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Negli ultimi 30 anni, i miglioramenti terapeutici hanno aumentato la sopravvivenza e
ridotto le ospedalizzazioni per i pazienti con HFrEF, ma i risultati spesso permangono
insoddisfacenti.
I dati europei più recenti (studio pilota ESC-HF) dimostrano che i tassi di mortalità per tutte
le cause a 12 mesi dei pazienti ospedalizzati e ambulatoriali sono rispettivamente del 17%
e del 7%, mentre i tassi di ospedalizzazione a 12 mesi sono rispettivamente del 44% e 32%.

La maggior parte dei decessi è
dovuta a cause
cardiovascolari, soprattutto
morte improvvisa e
peggioramento dell’HF.

7-17%

32-44%

a 12 mesi

a 12 mesi

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. EHJ (2016) 37 (27):2129-2200
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cause of cardiomyocyte dysfunction in truncating variants, but for missense variants the mechanisms
leading to cell dysfunction are more poorly understood19.
From the results of this paper13, the slightly different phenotypic expression is in line with possible
different molecular mechanisms underlying disease development from truncating rather than missense
variants. However, we are probably still far away from a truly personalized risk stratification (in Figure
3 and in Supplementary figures a relatively delayed onset is identified for some LMNA truncating
variants, as a relatively earlier onset is reported for missense ones).
These observations, as a whole, indicate the correct way to follow in personalizing risk stratification in
DCM: the independent variable should be the specific mutation, rather than any clustering attempt (i.e.
mutation type, mutation position, gene or gene clusters). These clusters, in fact, may help the clinician
get a rough orientation, but do not allow a truly personalized medicine. Multicenter studies are needed
to fill the gap in knowledge of the multiple and heterogeneous genotype-phenotype correlations
promoting the onset of DCM in mutation carriers, and Lamin A/C might represent, once again, the
starting point.
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PHYSIOLOGICAL BASES

Complex molecular mechanisms underlie this diverse pathological manifestation, from sex-determined differential geneexpression to sex hormones interaction with their specific receptors in different tissues. More recently, differential non-coding RNAs
regulation also turned out to be an involved mechanism. This review focuses on sex impact on the various heart failure
syndromes, including coronary artery disease, heart failure with preserved ejection fraction and with reduced ejection fraction,
with particular attention to dilated cardiomyopathy. Despite similar genetic predisposition in terms of identified causative
mutations, other causes, such as cardiotoxic drugs exposure or stress-induced cardiomyopathy, are more prevalent in women.
Beyond this, differencesin diseasepresentation and natural history reveal amoresevereclinical onset with otherwisebetter longterm outcomes in women compared to men. Understanding the varying characteristics of disease manifestation and outcomes is
warranted for a prompt and tailored treatment for both men and women. This is a mandatory step in the road to the personalized
medicine. Moreover, despite a higher enrollment in the last years, the under-representation of females in clinical trials is the first
obstacle to overcome in the long way to develop appropriate sex-based therapy approach.
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approximately 1–2% in adult population of western countries,
rising to ≥ 10% among people 70 years old. The lifetime risk
of HF at age 55 is 33% for men and 28% for women [1].
The actual classification of HF is based on left ventricular
ejection fraction (LVEF). Two main patterns of HF can be
described: HF with reduced ejection fraction (< 40%,
HFrEF), mostly linked to direct cellular injury (i.e., myocardial infarction, myocarditis, cardiomyopathies), and HF with
preserved ejection fraction (> 49%, HFpEF), often due to
chronic pressure overload (i.e., systemic hypertension, aortic
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EPIDEMIOLOGY
 N. 15,415 (3,357 women,

21,8%)

from PARADIGM and ATMOSPHERE
trials
 Outcome: first HF hospitalization or
CV death
 Follow-up duration: 26.6 months

 N. 42,987 patients (

37% females)

from Swedish Heart Failure Registry
 Outcome: all-cause death/HF
hospitalization
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CLINICAL FEATURES
 Age (w > m)

 CV diseases:

 Cardiovascular risk factors:

•

Valve disease (w > m)

•

Obesity (w > m)

•

Peripheral arterial disease (m > w)

•

Arterial hypertension (w > m)

•

CAD (m > w)

•

Diabetes (m > w)

•

Prior PCI/CABG (m > w)

•

Active/previous smoke (m > w)

•

Atrial fibrillation (m > w)

•

Alcohol consumption (m > w)

 Comorbidities:
•

CKD (w > m)

AGEING HEART

CLINICAL FEATURES

 NYHA Class (worse in women)
 Biomarkers (NT-proBNP) (higher in women)
 Quality of life (worse in women)

 ECG findings:
•

Heart rate (higher in women)

•

AF (w > m)

•

LBBB (w > m)

 Echo findings:
•

Ejection Fraction (higher in women)

PHARMACOLOGICAL TREATMENT
• Different drug bioavailability?
• Sex-specific amount and distribution of body fat?
• Different cytochrome-mediated metabolism and renal clearance?

