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Impact of COVID-19 on the cardiovascular health of women: a
review by the Italian Society of Cardiology Working Group on
‘gender cardiovascular diseases’
Federica Moscuccia, Sabina Gallinab, Valentina Bucciarellic, Alberto Aimod,e,
Giovanna Pelàf,g, Christian Cadeddu-Dessalvih, Savina Nodarii, Silvia Maffeij,
Antonella Melonik, Martino Deiddal, Giuseppe Mercurol, Roberto Pedrinellim,
Maria Pencon, Susanna Sciomera and Anna Vittoria Mattiolio
The coronavirus disease 19 (COVID-19), due to coronavirus

2 (SARS-CoV-2) infection, presents with an extremely

heterogeneous spectrum of symptoms and signs. COVID-

19 susceptibility and mortality show a significant sex

imbalance, with men being more prone to infection and

showing a higher rate of hospitalization and mortality than

women.

In particular, cardiovascular diseases (preexistent or arising

upon infection) play a central role in COVID-19 outcomes,

differently in men and women. This review will discuss the

potential mechanisms accounting for sex/gender influence

in vulnerability to COVID-19.

Such variability can be ascribed to both sex-related

biological factors and sex-related behavioural traits.

Sex differences in cardiovascular disease and COVID-19

involve the endothelial dysfunction, the innate immune

system and the renin-angiotensin system (RAS).

Furthermore, the angiotensin-converting enzyme 2 (ACE2)

is involved in disease pathogenesis in cardiovascular

disease and COVID-19 and it shows hormone-dependent

actions.

The incidence of myocardial injury during COVID-19 is sex-

dependent, predominantly in association with a greater

degree of inflammation and coagulation disorders among

men. Its pathogenesis is not fully elucidated, but the main

theories foresee a direct role for the ACE2 receptor, the

hyperimmune response and the RAS imbalance, which may

also lead to isolated presentation of COVID-19-mediated

myopericarditis.
1558-2027 © 2022 Italian Federation of Cardiology - I.F.C. All rights reserved.
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Moreover, the latest evidence on cardiovascular diseases

and their relationship with COVID-19 during pregnancy will

be discussed.

Finally, authors will analyse the prevalence of the long-covid

syndrome between the two sexes and its impact on the

quality of life and cardiovascular health.
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Introduction

Since March 2020, the coronavirus disease (COVID-19)

pandemic has been continuing to spread across the globe

and, although specific therapies and vaccines are now

available, the onset of more contagious variants still

presents today a persistent challenge for health systems

because of the high number of infections, hospitalizations

and deaths. During the past 2 years, population sub-

groups with higher vulnerability and comorbidities have

been identified. Some studies have already highlighted
that advanced age and preexisting cardiovascular and

metabolic conditions are associated with poor out-

come.1–4 Moreover, some potential sex differences in

the COVID-19 outcomes have been discussed.

In COVID-19, mortality is strongly associated with the

presence of myocardial injury (7–40%)5,6 and cardiovas-

cular diseases play a crucial role in determining the

outcome, as preexistent or intercurrent. Thus, whether

the incidence of COVID-19 related myocardial injury is

sex-dependent remains not fully elucidated.7–9
DOI:10.2459/JCM.0000000000001398
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Since the onset of the pandemic, men have appeared to

suffer from a respiratory and cardiovascular poorer prog-

nosis, exhibiting more severe and long-lasting disease

and symptoms.10,11

The exact mechanisms of these differences are not

completely understood and likely represent a complex

mosaic of multiple factors. In this review, we discuss

these sex and gender impacts on women’s cardiovascular

health of the COVID-19 pandemic, highlighting the

recent studies reporting sex/gender-specific comorbidity

profiles and outcomes.

Cardiovascular risk factors and outcomes of COVID-19
in women
Globally, cardiovascular disease (CVD) is the leading

cause of death among women in high-income countries.

