QTpeak (QTp) mean, Tend standard deviation
(Te)SD mean, QTend standard deviation (QTeSD), QTpeak standard deviation (QTpSD), Tend
standard deviation (TeSD). The same method was applied to NT-pro BNP Januzzi cut off
with the same ECG variables as covariates. Stepwise multiple regression analysis was
used to determine possible relationships between the studied variables. Receiver operating
characteristic (ROC) curves were used to determine the sensitivity and specificity of the
studied parameters predicting mortality and adCHF as well as areas under curves (AUCs),
and 95% confidence intervals (CI) were calculated to compare the diagnostic accuracy in all
patients but separately with males and females. All data were evaluated by use of database
SPSS-PC+ (SPSS-PC+ Inc., Chicago, IL, USA).

Figure 1. Intervals observed and analyzed during the 5 min ECG recordings.

3. Results

Considering the initial 239 eligible patients with symptoms of decompensated CHF,
24 patients were excluded because of poor-quality ECGs. Consequently, 215 CHF patients
(M/F: 107/108) were finally studied (Table 2).

A total of thirty-four patients died (overall mortality rate, 16%, M/F:17/17),
fifteen (7%, M/F: 6/9) died of bronchopneumonia and respiratory failure, fourteen of
terminal heart failure (7%, M/F: 9/14), two of fatal myocardial infarction (1%, M/F: 1/1),
and three of sudden cardiac death (1%, M/F: 1/2) (of the latter, two of sustained ventricular
tachycardia and ventricular fibrillation, and one of acute “cor pulmonale” secondary to a
massive embolism). Difference were found regarding causes of death among the two sexes
(Table 2).

The general characteristics of the males and females were quite similar (Table 2) except
for some data. In particular, women reported significantly higher levels of blood pressures
(p < 0.05), HDL-cholesterol (p < 0.05), and LDL-cholesterol than the male group (Table 2). On
the contrary, male patients showed a significant increase in the left ventricular mass index
(p < 0.001), end-diastolic diameter (p < 0.001), and creatinine clearance (p < 0.05). Women
had a more preserved ejection fraction (p < 0.05), while men showed a more frequent history
of myocardial ischemia (p < 0.001), more premature ventricular complexes (p < 0.05), and
left (p < 0.05) or right (p < 0.05) bundle branch blocks. Moreover, men have been implanted
with a pacemaker or ICD (p < 0.05) more frequently than women (Table 2). Finally, women
used statins (p < 0.005) and antiplatelet drugs (p < 0.05) significantly less often (Table 2).
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Table 2. General Characteristics of the Study Subjects.

All Subjects Male Subjects Female Subjects p
N:215 N:107 N:108

Age, years 84 ± 8 81 ± 10 85 ± 9 0.003
BMI, kg/m2 24.3 ± 3.0 26.3 ± 5.0 25.3 ± 4.7 0.131

Heart Rate, beats/m 76 ± 15 73 ± 14 76 ± 12 0.214
Systolic Blood Pressure, mm Hg 127 ± 18 122 ± 19 129 ± 19 0.010
Diastolic Blood Pressure, mm Hg 70 ± 11 68 ± 10 72 ± 11 0.005

Left Ventricular Ejection Fraction, % 44 ± 9 40 ± 11 44 ± 10 0.009
Left Ventricular Mass Index, g/m2 143 ± 29 145 ± 36 127 ± 31 <0.001

Left Ventricular End-Diastolic Diameter, mm 53 ± 6 56 ± 7 50 ± 7 <0.001
Posterior Wall Thickness, mm 12 ± 1 11 ± 2 11 ± 1 0.994

Interventricular Septum Thickness, mm 12 ± 2 12 ± 1 12 ± 1 0.629
Left Atrial Transversal Diameter, mm 47 ± 7 48 ± 6 46 ± 7 0.103

Tricuspid Annular Plane Systolic Excursion, mm 21 ± 5 20 ± 4 20 ± 4 0.956
Tricuspid Regurgitation Peak Gradient, mmHg 44 ± 15 44 ± 15 44 ± 12 0.836

Heart Failure with Reduced Ejection Fraction, n(%) 98(46) 58(54) 40(37) 0.011
Heart Failure with Mildy Reduced Ejection Fraction, n(%) 32(15) 13(12) 19(18) 0.262

Heart Failure with Preserved Ejection Fraction, n(%) 85(40) 36(34) 49(45) 0.079
NT-pro BNP, pg/mL 2895[7350] 2951[8235] 2865[6489] 0.886

C-reactive
protein (mg/dl) 3.7[8.7] 3.4[8.4] 4.4[9.0] 0.127

High sensitivity cardiac troponin/(pg/L) 42[59] 43[60] 41[59] 0.365
Creatinine clearance (mL/m) 44 ± 25 53 ± 29 44 ± 31 0.039

Fasting glucose (mmol/L) 6.46 ± 1.93 6.48 ± 2.25 7.12 ± 2.46 0.057
HbA1c (%) 6.01 ± 1.20 5.87 ± 1.20 6.40 ± 1.49 0.010