E.g. higher plasma concentration of beta-blockers has been demonstrated in

women, as well as a greater digital or angiotensin-converting-enzyme inhibitors
toxicity or a greater susceptibility to malignant arrhythmias secondary to the
intake of antiarrhythmic QT-prolonging drugs.

WOMEN AND CLINICAL TRIALS
 Under-representation of women in RCTs (30%):
• Inclusion/exclusion criterias (age, eGFR)
• Burden of comorbidities

• Social factors

HFrEF:
THERAPY AND MANAGEMENT
Beta-blockers
ACE inhibitors

Spironolactone/Eplerenone
ICD/CRT

Ivabradine

Best management in HFrEF
LCZ696
Structured Follow-up

Early diagnosis

PHARMACOLOGICAL TREATMENTS
•

ACEi/ARBs (ARBs > ACEi in women: cough?)

•

Digoxin (w > m)

•

MRAs (w = m)

•

Diuretics* (relative underuse in women?)

•

Beta-blockers* (controversial)

•

VKA/DOACs (w < m)

NON-PHARMACOLOGICAL TREATMENT

32,3 ‰
8,6 ‰

102,2 ‰
38,4 ‰

NON-PHARMACOLOGICAL TREATMENT

NON-PHARMACOLOGICAL TREATMENT

In an analysis of the Medicare
Claims database:
women were 3 times less likely
than men to receive an ICD for
primary prevention
and 2,5 times less likely tha men to
receive an ICD for secondary
prevention !!!

No longer racial disparities… sex differences persisted
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Outcome: sex-related paradox?

Outcome: sex-related paradox?
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Shore S et al. JACC HF, 2015
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approximately 1–2% in adult population of western countries,
rising to ≥ 10% among people 70 years old. The lifetime risk
of HF at age 55 is 33% for men and 28% for women [1].
The actual classification of HF is based on left ventricular
ejection fraction (LVEF). Two main patterns of HF can be
described: HF with reduced ejection fraction (< 40%,
HFrEF), mostly linked to direct cellular injury (i.e., myocardial infarction, myocarditis, cardiomyopathies), and HF with
preserved ejection fraction (> 49%, HFpEF), often due to
chronic pressure overload (i.e., systemic hypertension, aortic
stenosis). In between there is a gap, and this has recently been
filled in the most recent guidelines with the introduction of a

 N. 881 patients with DCM (n. 290 women, 32,9%)
 Median follow-up: 59 months
 Endpoint:
•

Primary endpoint: all-cause mortality

•

Secondary endpoints: CV, non-sudden and sudden
cardiac death
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AZIENDA OSPEDALIERO – UNIVERSITARIA
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Ospedale di rilievo nazionale e di alta specializzazione
(D.P.C.M. 8 aprile 1993)
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 N. 1 113 patients with DCM (n. 333 women, 30%)

 BASELINE FEATURES:

 Median follow-up 126 months

• Women older than men

 Outcome:

• Sinus rhythm (w > m)

•

All-cause mortality/HTx/VAD

•

CV death/HTx/VAD

•

SCD/MVA

• Similar NYHA class, LVEF, Restrictive Filling
Pattern, moderate-to-severe RM, OMT
• LBBB (w > m)
• Moderate-to-severe LV dilation (w > m)
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Cannatà A. et al.
Canadian Journal of Cardiology (2019)

Yogasundaram H, et al. Battle of the Sexes: Differential Prognosis by
Sex in Dilated Cardiomyopathy, Canadian Journal of Cardiology (2019)

REVERSE REMODELING
ORIGINALARTICLES

Epidemiology BiostatisticsandPublicHealth-2017, Volume14, Number 3

FIGURE 1. Longitudinal trends during follow-up. Red lines are for females and black lines are for males. NYHA: New York Heart
Association class; LVEF: Left ventricular ejection fraction; LVEDD: Left ventricular end-diastolic diameter; LVEDV: left ventricular
end-diastolic volume; MR: mitral regurgitation; RFP: restrictive filling pattern.

TABLE 2. Events
All
( N = 803 )
Mean follow-up (months)
All cause mortality/ heart transplant n(%)

Males
Females
( N= 576, 72 % ) ( N=227, 28% )

108

108

108

233 (29%)

187 (32.5%)

46 (20.3%)

P value
(Kaplan- Meier)

0.001

REVERSE REMODELING AFTER CRT

Han et al. Plos One 2017

DCM: ETIOLOGICAL CLASSIFICATION

Merlo M et al. Eur J Heart Fail. 2018

STRESS-INDUCED CARDIOMYOPATHY
•
•
•
•
•
•
•

Reported by Japanese in 1990
“Broken heart”, apical ballooning, stress CM
Octopus trap appearance
Up to 90% women, age > 60
70% with Severe emotional stress
Troponin moderately elevated
Echo resolution within ~ 30 days
Rivera et al. Med Sci Monit, 2011;17(6):RA135-147