In Europe, more women than men die from CVD, as they

are less likely to be diagnosed and to be treated appro-

priately.12

Cardiovascular injury is associated with a substantial

proportion of COVID-19 deaths and a preexisting

CVD is one of the most common risk factors for hospitali-

zation and death in COVID-19 patients.13

Furthermore, cardiovascular risk itself has been signifi-

cantly affected by the health policy preventive measures

to the COVID-19 pandemic, as the significant limitation

of economic and social activities has led to unemploy-

ment and increased sedentary time and increased inci-

dence of mental health issues, all of which are well

recognized risk factors for CVD and associated with

worsening cardiovascular outcomes.14

Despite women and men sharing similar ‘traditional’

cardiovascular risk factors, their relative weight and im-

pact on CVD seems to be modulated by gender, as shown

in the INTERHEART study, while traditional algo-

rithms for cardiovascular risk underestimate the female

risk of CAD.15 Among nontraditional risk factors for

CVD, depressive disorders have been considered a rele-

vant emergent risk factor for CVD in women, as they

seem to be more prone to depressive disorders, with a

doubled incidence compared with men. Moreover, CVD

risk factors and risk markers that are unique to women

exist.16,17

Several worldwide studies highlighted that many modifi-

able and nonmodifiable cardiovascular factors, such as

older age, male sex, diabetes, overweight, hypertension,

and depression, are strictly related to adverse outcomes in

COVID-19 patients. Patients with old age (�60 years),

male sex, hypertension and diabetes mellitus have more

than a 100 times higher risk for severe COVID-19 than

those without these risk factors and a greater risk of in-

hospital death.18,19 The role of both age and sex regarding

COVID-19 outcomes is still a matter of debate. Collard

et al.20 showed that in a cohort of 1604 Dutch patients
© 2022 Italian Federation of Cardiology - I.F.C. Unau
with a mean age of 66� 15 years (60.5% men), the asso-

ciation of hypertension, dyslipidaemia and diabetes leads

to a stepwise increased risk of short-term mortality in

hospitalized COVID-19 patients, independently of age

and sex. A meta-analysis by Matsushita et al.21 suggested
that despite the potential for confounding, hypertension,

diabetes and CVD are independently associated with

severe COVID-19 and, together with age and male

sex, can be informative for predicting the risk of severe

COVID-19.

On the contrary, a meta-analysis published in 2021 about

the impact of CVD and risk factors on fatal outcomes in

patients with COVID-19 according to age (48 317

patients with COVID-19, median age 56 years, 58.1%

men) suggested that CVD and its risk factors (hyperten-

sion and diabetes) are closely related to fatal outcomes in

COVID-19 for patients across all ages. Although young

patients had lower prevalence rates of cardiovascular

comorbidities than elderly patients, the relative risk of

fatal outcome in young patients with hypertension, dia-

betes and CVD was higher than in elderly patients.22

Although young patients had lower prevalence rates of

cardiovascular comorbidities than elderly ones, the rela-

tive risk of fatal outcomes in young patients with hyper-

tension, diabetes and CVD was higher than in elderly

patients. Among young adults, hypertension, diabetes

and CVD are prevalent in male participants, while wom-

en are substantially protected until menopause.23,24 This

explains the tendency for worse COVID-19 outcomes in

young male adults affected by CVD.

Furthermore, there is still a paucity of studies specifically

focused on women. Among them, Tsai et al.25 analysed

data from 77 364 U.S. women veterans (mean age 50.69

� 12.80 years), confirming that older age, obesity, prior

CVD and chronic obstructive pulmonary disease (COPD)

represent relevant risk factors for mortality in COVID-

19 disease.