Total Cholesterol (mmol/L) 3.70 ± 1.00 3.55 ± 1.01 3.85 ± 1.05 0.119
HDL-cholesterol (mmol/L) 1.13 ± 0.42 1.02 ± 0.33 1.15 ± 0.40 0.048
LDL –cholesterol (mmol/L) 1.99 ± 0.81 1.85 ± 0.81 2.16 ± 0.84 0.041

Triglycerides (mmol/L) 1.67 ± 1.49 1.80 ± 1.34 1.56 ± 0.91 0.254
Hypertension, n (%) 166(77) 80(75) 86(80) 0.395

Hypercholesterolemia, n (%) 98(46) 55(51) 43(40) 0.088
Diabetes, n (%) 90(42) 44(41) 46(43) 0.827

Renal Insufficiency, n (%) 105(49) 57(53) 48(44) 0.195
Known Myocardial Ischemia History, n (%) 75(35) 51(48) 24(22) <0.001

Premature Supraventricular Complexes, n (%) 20(9) 14(13) 6(6) 0.057
Premature Ventricular Complexes, n (%) 48(22) 30(28) 18(17) 0.045

Permanent Atrial fibrillation, n (%) 76(35) 37(35) 39(36) 0.814
Left Bundle Branch Block, n (%) 44(21) 28(26) 16(15) 0.039

Right Bundle Branch Block, n (%) 33(15) 24(22) 9(8) 0.004
Pacemaker-ICD, n (%) 48(22) 32(30) 16(15) 0.008

Deceased Subjects, n (%) 34(16) 17(16) 17(16) 0.976
β-blockers, n (%) 144(67) 73(68) 71(66) 0.699

Furosemide, n (%) 166(77) 84(79) 82(76) 0.652
ACE/Sartans 87(41) 44(41) 43(40) 0.845

Aldosterone antagonists, n (%) 31(14) 14(13) 17(16) 0.579
Potassium, n (%) 15(7) 5(5) 10(9) 0.187

Nitrates, n (%) 28(13) 14(13) 14(13) 0.979
Digoxin, n (%) 10(4) 6(6) 4(4) 0.507
Statins, n (%) 64(30) 42(39) 22(20) 0.002

Antiplatelet drugs, n (%) 83(39) 51(48) 32(30) 0.007
Oral Anticoagulants, n (%) 61(28) 27(25) 34(32) 0.310

Diltiazem or Verapamil, n (%) 7(3) 2(2) 5(5) 0.254
Dihydropyridine Calcium channel blockers, n (%) 28(13) 13(12) 15(14) 0.705

Propafenone, n (%) 2(0.9) 0(0) 2(1.9) 0.157
Amiodarone, n (%) 19(9) 11(10) 8(7) 0.458

Valsartan/Sacubitril, n (%) 4(1.9) 2(2) 2(2) 0.993

Data are expressed as mean ± SD, or median [interquartile range], or number of patients (%)

Regarding the ECG variables, male subjects reported a significant increase in QR
(49 ± 21 versus 44 ± 16 ms, p < 0.05), QRS (112 ± 35 versus 99 ± 32 ms, p < 0.05), QT
(479 ± 91 versus 444 ± 75 ms, p < 0.05), and ST (366 ± 81 versus 345 ± 61 ms, p < 0.001) in-
tervals than female patients. The other examined ECG parameters did not show significant
sex differences. Considering all study subjects without sex division, the deceased patients
reported a significant increase in Te (121 ± 77 versus 102 ± 26 ms, p < 0.001) and TeSD (9i.r6
versus 7i.r.5 ms, p < 0.05) in comparison to survival subjects (Figure 2A,C).
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Figure 2. Te mean and Tend SD for survived patients and deceased ones (A,C) and for subjects with
increased and normal levels of NT-proBNP (B,D).

Regarding the Te and TeSD, males reported a similar trend (Te: 126 ± 23 versus
102 ± 28 ms, p < 0.05; TeSD: 9i.r.6 versus 7i.r.5 ms, p < 0.05) (Figure 2A,C). On the con-
trary, deceased women confirmed only the significant increase in Te (117 ± 29 versus
103 ± 26 ms, p < 0.05) (Figure 2A), but TeSD (9 i.r. 6 versus 7 i.r 5 ms, p: 0.062) did not
reach the statistical significance (Figure 2C). Finally, we observed a significant increase
in Te and TeSD in men (Te: 111 ± 30 versus 95 ± 23 ms, p < 0.05; TeSD: 9 interquartile
ratio—i.r.—5 versus 5 i.r.2 ms, p < 0.001) with higher levels of NT-proBNP (Figure 2B,D).
On the contrary, the female patients with higher NT-proBNP levels only showed an in-
creased TeSD (Te: 108 ± 28 versus 100 ± 23 ms, p: 0.114; TeSD: 9i.r5 versus 5 i.q.2 ms,
p < 0.001). Male CHF patients with higher NT-proBNP (Jannuzzi cut-off) showed a sig-
nificant increase in QRSD (6i.r.7 versus 3i.r.5 ms, p < 0.05), QRSSD (8i.r.7 versus 5i.r.5 ms,
p < 0.05), QT (497 ± 98 versus 448 ± 69, p < 0.05), QTSD (11i.r.5 versus 7i.r.6 ms, p < 0.05),
ST (381 ± 91 ms, p < 0.05), and STSD (9i.r. versus 7i.r. ms, p < 0.05). On the other hand, the
female CHF patients confirmed a significant increase only for QTSD (10i.r.4 versus 7i.r.6,
p < 0.05) and STSD (9i.r.4 versus 7i.r.5 ms, p < 0.05).

