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ARTICLE INFO ABSTRACT

Keywords: The epidemiology, clinical features and outcome of myocardial infarction (MI) display significant differences
Myocardial infarction between men and women. Prominent sex differences have also been suggested in left ventricular (LV) remodeling
Remodeling after MI. Ventricular remodeling refers to a deterioration of LV geometry and function often leading to heart
VHVeOaI:eflaﬂure failure (HF) development and an increased risk of adverse cardiovascular events. Women have a lower pro-

pensity to the acquisition of a spherical geometry and LV dysfunction. These differences can be attributed at least
partially to a lower frequency of transmural infarction and smaller areas of microvascular obstruction in women,
as well as to a less prominent activation of neuroendocrine systems and apoptotic, inflammatory and profibrotic
pathways in women. Estrogens might play a role in this difference, which could partially persist even after the
menopause because of a persisting intramyocardial synthesis of estrogens in women. Conversely, androgens may
exert a detrimental influence. Future studies should better clarify sex differences in the predictors, clinical
correlates, prognostic impact and disease mechanisms of remodeling, as well as the existence of sex-specific
therapeutic targets. This research effort should hopefully allow to optimize the treatment of MI during the
acute and post-acute phase, possibly through different therapeutic strategies in men and women, with the goal of
reducing the risk of HF development and improving patient outcome.

Sex differences

Cardiovascular disorders have long been regarded as conditions
affecting mostly men, but they are the first cause of death among women
[1]. Women have a lower incidence of myocardial infarction (MI) than
men in all age categories from 35 to 94 years, although the difference
between men and women tends to decrease with age [2]. The INTER-
HEART case-control study demonstrated that women experience their
first MI around 9 years later than men. Among the cardiovascular risk
factors evaluated, hypertension, diabetes, lack of physical activity and
alcohol consumption were more closely associated with the risk of MI
among women [3]. In the UK Biobank registry, smoking habit emerged

as a stronger predictor of MI among women (hazard ratio [HR] 3.46 vs.
2.23) [4]. Women with MI have a greater prevalence of comorbidities
such as diabetes, hypertension and chronic kidney disease [5]. In the
younger age categories, women with MI have a significantly higher
prevalence of diabetes, rheumatologic disorders and depression than
men [5]. Furthermore, women with MI display more often non-ST
segment elevation MI (NSTEMI), MI with non-obstructive coronary ar-
teries (MINOCA), and Takotsubo syndrome [6-8]. While plaque rupture
represents the main cause of fatal thrombotic occlusion among men
(76%), it was found only in 55% of cases of fatal MI among women [9].
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Women are more likely to experience an MI due to non-occlusive
mechanisms such as plaque erosion or spontaneous coronary dissec-
tion [10-12]. Women have a more severe coronary artery disease [13]
and lower infarct sizes [14]. The clinical presentation of MI similarly
differs between sexes. Women have more often atypical symptoms (42%
vs. 31%, p < 0.001) such as pain in abnormal sites (right hemithorax,
neck or shoulder, or epigastrium), dyspnea or fatigue [10]. The Varia-
tion in Recovery: Role of Gender on Outcomes of Young Acute MI Pa-
tients (VIRGO) study demonstrated that women aged less than 55 years
have a greater risk of late presentation (over 6 h from symptom onset)
than men (35% vs. 23%, p = 0.002). Among possible causes there are the
more advanced age, more comorbidities, a higher frequency of atypical
symptoms, and possibly also a lower awareness of the MI risk [15].
Women with ST-segment elevation myocardial infarction (STEMI) are
revascularized less often (76.8% vs. 78.9%; p < 0.001) [16] and with
longer time delays (door-to-needle time > 30 min in 55% vs. 41% in
men) [15]. Percutaneous coronary revascularization is often subopti-
mal, with a Thrombolysis In Myocardial Infarction (TIMI) score from
0 to 2 in 9% of women vs. 5% of men (p < 0.001) [17], possibly because
a higher frequency of microvascular dysfunction among women. On the
one hand, the higher prevalence of microvascular dysfunction in women
has been demonstrated by several angiographic and imaging studies,
both in chronic (stable microvascular angina) and in acute conditions
(unstable microvascular angina) [18]; on the other hand, some recent
studies challenged this notion, reporting a relatively high prevalence of
microvascular dysfunction irrespective of sex both in patients with sta-
ble angina [19] and in patients with MI [20]. The risk of complications
after MI differs as well: women have a greater risk of cardiac rupture,
acute mitral regurgitation and cardiogenic shock [6,21]. Women also
display a higher incidence of major bleeding [22]. Finally, women have
a lower likelihood of receiving evidence-based therapies: for example,
women are less often started on dual antiplatelet therapy and beta-
blockers within 24 h from the MI (91% vs. 93% and 85% vs. 87%,
respectively; both p < 0.001) [23], and are overall less likely to receive
statins, antiplatelet agents, angiotensin converting enzyme inhibitors or
angiotensin receptor blockers, and beta-blockers [24].