Sex differences in COVID-19 pathogenesis
The higher COVID-19 case fatality rate and increased

severity of disease in men compared with women is likely

due to a combination of behavioural/lifestyle risk factors,

prevalence of comorbidities, ageing and underlying bio-

logical sex differences.26

SARS-CoV-2 affects first tissues expressing the angioten-

sin-converting enzyme 2 (ACE2) receptor, namely the

upper airway, lungs, heart, vascular endothelium, kidney,

testis and gastrointestinal tract. ACE2 cleaves angioten-

sin-II into Ang 1–7, which induces vasodilatation; has

antiarrhythmic, antihypertensive, anti-inflammatory and

antithrombotic effects; and inhibits pathologic cardiac

remodelling and insulin resistance.27,28 The SARS-

CoV-2 spike protein interacts with the ACE2 receptor;

then, a protein called type 2 transmembrane serine

protease (TMPRSS2) induces membrane fusion.29,30
thorized reproduction of this article is prohibited.
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Viral invasion reduces ACE2 expression, causing the loss

of the protective regulatory effect of ACE2.28

The ACE2 gene lies on the X chromosome and escapes

X-chromosome inactivation.31 Furthermore, ACE2 ex-

pression might be regulated by estrogens.32 Nonetheless,

ACE2 does not seem to be more expressed in alveolar

cells in women compared with men.33 Furthermore,

smoking status and COPD have been associated with a

higher ACE2 expression,34,35 and both smoking and

COPD36 are more prevalent among men.

Androgens are the only known stimulus to TMPRSS2

expression. Men with prostate cancer on androgen dep-

rivation therapy may have a significantly lower risk of

SARS-CoV-2 infection than the other male patients.37

The risk of severe infection mediated by androgen levels

may, in part, explain why preadolescents are usually not

severely affected by infection with SARS-CoV2.26

Morbidity and mortality associated with COVID-19 are

mediated through intense viral stimulated inflammation

and increasing levels of inflammatory biomarkers and

cytokines, often referred to as a ‘cytokine storm’. Older

and male patients have the highest risk of developing a

cytokine storm during SARS-CoV-2 infection.38–40

Young and old men with COVID-19 exhibit significantly

higher levels of the pro-inflammatory cytokines interleu-

kin-2 and tumour necrosis factor alpha, regardless of

comorbidities.41 Furthermore, men have a higher C-re-

active protein concentration than women, independently

of age and comorbidities.41

The neutrophil-to-lymphocyte ratio (NLR) is a well

known marker of inflammation and appears to reflect

the severity of COVID-19, particularly among

patients older than 50 years.42,43 A single-centre retro-

spective study observed that more men had an NLR

above 11.75, which was associated with a lower survival

rate.44

Several genes involved in the innate and adaptive im-

mune responses to infection are located on the X chro-

mosome.44 Although X-chromosome inactivation is a

mechanism of equalizing gene expression in women

and men, some genes may escape silencing, thereby

conferring on women an immune advantage over

men.43 For example, toll-like receptors (TLRs), which

upregulate type 1 interferon (IFN), an important protec-

tive mechanism against viral infections,45 may be up to

10-fold higher in women than in men.46–48 Furthermore,

IFN levels after TLR7 stimulation were lower in men

compared with women. TLR7-mediated IFN expression

may be decreased in men due to the known negative

effects of testosterone on IFN expression.49 Finally, a

single-centre study showed that concentrations of SARS-

CoV-2 immunoglobulin G were significantly higher in

women compared with men, and remained higher until

4weeks after hospital admission.39
© 2022 Italian Federation of Cardiology - I.F.C. Una
Overall, sex-related differences in the pathogenetic

mechanisms of COVID-19, the risk of infection, disease

severity and its outcomes seem to exist. Nonetheless, the

interplay between sex and COVID-19 features is com-

plex. For example, although women have an overall

stronger immune response, and appear to mount a stron-

ger response to SARS-CoV-2, men are more likely to

develop the cytokine storm associated with poor COVID-

19 outcomes. Future studies are warranted to elucidate

these points.

Myocardial damage/myopericarditis in COVID-19
Myocardial damage in patients with COVID-19 is diffi-

cult to acknowledge due to the different assessment

methods, different clinical presentations and different

studied populations. Myocardial damage has been dem-

onstrated in 7–40% of COVID-19 patients depending on

geographic area, with a higher prevalence among those

patients admitted to intensive care.5,6,49,50 Mortality is

approximately 22% among patients with cardiac troponin

(cTn) above reference limits and 61.5% for those with

cTn levels more than 10 times reference limits.