PERIPARTUM CARDIOMYOPATHY
• 1/4000 live US births
• 1 month pre or 5 months post-partum
• Increased maternal age, multiparity, multiple
gestations, preeclampsia/HTN
• 2.9x more likely in AA women
• ?viral, immune, stress, prolactin, tocolysis, hereditary
• Usual HF therapy, until resolved
• 4% need transplant
• Future pregnancies NOT recommended

CHEMOTHERAPY-INDUCED
CARDIOMYOPATHY
• Breast cancer most common malignancy
• Adriamycin
– Dose dependent cardiotoxicity (>450 mg/m2)
– Clinical HF in 2-7% of pts; increases over time

• Herceptin
– Reduces recurrence rate up to 50%
– CHF in 2-4%; up to 3-27% after combination
– Esp in pts with elevated troponin/BNP

• Cyclophosphamide, XRT

GENETIC DCM
Genetic DCM

Truly idiopathic DCM
Landmark Analysis at 120 months of Follow-up

P=0.040

P=0.020

Females
Males

P=0.450

Cannatà A, Merlo M, Mestroni L, Sinagra G et al. Preliminary data

ISCHEMIC HEART DISEASE

Total 775 patients 593 men + 182
women
182 matched men

Archives of Cardiovascular Disease (2015)
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approximately 1–2% in adult population of western countries,
rising to ≥ 10% among people 70 years old. The lifetime risk
of HF at age 55 is 33% for men and 28% for women [1].
The actual classification of HF is based on left ventricular
ejection fraction (LVEF). Two main patterns of HF can be
described: HF with reduced ejection fraction (< 40%,
HFrEF), mostly linked to direct cellular injury (i.e., myocardial infarction, myocarditis, cardiomyopathies), and HF with
preserved ejection fraction (> 49%, HFpEF), often due to
chronic pressure overload (i.e., systemic hypertension, aortic

HFpEF

Ziaeian and Fonarow, Nat Cardiol Rev. 2016

HFpEF
Characteristic
Age, y
Obesity*, %
Heart failure cause, % ischemic
Hypertension, %
Atrial fibrillation, %
Diabetes mellitus, %
Chronic obstructive pulmonary
disease, %
Smoking, %
NYHA class II/III/IV, %
Hospitalization in the last 6 mo, %
Ejection fraction, %
Minnesota living with heart failure
score
Median (Q1–Q3) NT-pro-BNP, pg/mL
Hemoglobin, g/dL
Anemia†, %
Chronic kidney disease‡, %
Medications
Loop diuretic, %
Thiazide diuretic, %
Spironolactone, %
Angiotensin-converting enzyme
inhibitor, %
Digoxin, %
β-Blocker, %
Antiarrythmic, %
Calcium channel blocker, %
Nitrate, %
Oral anticoagulant, %
Aspirin, %
Lipid lowering, %

Women (n=2491)
72±7
46
19
91
27
28

Men (n=1637)
71±7
35
34
85
33
27

P Value
<0.001
<0.001
<0.001
<0.001
<0.001
0.74

8

13

<0.001

9
20/77/2
44
61±9

32
22/75/3
45
58±9

<0.001
0.006
0.49
<0.001

45±21

39±21

<0.001

301 (126–897)
13.5±1.8
11
34

413 (155–1051)
14.5±1.9
16
26

<0.001
<0.001
<0.001
<0.001

51
41
15

53
34
17

0.08
<0.001
0.08

23

29

<0.001

12
59
8
42
25
55
52
28

16
59
11
37
30
64
59
35

0.006
0.93
0.003
<0.001
<0.001
<0.001
<0.001
<0.001

Lam C et al.
Circulation Heart Fail 2012

HFpEF
Event Rate Per 100
Patient-Years
Outcome
All-cause death
All-cause hospitalization or
death
Cardiovascular hospitalization
or death
Noncardiovascular
hospitalization or death
Heart failure hospitalization or
death
First all-cause hospitalization

Multivariable Analysis*

Women

Men

4.32

6.72

HR (95% CI),
Women vs Men
0.70 (0.59–0.83)

19.42

25.05

0.80 (0.72–0.89)

<0.001

11.76

15.97

0.81 (0.72–0.92)

0.001

9.89

12.40

0.78 (0.69–0.90)

<0.001

4.43

5.02

0.94 (0.77–1.14)

0.51

18.43

23.14

0.77 (0.66–0.89)

<0.001

PValue
<0.001

Lam C et al. Circulation Heart Fail 2012
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CONCLUSIONS
 Male sex is a negative predictive factor for both HFrEF and DCM (also after adjustment
for baseline features). Women present poorer outcome only post-MI HFrEF
 Additional years of life are of poorer quality in women
 Hurdles and challenges

o awareness of CV disease, aspecific symptoms, differences in access to healthcare,
less caregiver support or living alone, socio-economic and educational factors
o underrepresentention in RCTs
o undertreatment with implantable devices
o Sex-specific prognostic tools for different management
 No different therapy but need of different approach towards personalized medicine
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