1. Left ventricular (LV) remodeling
1.1. Epidemiology

LV remodeling is a possible long-term complication of MI and con-
sists in a deterioration of LV geometry and function leading to an
increased risk of heart failure (HF) and adverse cardiovascular events
[25]. LV remodeling is characterized by an increase in LV end-diastolic/
end- systolic volume (LVEDV/LVESV) and a decrease in LV ejection
fraction (LVEF). This last is a late phenomenon denoting the exhaustion
of the functional reserve of the LV, and is associated with a shorter
survival and worse quality of life [25]. LV remodeling is generally
defined as a 15-20% increase in LVEDV, even if alternative definitions
have been proposed, such as a >15% LVEDV increase and a decrease in
LVEF > 3% within 6 months from a MI [26].

Around one half of patients with STEMI experience LV remodeling
(defined as a >20% LVEDV increase) within 1 year, more often during
the first 3 months from the acute event [27]. In patients with remod-
eling, the cumulative incidence of HF hospitalization is 6%, 7% and 9%
after 40, 80 and 120 months from a STEMI, respectively, while the
incidence is 2%, 3% and 4% in patients without remodeling, respec-
tively (p < 0.001) [27]. LV remodeling is associated with a greater risk
of mitral regurgitation and ventricular arrhythmias, as well as cardio-
vascular death [28,29]. In a study on 428 patients, the HR of adverse
cardiovascular events (death, HF hospitalization, stroke, resuscitated
cardiac arrest) was 1.05 (95% CI 1.01-1.10; p = 0.015) for each 10 mL
increase in LVEDV, and 1.11 (95% CI 1.05-1.18; p < 0.001) for each 10
mL increase in LVESV. A 5 unit decrease in LVEF was associated with a
HR of 1.30 (95% CI 1.14-1.48; p < 0.001) [30].
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1.2. Risk factors for remodeling

The main risk factors for remodeling are transmural MI (i.e., STEMI),
a large infarct area, microvascular obstruction, intramyocardial hem-
orrhage, and advanced age [31-33]. Some studies reported infarct
location in the anterior wall as predictive of remodeling [34,35].
Nonetheless, a recent study demonstrated that anterior MI are usually
larger, and that the size of the infarcted area (odds ratio [OR] 1.06; 95%
CI1.03-1.09; p < 0.001) is predictive of remodeling, while infarct site is
not (OR 1.59; 95% CI 0.86-2.97; p = 0.139) [31]. In a cohort of 208
STEMI patients, the following echocardiographic variables emerged as
independent predictors of remodeling within 1 year: lower absolute
value of global longitudinal strain (HR 0,84, 95% CI 0.73-0.97; p =
0.020), demonstrating an initial impairment of LV contractility; a
shorter mitral valve deceleration time (HR 0.99, 95% CI 0.98-1.00; p =
0.023), an early index of diastolic dysfunction; a lower LVEDV at
baseline (HR 0.92, 95% CI 0.90-0.95; p < 0.001), likely because there is
more room for LV dilation when the LV is initially smaller [36]. In the
same study, a higher peak value of the MB isoform of creatine kinase (HR
1.003, 95% CI 1.000-1.005; p = 0.033) emerged as independent pre-
dictor of remodeling, likely because of its association with a larger
infarct [36].