Themechanisms of myocardial damage in COVID-19 are

multifactorial, ranging from coronary thrombotic events

and atherosclerotic plaque rupture to sepsis-related car-

diomyopathy triggered by systemic hyper-inflammatory

state.51 The extensive systemic inflammatory reaction

associated with severe pneumonia in COVID-19may also

lead to an increased propensity for plaque rupture,51 and

thrombus formation,52 leading to type 1 myocardial in-

farction.

In this context, several research groups have highlighted

a sex-specific propensity for the inflammatory response,

outlining a different risk between the two sexes. In fact,

as stated before, men are more likely to have a less

powerful immune response and therefore a greater sus-

ceptibility or vulnerability to infections.53 Moreover,

abdominal fat, which has been linked to more severe

COVID-19 clinical presentations, is more prevalent in

men and, containing more macrophages, inflammatory

cells with higher cytokine concentrations, may play a

central role in cytokine storm-relatedmyocardial damage.

Histopathological examination of autopsy specimens

revealed that patients dying from COVID 19 infection

have consistently higher macrophage and T cell content

in coronary adventitia and peri-adventitial fat. In women,

the immune response is mediated by estradiol and pro-

gesterone leading to less severe COVID-19 infections

with lower mortality rates than in men.26,54,55

Furthermore, myocardial infarction patients with

COVID-19 showed significantly higher rates of no coro-

nary reflow (blush flow grade 0 or 1) with worse left

ventricular function after revascularization, despite simi-

lar ischemic times. Nitric oxide is an important physio-

logical vasodilator that exerts vasodilation through the
uthorized reproduction of this article is prohibited.



4 Journal of Cardiovascular Medicine 2022, Vol 00 No 00

D
ow

nloaded from
 http://journals.lw

w
.com

/jcardiovascularm
edicine by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

g
bsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 03/15/2023
activation of the cyclic guanosinemonophosphate cyclase

(cGMP) pathway.56 Several studies have shown that

nitric oxide production is enhanced by oestrogen via

oestrogen receptor mediated transcriptional upregulation

of endothelial nitric oxide synthase (eNOS).57,58 There-

fore, the oestrogen-dependent eNOS-NO-cGMP vasodi-

lation pathway could be an advantage for female patients

with COVID-19 by promoting improved coronary vaso-

dilation and perfusion.

Several studies also report that patients with COVID-19

often present with type 2 myocardial damage for a variety

of reasons. First, systemic inflammation is associated with

marked haemodynamic changes, including sympathetic

activation-mediated tachycardia, which results in in-

creasedmyocardial oxygen requirements.59 Furthermore,

mitochondrial dysfunction occurs with mitochondrial

decoupling, which leads to an increase in mitochondrial

oxygen uptake and thus to an increase in myocardial

oxygen demand.60

The adrenal glands are a potential target for SARS-CoV-2

infection, predisposing patients with COVID-19 to ad-

renergic overdrive secondary to infection.61 The hypo-

thalamus-pituitary-adrenal axis, responsible for the

integration and management of the organism’s internal

and external stress stimuli, has significant sex-related

differences in the neuroendocrine response. A more

robust and enhanced release of stress hormones by the

adrenal glands, including glucocorticoids, in response to

acute stressors could not only contribute to greater pro-

tection against severe COVID-19 but also to less myo-

cardial damage in patients with high cardiovascular risk.

Acute nonischemic myocardial injury is probably the

main reason for the troponin increases. Common cardiac

causes include myocarditis, Tako-Tsubo syndrome and

acute heart failure due to systolic and diastolic dysfunc-

tion.62 Primary noncardiac conditions, such as pulmonary

embolism and sepsis, also cause myocardial damage.62,63

However, myocarditis and myopericarditis are often

causes of acute nonischemic myocardial injury that de-

serve special attention in COVID-19.