All studied variables obtained from the last part of the repolarization reported a
significant specificity-sensitivity curve for mortality (Figure 3A,C,E) and for high levels of
NT-proBNP (Figure 3B,D,F).

The NT-proBNP levels were significantly related to TeSD (Figure 4A–C) in both men
and women.

122



J. Clin. Med. 2023, 12, 4714

Figure 3. Receiving operating curves for Te mean and Te standard deviation for mortality based on NT-
proBNP levels. (A) Mortality among all patients for Te mean and Te Standard Deviation (SD) markers.
(B) Heart failure decompensation related to NT-proBNP levels among all patients for Te mean and Te
SD markers. (C) Mortality among male patients related to to Te mean and TeSD. (D) Heart failure
decompensation among male patients related to Te mean and TeSD markers. (E) Mortality among
female patient related to Te mean and Te SD markers. (F) Heart failure decompensation among
female patients related to Te mean and TeSD markers.
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Figure 4. NT-proBNP and TeSD correlations in all patients (A), among men (B), and among women (C).

4. Discussion

The main results of our study demonstrated that male and female patients with CHF
have different conditions and parameters to be considered in clinical practice [8,12,13]. As
already highlighted in previous studies [8,19], women suffering from heart failure have
a substantially more preserved ejection fraction than men (Table 2); this aspect is easily
explained considering the CHF physiopathology, characterized by the greater prevalence
of hypertensive heart disease, diabetic disorders, and microvessel impairment, rather
than the well-known ischemic heart disease affecting the large epicardial coronary vessels
among men. For these reasons, some authors have recently felt the need to reevaluate the
guidelines and reinterpret the data from the clinical trials in the light of the known clinical
and therapeutic differences that HFpEF shows [27]. This demonstrates how the scientific
community has understood the importance of evaluating the various clinical phenotypes of
heart failure in a more precise and selective manner in order to give increasingly appropriate
and equitable responses to the clinical, therapeutic, and quality of life needs of patients,
men, and women.

Moreover, from the data collected in our study, women presented higher values of
total cholesterol, LDL, and blood pressure. Women frequently reach a late diagnosis [8]
with a more severe clinical decompensation [19,28]. In addition, undertreatment largely
depends on the erroneous belief that women, even with high cholesterol levels or hyper-
tensive disorders, are protected during their fertile life by estrogens, which, as known,
have a protective activity on endothelium and cardiomyocytes. However, the concept
of “lipid-load” is increasingly affirming, deserving the clinical community’s attention for
a more appropriate use of anti-lipid agents even among young patients [29]. The same
underestimation and undertreatment attitude often occur for hypertensive disorders [30].
Conversely, men had a higher left ventricular myocardial index, a sign of more severe
hypertensive heart disease, and a better creatinine clearance. Women were significantly
older, which was coherent with the epidemiological data in the literature [8].

In order to ensure correct monitoring, even remotely, of patients suffering from heart
failure, numerous studies have been produced for the creation of devices and models for
risk stratification of exacerbations and acute heart failure [31–34]. The effort to prevent
reacutization must be undertaken using some routinely collected clinical data, such as
those derived from ECG repolarization intervals and clinical biomarkers (NT-proBNP).

The Tend mean and the T end standard deviation have been shown to be effective in
predicting the mortality of patients hospitalized for acute heart failure in various associated
pathological conditions [3–5,7,35]. Moreover, they seem to be useful for intercepting those
patients who deserve higher attention for progressive hemodynamic lability [3–5,7,34]. In
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our study, an accurate evaluation was carried out for disaggregated data by sex, which was
guaranteed to highlight how the Tend SD, and not the Tend mean, is a reliable parameter
in the female population for predicting mortality and reacutization in CHF patients.

These data will therefore be carefully considered in the creation of risk models as
specific sex markers for specific cardiovascular preventions [36]. The use of electrocardio-
graphic variables that take into consideration the ventricular repolarization marker for early
risk stratification of adCHF patients is a promising field of clinical research [3–5]. In fact,
together with the evaluation of NT-proBNP and the use of eHealth, artificial intelligence,
and machine learning tools, it could be possible to produce predictive models with these
inexpensive, easily available parameters for patient monitoring.

5. Study Limitations

An actual limitation of the study is the absence of patients treated with SGLT2 in-
hibitors. The sample was, in fact, largely studied before the recent indications provided by
the European Society of Cardiology guidelines [25] on the use in class I evidence A of these
drugs in subjects with HF and diabetes, hence the impact on repolarization, frequency of
reacutizations, and clinical outcomes. Further enrollment in this registry will help fill this
gap. Moreover, an interventional study could definitively assess the power and utility of
such evidence.
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