1.3. Pathophysiology

LV remodeling is promoted by an increased wall stress, the activation
of neurohormonal systems, and the inflammatory and fibrotic response
to cardiomyocyte loss. LV preload increases shortly after a M1, causing a
rise in LV wall stress, and cardiomyocytes in the remote myocardium
become hypertrophic to sustain cardiac output [25]. The acute decrease
in LV contractility and the increase in cavitary pressures induce the local
and systemic activation of neuroendocrine axes, most notably the sym-
pathetic nervous system and the renin-angiotensin-aldosterone system
(RAAS). Persistent beta-adrenergic stimulation can lead to an uncou-
pling between excitation and contraction and the activation of proapo-
ptotic mechanisms. Persistently high catecholamine levels can also
induce fibrosis and oxidative damage [37]. Most effects of the RAAS are
mediated by angiotensin-II, which has cytotoxic effects on car-
diomyocytes, promotes cell hypertrophy and apoptosis, stimulates
fibroblast proliferation and induces the synthesis of extracellular matrix
(ECM) proteins, mostly by activating the AT1 receptor. Even aldosterone
promotes fibroblast proliferation by activating K-Ras-A e MAPK
(mitogen-activated protein kinase) 1/2 [38].

Cardiomyocyte necrosis elicits an inflammatory response by acti-
vating the complement cascade, inducing the production of reactive
oxygen species (ROS) and damage-associated molecular patterns, the
latter acting as ligands for pattern recognition receptors such as Toll-like
receptors (TLRs). TLR activation promotes the release of proin-
flammatory cytokines that recruit inflammatory cells in the infarcted
area, including neutrophils, monocytes, macrophages, and B- and T-
lymphocytes. Tissue leukocytes clear dead cells and fragments of the
extracellular matrix, but may also promote the necrosis of still viable
cardiomyocytes, thus contributing to scar expansion [39].

After the inflammatory phase, monocytes and macrophages release
cytokines and growth factors that suppress inflammation and stimulate
vessel formation, fibroblast proliferation and their differentiation into
myofibroblasts. These last cells can be activated by transforming growth
factor-beta (TGF-p), angiotensin-II, endothelin-1 and several other fac-
tors [40]. In parallel, pro-inflammatory cytokines initially promote a
robust activation of matrix metalloproteinases (MMPs), and then of
tissue inhibitors of metalloproteinases, inducing ECM degradation and
tissue remodeling [41]. As the myocardial scar matures, collagen con-
tent progressively increases while leukocytes, vascular cells and fibro-
blasts are cleared, presumably through apoptosis [42]. Persistent
activation of profibrotic pathways can promote infarct expansion and
progression to HF.
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2. LV remodeling: sex differences
2.1. Epidemiology

No significant sex differences in the incidence of remodeling after
STEMI have been reported. For example, in a cohort of 1995 patients
with STEMI, LV remodeling (defined as a >20% increase in LVEDV)
occurred within 1 year in 48% of men and 48% of women [43]. On the
other hand, women represented only 23% of this cohort [43], and the
large underrepresentation of women might have reduced the power to
detect significant differences in the prevalence of LV remodeling [14].

Women seem to have a higher risk of HF after MI. For example, in the
Valsartan in Acute Myocardial Infarction Trial (VALIANT) study, per-
formed on 14,703 patients, women (31%) displayed a greater risk of HF
hospitalization within 24 months (HR 1.36, 95% CI 1.22-1.52; p <
0.001) despite the absence of significant sex differences in LVEF and
LVEDV from baseline to 20 months (p = 0.40 e p = 0.33, respectively)
[44]. Similarly, an aggregate analysis of 10 randomized clinical trials on
STEMI patients showed that women have higher rates of 1-year HF
hospitalization than men, regardless of age, baseline LVEF and infarct
size [45].

We may summarize our knowledge of post-MI remodeling in women
vs. men as follows: 1) women have a lower incidence of MI in all age
categories, 2) women with STEMI develop post-MI remodeling with a
similar frequency than men, 3) women with MI or those with STEMI
have a greater risk of HF. The greater propensity to HF development in
women seems partially independent of remodeling and could be
attributed to sex differences in age, comorbidities and possibly also
treatment of MI [46].

2.2. Patterns of LV remodeling

Several preclinical studies established that females develop a less
prominent LV remodeling than males after comparable MI events. For
example, in a murine model of MI, females displayed a lower LV dilation
and a better LV function 12 weeks after an MI [47]. Evidence from
clinical studies is limited. In a cohort of 292 patients with prior MI (16%
women) undergoing cardiac magnetic resonance, women showed a
trend toward lower LVEDV index values (79 + 24 vs. 86 + 24 mL/m?%; p
= 0.07) and a lower LV mass index (64 + 18 vs. 73 £ 17 mg/mz; p=
0.001), as well as higher values of LVEF (53 + 14 rispetto a 50 + 14%; p
= 0,18) and stroke volume (0.84 + 0.18 vs. 0.72 + 0.23 mL; p = 0.008)
[48]. In a population of 109 patients with STEMI, male sex was pre-
dictive of early remodeling (assessing LVEDV evaluated within a few
days from the MI event; p = 0.004) and late remodeling (with LVEDV
analyzed through a transthoracic echocardiogram 18 months after a
STEMI; p = 0.03) [49]. In a series of 50 patients with ischemic HF un-
dergoing heart transplantation, LV mass index and cardiomyocyte vol-
ume were significantly lower in women than men [50].