Pericarditis in COVID 19 has been described as one of

the possible manifestations; however, data on true prev-

alence are not available. The clinical data available

therefore derive mainly from clinical cases that attest a

higher prevalence in men and an evolution towards

myopericarditis in more than half of the cases.64 Howev-

er, in most the studies, the definition of myopericarditis

was based on troponin levels and left ventricular function,

while there were other possible mechanisms not related

tomyocardial inflammation such as acute coronary throm-

bosis and Takotsubo cardiomyopathy, which could also

result in elevation of troponins in COVID-19 patients.

Moreover, according to the current European Society of

Cardiology guidelines, the diagnosis of viral myocarditis
© 2022 Italian Federation of Cardiology - I.F.C. Unau
is a diagnosis of exclusion made with certainty only in the

event that a viral genome within the cardiomyocytes is

demonstrated together with the histological results of

active myocarditis.65

The SARS-CoV-2 genome has been identified in endo-

myocardial biopsies of patients with suspected myocar-

ditis.66 However, there is no direct evidence of SARS-

CoV-2 within cardiomyocytes, as the presence of the

virus has been documented in interstitial cells within

heart tissue but not in cardiomyocytes, suggesting that

the presence of the viral genomewas due to themigration

of infected macrophages.67

Recently, rare and self-limiting cases of myocarditis with

temporal association with immunization with an mRNA-

based COVID-19 vaccine have been reported, mainly in

young men (mean age 25 years).68 Data from the Israeli

Ministry of Health suggest a crude incidence rate of

around 24 cases per million after a second dose.68 How-

ever, the true incidence of this adverse event is unknown

at this time. Although the specific mechanisms are un-

clear, an immune-mediated mechanism is likely for

which the female sex appears to be protected.69

Pregnancy outcomes and COVID-19 infection
Physiological changes during pregnancy in the pulmo-

nary system, such as increased oxygen consumption,

increased minute ventilation and decreased lung capaci-

ty, can make pregnant women more susceptible to severe

respiratory infections. Moreover, some adaptive immune

responses are downregulated in pregnant women (e.g. the

decrease in the number of T cells and B cells). Therefore,

pregnant women were identified as a vulnerable group.

The majority of studies assessing the impact of COVID-

19 on pregnant women were conducted before the vacci-

nation campaign. According to reviews and meta-analy-

ses, almost half of pregnant women were asymptomatic,

while the most commonly reported symptoms were those

typically related to the virus (fever, cough, fatigue, anos-

mia, ageusia, headache).70,71 Increased risk of severe

COVID-19 has been associated with different factors

such as increasing age, high BMI, chronic hypertension,

past smoking history, preexisting diabetes, CVDs, gesta-

tional diabetes mellitus and preeclampsia, although no

link has been reported with race/ethnicity and parity.70,71

Although not confirmed by all studies, COVID-19 infec-

tion in pregnant women was shown to significantly in-

crease the risk of preeclampsia/eclampsia, preterm birth,

stillbirth, ICU admission, maternal mortality, need for

mechanical ventilation, vasopressor support, venous

thromboembolism, lower birth weight, neonatal ICU

admission, severe perinatal morbidity and mortality.72–

74 It has been proposed that COVID-19 infection might

lead to adverse pregnancy outcomes through the deregu-

lation of otherwise tightly regulated Treg/Th17 ratios

and to subsequent uncontrolled systemic inflammation.75
thorized reproduction of this article is prohibited.
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Inflammation can also adversely affect the placenta and

higher rates of placenta vascular dys-perfusion, thrombo-

sis and inflammation have been reported among infected

women. COVID-19 was not related with caesarean deliv-

ery or postpartum haemorrhage compared with no

COVID-19.72–75 There are conflicting results about the

effect of first-trimester COVID-19 infection on miscar-

riage rates.

As regards the stratification of the outcomes by maternal

COVID-19 severity, a systematic review and meta-anal-

ysis has found that, compared with mild COVID-19,

severe COVID-19 (presence of dyspnoea, respiratory rate

at 30 breaths per minute or more and oxygen saturation

<93% or on room air, or findings consistent with pneu-

monia) was strongly associated with preeclampsia, gesta-

tional diabetes, ICU admission, mechanical ventilation,

preterm birth, caesarean delivery, low birth weight and

neonatal ICU admission.72

Although there is a surge in studies demonstrating the

harmful effects of COVID-19 on the cardiovascular sys-

tem, only a few cases of COVID-19 related cardiomyop-

athy have been reported in pregnancy. Mercedes et al.76

described a series of 154 pregnant women with COVID

19 infection, of whom 15 developed myocardial injury.

