University of Groningen

Sex differences in heart failure
Meyer, Sven

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Meyer, S. (2016). Sex differences in heart failure. [Thesis fully internal (DIV), University of Groningen].
Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 09-01-2023

__________________________________________________________
Sex Differences in Heart Failure.
ISBN: 978-90-367-9109-0

© Copyright 2016
All rights reserved.

Sex Differences in Heart Failure

Proefschrift
ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen	
 
op gezag van de
rector magnificus prof. dr. E. Sterken
en volgens besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op
woensdag 21 september 2016 om 11:00 uur

door

Sven Meyer
geboren op 27 oktober 1977
te Wildeshausen, Duitsland

Promotores
Prof. dr. A. A. Voors
Prof. dr. D. J. van Veldhuisen
Copromotor
Dr. P. van der Meer
Beoordelingscommissie
Prof. dr. I. C. van Gelder
Prof. dr. W. J. Paulus
Prof. dr. H. P. Brunner

Paranimfen
Dr. Mattia A. E. Valente
Dr. IJsbrand T. Klip

Contents

Chapter 1 ............................................................................................................................. 1
Introduction .................................................................................................................................. 1
Content of the thesis ................................................................................................................... 3

Chapter 2 ............................................................................................................................. 6
Sex differences in cardiomyopathies.
Meyer S, van der Meer P, van Tintelen JP, van den Berg MP.
Eur J Heart Fail. 2014;16:238-47.

Chapter 3 ........................................................................................................................... 39
Sex differences in new-onset heart failure.
Meyer S, Brouwers FP, Voors AA, Hillege HL, de Boer RA, Gansevoort RT, van der Harst P,
Rienstra M, van Gelder IC, van Veldhuisen DJ, van Gilst WH, van der Meer P.
Clin Res Cardiol. 2015;104:342-50.

Chapter 4 ........................................................................................................................... 63
Neurohormonal and clinical sex differences in heart failure.
Meyer S, van der Meer P, van Deursen VM, Jaarsma T, van Veldhuisen DJ, van der Wal MHL,
Hillege HL, Voors AA.
Eur Heart J. 2013;34:2538-47.

Chapter 5 ........................................................................................................................... 94
Sex-specific acute heart failure phenotypes and outcomes from PROTECT.
Meyer S, van der Meer P, Massie BM, O’Connor CM, Metra M, Ponikowski P, Teerlink JR,
Cotter G, Davison BA, Cleland JGF, Givertz MM, Bloomfield DM, Fiuzat M, Dittrich HC, Hillege
HL, Voors AA.
Eur J Heart Fail. 2013;15:1374-81.

Contents
Chapter 6 ......................................................................................................................... 115
Sex differences in early dyspnea relief between men and women hospitalized for acute heart
failure: insights from the RELAX-AHF study.
Meyer S, Teerlink JR, Metra M, Ponikowski P, Cotter G, Davison BA, Felker GM, Filippatos G,
Greenberg BH, Hua TA, Severin T, Qian M, Voors AA.

Chapter 7 ........................................................................................................................ 139
Summary and conclusions ..................................................................................................... 139
Conclusion ............................................................................................................................... 141
Perspective .............................................................................................................................. 142
Dutch Summary ....................................................................................................................... 145
Acknowledgements ................................................................................................................. 152
Bibliography ............................................................................................................................. 155
Curriculum vitae ...................................................................................................................... 158