2.3. Risk factors for remodeling

Several risk factors for post-MI remodeling display sex differences. As
stated above, women are usually older at the time of their first MI and
have less often a STEMI than men [6], have smaller infarct sizes
[14,48,51] and smaller areas of microvascular obstruction [14]. Indeed,
while microvascular dysfunction has been generally reported as a
pathophysiological phenomenon occurring more often in women than
men [18], microvascular obstruction following MI is a specific condition
(also named “no-reflow”) whereby myocardial reperfusion is not ach-
ieved after a successful epicardial coronary artery recanalization,
because of some possible pathogenetic mechanisms including distal
atherothrombotic embolization, microvascular ischemic injury, reper-
fusion injury and preexisting coronary microvascular dysfunction [18].
According to a recent study, microvascular obstruction following STEMI
occurred in both sexes with a relatively high frequency (54% in men vs.
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43% in women, p = 0.078), with a slightly higher extent in men (3% of
LV mass) than in women (2%, p = 0.04) and a slightly higher prevalence
of myocardial hemorrhage in men (45%) than in women (29%, p =
0.03). Importantly, all these differences were not significant after
adjustment for glomerular filtration rate, reperfusion strategy (throm-
bolysis vs no thrombolysis), culprit artery territory, age and ischemic
time [20].

The assessment of clinical, imaging and laboratory variables as
predictors of post-MI remodeling is largely incomplete. Circulating
levels of B-type natriuretic peptide (BNP) and N-terminal-pro-BNP (NT-
proBNP) and cardiac troponins predict LV remodeling after an MI
[52,53]. In a study on 42 patients with STEMI, baseline levels of NT-
proBNP emerged as independent predictors of LVEDV increase during
the first year after MI (p = 0.007). The >115 ng/L NT-proBNP threshold
allowed to identify patients developing LV dilation (LVEDV increase >
11.8 mL) with 89% specificity and 68% sensitivity (area under the curve
0.77) [54]. Even cardiac troponin I measured after 24 to 48 h after a
STEMI emerged as independent predictor of LVEF decline and an in-
crease in LVEDV and LVESV indexed (all p < 0.01), as assessed 5 days
and 4 months after an MI [55]. While sex-related differences in the
circulating levels of natriuretic peptides and troponins have been
demonstrated, as discussed in a dedicated review [56], we are not aware
of dedicated analyses of their differential prognostic yield between men
and women in the post-MI setting. Conversely, a new biomarker able to
predict the progression to LV dysfunction after STEMI in women (p =
0.006), but not in men (p = 0.41), has been identified. It is the messenger
RNA for cyclin-dependent kinase inhibitor 1C (CDKN1C), a regulator of
cell proliferation [57].

2.4. Histology and molecular biology

In a study on a murine model of MI, females displayed a lower
concentration of neutrophils and macrophages in the infarct border zone
[47]. A less intense inflammatory response may account for the lower
activation of MMPs, the earlier scar formation, lower propensity to
infarct scar expansion and cardiac rupture during the first week after an
ML, as well as the lower risk of remodeling. A recent study on mice found
that infiltration of neutrophils in the infarct zone is less extensive in
females, clearing activity of dead cells and tissue debris is more effective
in females, and the expression of proinflammatory genes is less pro-
nounced in females [58]. Moreover, females show a less prominent
activation of several inflammatory pathways such as the LXR/RXR (liver
X receptors/retinoid X receptor) - NFkB [58,59]. Other pathways seem
to be particularly active in males. For example, male mice have a greater
expression of TLRs, and TLR knockout blunts the inflammatory
response, reduces infarct size and remodeling in males, but not in fe-
males [60].

Sex differences in remodeling can be partially explained in terms of
apoptosis in the peri-infarcted area. A study on patients dying during the
acute phase of MI demonstrated that men have a 10-fold higher
apoptotic index (26% vs. 3%; p = 0.003) and a greater expression of the
proapoptotic protein Bax in the border zone than women. The apoptotic
index in the border zone displayed an inverse correlation with LV wall
thickness (r = —0.48, p = 0.029), and a direct correlation with the
diameter/wall thickness ratio (r = 0.56, p = 0.008) [61].