All these women needed to be transferred to the ICU and

presented with left ventricular dysfunction at echocardi-

ography and highly elevated levels of troponin and B-

type natriuretic peptide. Two patients died from arrhyth-

mias.

Mounting evidence supports the safety of COVID-19

vaccination in pregnancy. No difference in rates of ad-

verse pregnancy outcomes or newborn complications has

been detected between women who received at least one

dose of the COVID-19 vaccine during the second or third

trimesters of pregnancy and unvaccinated pregnant wom-

en.77 Moreover, the vaccination in the first pregnancy

trimester does not increase the risk of early pregnancy

loss.

The risk of vertical mother-to-baby transmission of

SARS-CoV-2 is low, likely because the placental cells

co-expressing ACE2 and TMPRSS2 proteins, required

for SARS-CoV-2 viral cell entry, are rare.78 Moreover,

according to the current evidence, breast milk is unlikely

to be a source of transmission of SARS-COV-2. Converse-

ly, antibodies of SARS-CoV-2 may be transferred from

infected or healthy vaccinated lactating mothers to new-

borns through breastfeeding, with a potential protective

effect.79

Long-COVID-19 syndrome: differences between men
and women
As above mentioned, the SARS-CoV-2 pandemic has

clearly demonstrated that sex and gender-related factors

play role in COVID-19 vulnerability, both in the acute

phase and in the postinfection period.
© 2022 Italian Federation of Cardiology - I.F.C. Una
Therefore, it is imperative to collect sex-disaggregated

data in order to better understand the differences in the

pathophysiologic mechanisms of COVID-19 and to im-

plement effective treatment and prevention.

Many studies showed gender differences in outcomes

and symptoms between the two sexes in the acute phase

of infection. As already stated, men have higher mortality

and women have more symptoms; nevertheless, few data

are available on the role of sex in long-COVID-19 syn-

drome80 even if women tend to be at a higher risk for

long-term manifestations.81,82

Long-COVID-19 syndrome is defined as persistent

symptomatology extending beyond 12weeks after the

initial symptoms of acute infection. The most common

symptoms are fatigue, shortness of breath, palpitations,

chest pain and sleep disturbances. Other symptoms in-

clude neuro-psychiatric involvement such as depression,

anxiety, attention disorders and headache.83,84

In a prospectivemulticentre cohort study by ISARIC (the

International Severe Acute Respiratory and emerging

Infections Consortium), enrolling 327 hospitalized parti-

cipants who were evaluated at least 3months post-

discharge, Sigfrid et al.85 showed that 93% of

participants reported persistent symptoms, with fatigue

being the most common (83%), followed by breathless-

ness (54%). In addition, women younger than 50 years

were five times less likely to report feeling recovered,

twice as likely to report worse fatigue and seven times

more likely to report breathlessness and more likely to

have greater disability than men of the same age.

Female gender is associated with long-COVID syndrome

in the prospective cohort study that included 377 hospi-

talized patients by Bai et al.86 In this study, 69% of

patients had a diagnosis of long-COVID syndrome. In-

terestingly, women were characterized by a higher pro-

portion of most physical symptoms (fatigue, dyspnoea,

brain fog, anosmia, dysgeusia, gastrointestinal symptoms)

and psychological symptoms (depression, anxiety, post-

traumatic stress disorder) than men. At multivariable

logistic regression analysis, female gender was as strong

a predictor of long-COVID as advanced age and active

smoking.86

A retrospective/prospective study that included 223

patients with a history of SARS-CoV-2 infection (72%

hospitalized, 28% outpatients) has recently demonstrated

that women weremore symptomatic thanmen not only in

the acute phase but also at follow-up. The persistence of

each symptom reported in male and female groups from

baseline to follow-up is depicted in Fig. 1 and clearly

demonstrate that there are significant differences in long-

COVID-19 syndrome between the two groups: men

improved significantly in dyspnoea and thoracic pain

without change in fatigue and palpitations; by contrast,

women did not improve in dyspnoea and thoracic pain
uthorized reproduction of this article is prohibited.
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Fig. 1