Chapter 1

Chapter 1
Introduction
Biological differences between men and women, referred to as sex differences, have a profound
impact on the natural course of cardiovascular disease.1 Besides environmental, cultural-behavioral
factors, commonly known as gender effects, biological sex is a commonly underestimated
determinant of cardiovascular risk and the epidemiology and clinical phenotype of disease.2
Cardiovascular disease currently accounts for almost 40% of all deaths in European countries and
thus has enormous medical relevance.3 Historically, it has been perceived as more important in men
than women. This may be attributed to a common focus on the typical male disease pattern, as well
as the higher prevalence and mortality of coronary artery disease in men. This bias was termed the
„Yentl syndrome“4, a phrase which highlighted the under-diagnosis, under-treatment and the
paradoxically adverse outcomes of women with typically less obstructive coronary artery disease.
Within the cardiovascular disease spectrum, ischemic heart disease is the leading cause of death,
and indeed, despite rising awareness and improving outcomes it still carries considerably higher
death rates of all related forms in men over women.3 However, the clinical relevance in terms of
overall cardiovascular morbidity and mortality is increasing in women.3 Already in 2011, in absolute
numbers more women than men died of cardiovascular diseases across Europe.3
Heart failure is the clinical syndrome at the common end of the cardiovascular disease continuum.
It may result from different etiologies but in more than half of all patients, heart failure results from
myocardial ischemia and there are questions on how biological sex is related to heart failure.5 There
are currently more women than men suffering from heart failure and probably even more women will
be affected by heart failure in the future because of their longer life expectancy relative to men.6 Men
and women with heart failure share the same classic risk factors for cardiovascular disease but the
onset of ischemic heart disease occurs on average 7-10 years later in women compared with men.1
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This is closely related to the changing female sex hormone levels over lifetime, with major changes
occurring through menopause, leading to substantial epidemiological differences between both
sexes.7
Men with heart failure more often suffer from ischemic cardiomyopathy and have a history of previous
myocardial infarction whereas women are usually older and have typical co-morbidities, such as
hypertension, diabetes and atrial fibrillation.8 Differences in heart failure etiologies are associated
with characteristic types of remodeling and cardiac dysfunction, both of which show intimate relation
with sex.9 Accordingly, two different types of heart failure have been differentiated over the years:
heart failure with reduced ejection fraction (HFrEF) and heart failure with preserved ejection fraction
(HFpEF).10,11 A hallmark of HFpEF is diastolic dysfunction and characteristically, women are affected
by HFpEF more often than men.12 However, the underlying pathophysiology of HFpEF and its
relation to female sex are not well characterized.
Overall, most data on differences between men and women with heart failure are limited and biased,
because they derived from retrospective, mostly non-pre-specified subgroup analyses of
randomized controlled trials including only relatively small numbers of women. Furthermore, the
pathophysiological pathways underlying sex differences, as indicated by biomarkers of various
disease mechanisms have thus far not been adequately addressed to characterize the female heart
failure phenotype.

There is an unmet need to characterize the differences in clinical manifestation and outcome of heart
failure between men and women and potential underlying sex differences in pathophysiology.