3. Mechanisms of sex differences in post-MI remodeling

Sex hormones, and in particular estrogens, might influence several
mechanisms of the tissue response to MI (Fig. 2), and could then be
important determinants of sex differences in ventricular remodeling,
even in elderly individuals [62]. Before the menopause, estrogens are
synthesized mostly in the ovaries and, to a lesser extent, in the adrenal
glands, in testes in males, and in organs and tissues such as bones, adi-
pose tissue, and the heart [63]. Indeed, cardiomyocytes express the
aromatase enzyme, which converts androstenedione and testosterone in
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the respective estrogens within the myocardial tissue [64,65]. After the
menopause, circulating levels of estrogens decrease drastically,
although their effects on the heart might be partially preserved because
of this intramyocardial production [62]. Estrogens have genomic and
non-genomic effects mediated by the estrogen receptors ERa, ERp and
gpER (transmembrane G protein-coupled estrogen receptor). ERa and
ERp are transcription factors located in the cytosol, which, upon estro-
gen binding, translocate into the nucleus where they modulate gene
expression by binding ERE (estrogen response elements) sequences. ERx
and ERp, together with gpER (located in the endoplasmic reticulum),
can also mediate rapid, non-genomic effects by activating signaling
cascades involving phosphatidylinositol-3-kinase and mitogen-activated
protein kinases [66]. (See Fig. 1.)

In ovariectomized mice exposed to pressure overload, 17p-estradiol
(E2) delayed the development of LV hypertrophy [67]. Mice receiving
E2 had higher levels of atrial natriuretic peptide [67], which is known to
have anti-hypertrophic effects [68]. E2 can also prevent LV remodeling
by inducing the production of modulatory calcineurin-interacting pro-
tein 1 (MCIP), which then inhibits the pro-hypertrophic calcineurin
[69]. Finally, E2 suppresses the production of class I, pro-hypertrophic
histone deacetylase (HDAC), while promoting the transcription of
class II, anti-hypertrophic HDAC [70]. However, further studies are
needed to define the exact mechanisms by which estrogen affects hy-
pertrophy, as E2 seems to have a controversial role depending on the
stress stimulus [71] or the genetic background of the experimental an-
imals [72].

E2 also blunts the effects of angiotensin-II on fibroblasts, reducing for
example the expression of integrins and MMP-2 [73]. The binding of E2
to ERp inhibits the synthesis of TGF-p stimulated by endothelin-1 and
angiotensin-II, and then the conversion of fibroblasts into myofibro-
blasts [74]. Estrogens also inhibit the profibrotic RhoA/ROCK/cofilin
pathway through non-genomic mechanisms involving ERa [75]. ERB
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deletion boosts the inflammatory response by enhancing natural killer
cells activity and leucocyte extravasation. Estrogens also reduce ROS
production by acting on ERB [76]. Estrogens also activate the serine-
threonine kinase Akt, which inhibits cardiomyocyte apoptosis
following an ischemic insult [77,78]. Finally, ERa is thought to stimulate
the recruitment of endothelial progenitor cells, which promote vessel
formation after MI [79].

Testosterone has detrimental effects on post-MI remodeling and
promotes LV hypertrophy [80]. Rats undergoing orchiectomy and (1
week later) MI had less LV hypertrophy and better contractility after 8
weeks than rats with MI alone [81]. Testosterone also induces neutro-
phil infiltration and the expression of p38 and SPAN/JNK, which are
associated with the inflammatory response in the heart [82,83], and to
an increased risk of cardiac rupture [82]. Testosterone also seems to
inhibit the Akt pathway, thus stimulating cardiomyocyte apoptosis and
HF development (Fig. 2) [84].