Acute phase vs follow-up (male)
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and worsened in fatigue and palpitations. At multivari-

able analysis, female sex was confirmed as an indepen-

dent predictor of long-lasting COVID-19 symptoms.87

More recently, a multicentre cohort study including 1969

hospitalized COVID-19 patients, interviewed by tele-

phone questionnaire, found that women were more vul-

nerable to developing post-COVID-19 symptoms 8

months after discharge. Female sex was linked to at least

three post-COVID-19 symptoms, including fatigue, dys-

pnoea, pain, hair loss, ocular issues, depressive levels,

anxiety and poor sleep quality. The authors concluded

that healthcare systems should consider sex differences

in the management of the long haulers.88

The causes of long-COVID-19 syndrome are not still

elucidated. Some hypotheses have been proposed, in-

cluding a persistent inflammatory state, an autoimmune

reaction, persistent circulating SARS-CoV-2 spike pro-

tein, postinfection organ damage and genetic
© 2022 Italian Federation of Cardiology - I.F.C. Unau
predisposition involving innate and interferon-mediated

immunity.89,90 In addition, we do not know why women

are more likely to experience long-lasting COVID-19

symptoms. In this regard, recent work that demonstrated

a persistent immune dysregulation in women is worth

mentioning.91

In conclusion, COVID-19 affects women and men dif-

ferently both in the acute and post-COVID phases. Sex-

disaggregated longitudinal studies are necessary to un-

derstand the sex-related pathophysiology of the symp-

toms and their impact on quality of life and work activity

to promote preventive and personalized therapeutic

approaches and to prevent gender inequality.

Conclusion
As previously described, there is a clear impact of sex and

gender on the cardiovascular systems of women and men,

which not only implies different susceptibility, clinical
thorized reproduction of this article is prohibited.
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course and outcomes of numerous chronic diseases, but

also, as demonstrated, in the case of infections, even

during COVID-19.7,8 In fact, some related aspects have

been identified that explain the differences observed in

the clinical evolution of COVID-19 that characterize the

two sexes7,8,92; some features are related to gender (high-

risk behaviours, nutrition and access to healthcare),

others related to sex (influence of sex hormones, variabil-

ity in the function of the immune system and in the

regulation of the inflammatory response, expression of

genes and receptors). As noted, significant changes in

ACE2 gene expression, immune response and pathophys-

iology of cardiovascular risk factors and comorbidities

help reduce susceptibility to an infection and better

survival in women and, conversely, make men more at

risk of hospitalization and mortality.16,27,28

Even before the onset of the pandemic, it was observed

that the lifestyle of women tended to be less compatible

with the nonpharmacological prevention of CVDs93,94;

subsequently, a significant impact on the cardiovascular

health of women was certainly imputable to those aspects

related tomental overload, to family responsibility, stress,

and to the further reduction of physical activity experi-

enced during the lockdown.95,96

Unfortunately, confinement at home has also meant a

significant increase in cases of domestic violence, which

increased stress and depression.14,15,92

The cardiovascular health of the entire population has

been severely threatened by the pandemic because of

reduced and/or delayed access to treatments and lack of

screening. Women have previously experienced this kind

of bias, which intensified during the pandemic.

Moreover, the higher susceptibility of women to the long-

term consequences of COVID-19 will also be further

evaluated and framed in the future, to understand what

impact on general health and, specifically, on cardiovas-

cular health long-COVID-19 may have.80–82

More studies are needed to provide a better understand-

ing of sex and gender influence in the reaction to various

treatment options or in the long-term sequelae of

COVID-19 infection, with the aim of setting up person-

alized, clinical prevention programmes evaluation and

therapies for a more efficient resolution of the disease,

minimizing its impact on cardiovascular health.
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