Micro-RNA (miRNA) are small, non-coding nucleic acid molecules.
E2 can modulate the production of many miRNA by acting on ERE se-
quences in gene promoters. Furthermore, the human X chromosome
contains 10% of all miRNAs detected so far, and 118 miRNAs are located
on the X chromosome, while only 4 are located on the Y chromosome.
Around 15% of human X-related genes are not inactivated [85,86],
possibly explaining sex differences in normal and disease conditions
[87]. For example, miR-98 inhibits apoptosis after MI by blocking the
Fas/caspase-3 pathway [88], and hinder angiotensin-II-induced cardiac
hypertrophy, partially by inhibiting cyclin D2 [89]. An increased
expression of miR-98 because of estrogen stimulation or incomplete X
chromosome inactivation might explain the lower degree of post-MI
remodeling in women than men [85].
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Fig. 1. Sex differences in left ventricular (LV) remodeling after myocardial infarction.
BNP, B-type natriuretic peptide; CDKN1C, cyclin dependent kinase inhibitor 1C; F, females; M, males; MINOCA, myocardial infarction with non-obstructive coronary
arteries; NT-proBNP, N-terminal-pro-BNP; STEMI, ST-segment elevation myocardial infarction.
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4. Therapies

Recommendations about treatment of MI do not differ between men
and women because subgroup analyses of randomized controlled trials
have not shown any significant differences in drug efficacy between the
two sexes [90], with the usual caveat that women have been tradition-
ally underrepresented [91].

The Atherosclerosis Risk in Communities (ARIC) study has analyzed
the data of MI hospitalizations from 1995 to 2014 among patients aged
between 35 and 54 years. It was found that women have a lower like-
lihood of receiving lipid-lowering drugs (relative risk [RR] 0.83, 95% CI
0.80-0.94; p < 0.001) and dual antiplatelet therapy (RR 0.83, 95% CI
0.75-0.91; p < 0.001) than men; this conclusion was confirmed when
STEMI or NSTEMI were considered separately [92]. In all age categories,
women received less high-dose statins after discharge (47% vs. 56%,
respectively) [93]. During a 1-year follow-up of 840 patients with acute
coronary syndrome (26% of them women), men were found to be more
often on dual antiplatelet therapy than women (94% vs. 88%; p = 0.01).
Ticagrelor was the most used second antiplatelet agent, with no sex
differences, while clopidogrel was prescribed more often to women
(42% vs. 33%; p = 0.04) and prasugrel to men (17% vs. 11%; p = 0.04).
No differences in the rates of major adverse cardiovascular events were

T p38
JNK

Akt

recorded [94]. Furthermore, there was no evidence of interaction be-
tween sex and bleeding risk after the acute MI phase [95].

Sex differences in the response to mineralocorticoid receptor an-
tagonists (MRAs) were reported. A study on rats found that eplerenone
relieves LV dilation and LVEF reduction to a greater extent in females
than males [96]. Circulating aldosterone levels are directly correlated
with LV wall thickness and LV end-diastolic diameter in women but not
in men [97]. Further studies are needed to verify if women and men with
MI display a different response to MRAs.

Because of the positive effects of estrogens on the heart and vessels,
estrogen therapy (ET) was proposed as a novel approach to the pre-
vention of cardiovascular disease in post-menopausal women. A sys-
tematic review of 19 trials on over 40,000 women concluded that ET has
minimal or no effects on secondary cardiovascular prevention, while it
increases the risk of stroke and thromboembolic events [98]. No data
about post-MI remodeling are available.

Finasteride, an inhibitor of conversion of testosterone into the more
potent dihydrotestosterone, was evaluated in mice. Animals were treated
for 21 days starting 1 week after the MI. Treatment with finasteride
reduced the development of systolic dysfunction, LV hypertrophy and
fibrosis compared with untreated animals [99].

As for non-pharmacological therapies, sex differences exist in the
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enrolment of patients for cardiac rehabilitation, which might be
explained by the higher age of women, the higher percentage of func-
tional dependence, and worse clinical performance at admission in
women. Nonetheless, cardiac rehabilitation programs reduce mortality
rates, rehospitalization and improve quality of life in both women and
men [100].

5. Conclusions

Men and women with STEMI show a similar incidence of LV
remodeling, although remodeling seems less pronounced in women.
This can be explained by a lesser activation of neuroendocrine axes and
of pathways promoting LV hypertrophy, fibrosis, inflammation and
apoptosis. Sex hormones, both estrogens and androgens, are likely to
play a crucial role. Future studies should define more clearly sex dif-
ferences on predictors of remodeling, its clinical correlates and prog-
nostic impact, as well as its pathophysiological mechanisms and the
existence of sex-specific therapeutic targets. This research line should
hopefully lead to an optimization of the management of the acute and
subacute phases of MI, possibly through differential therapeutic strate-
gies in men and women, with the goal of reducing the likelihood of
progression toward HF and improving patient outcomes.
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