2
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Content of the thesis
Following this introduction, Chapter 2 provides a review of sex differences of the various types of
cardiomyopathies, many of which occur with different prevalence, severity, and prognosis in men
and women, and may ultimately lead to heart failure.
In Chapter 3, the differences in new-onset heart failure between men and women are presented on
the basis of epidemiological data for the two different types of heart failure: HFpEF and HFrEF.
Chapter 4 deals with differences in the clinical characteristics, biomarkers levels and outcome
implications in men and women with chronic heart failure at discharge from hospitalization for acute
decompensation.
Chapter 5 builds on Chapter 4 in terms of validating the clinical phenotype of men and women with
chronic heart failure in a clinical trial cohort of acute heart failure patients with a focus on sex
differences in the clinical presentation, in-hospital treatment and post-discharge outcomes.
Finally, Chapter 6 presents an analysis of the difference in the improvement of dyspnea in women
versus men with acute heart failure.
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Abstract
Cardiomyopathies are a heterogeneous group of heart muscle diseases with a variety of specific
phenotypes. According to the contemporary European Society of Cardiology classification, they are
classified into hypertrophic (HCM), dilated (DCM), arrhythmogenic right ventricular (ARVC),
restrictive (RCM), and unclassified cardiomyopathies. Each class is aetiologically further categorized
into inherited (familial) and non-inherited (non-familial) forms. There is substantial evidence that
biological sex is a strong modulator of the clinical manifestation of these cardiomyopathies, and sexspecific characteristics are detectable in all classes. For the clinician, it is important to know the sexspecific aspects of clinical disease expression and the potential modes of inheritance or the
hereditary influences underlying the development of cardiomyopathies, since these may aid in
diagnosing such diseases in both sexes.
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Introduction
The importance of sex differences is gaining increasing attention in cardiovascular medicine.1
Various studies have demonstrated marked differences between males and females in ischaemic
heart disease, in terms of risk factors, aetiology, disease manifestation, diagnostic modalities, the
use and effectiveness of various therapies, and prognoses.2–4 Likewise, several studies have
revealed sex differences in heart failure5 and cardiac arrhythmias.6 This has led to worldwide
research and educational initiatives on the specific characteristics of cardiovascular disease in
women.7–9 In 2008, the Working Group of the European Society of Cardiology published a position
statement on the classification of cardiomyopathies.10 ‘Cardiomyopathy’ was defined as a myocardial
disorder in which the heart muscle is structurally and functionally abnormal, in the absence of
coronary disease, hypertension, and valvular and congenital disease sufficient to cause the
observed myocardial abnormality. The disease entity was classified into five distinct morphological
and functional phenotypes, as they present to the attending physician. Accordingly, the
cardiomyopathies are currently referred to as hypertrophic, dilated, arrhythmogenic right ventricular,
restrictive, or ‘unclassified’. Each phenotype can be subclassified into inherited (familial) and noninherited (non-familial) forms. Importantly, in this classification, hypertrophic cardiomyopathy (HCM)
merely refers to the phenotype of a hypertrophied left ventricle, routinely diagnosed by increased
wall thickness on an echocardiogram. Likewise, dilated cardiomyopathies merely refer to a
phenotype characterized by dilatation and reduced systolic function of the left ventricle, and the same
principle applies to the remaining three main cardiomyopathy types. Overall, this classification
provides a valuable framework for use in daily clinical practice when first confronted with a patient
who may be suffering from a cardiomyopathy. However, this phenotype-focused approach leaves
the specific underlying aetiology to be determined in any kind of cardiomyopathy. An increasing
body of data indicates that sex plays an important role in various forms of cardiomyopathy, in terms
of its prevalence, severity, and prognosis. Here we present an overview of the literature on sex
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differences in cardiomyopathies. For practical purposes, our overview does not cover very rare forms
of cardiomyopathies and is confined to those occurring in adult patients. Where a potential or more
definite biological explanation for a sex difference in cardiomyopathy is available, it will be
summarized.

Hypertrophic cardiomyopathy

Familial hypertrophic cardiomyopathy
This subgroup of cardiomyopathies comprises ‘true’ HCM but also other inherited cardiomyopathies
with LV hypertrophy: glycogen storage diseases, lysosomal storage diseases, familial transthyretinerelated

amyloidosis,

carnitine

deficiency,

syndromal

disorders,

and

mitochondrial

cardiomyopathies.10 For the latter two groups there are no known sex differences so far.

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy is the most common inherited cardiac disorder, with an estimated
prevalence of 1:500.11 It is characterized by LV hypertrophy, which usually affects the interventricular
septum (occasionally causing LV outflow obstruction) but may also affect other parts of the left
ventricle.12 At the histological level, the key findings are myocardial disarray and fibrosis. In the vast
majority of cases, HCM is due to a mutation in a gene encoding a component of the cardiac
sarcomere.13 Commonly involved genes are those encoding β-myosin heavy chain (MYH7), myosinbinding protein C (MYBPC3), and cardiac troponin T (TNNT2 and TNNI3), and these are detectable
in ∼75% of HCM patients.14,15 However, the relative frequencies of the genes or specific mutations
involved may differ across populations and the relationship between genotype and phenotype
varies.14 The mode of inheritance is autosomal dominant, which implies that equal numbers of males
and females are carriers of the underlying disease-causing mutation.11 However, there are
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phenotypic differences between the sexes. The largest study to date, by Olivotto et al.16 was in 969
consecutive patients with HCM; they showed a higher prevalence in males than females (3:2).
Interestingly, males were more often diagnosed fortuitously by routine medical examination than
females (41% vs. 23%), in whom the diagnosis was mainly established after onset or worsening of
cardiac symptoms or occurrence of cardiovascular events. In addition, the average age at diagnosis
was significantly lower in males than in females (38 ± 18 years vs. 47 ± 23 years). However, at
presentation, females were more symptomatic than males (NYHA class 1.8 ± 0.8 vs. 1.4 ± 0.6) and
more frequently showed LV outflow obstruction (37% vs. 23%). Moreover, female sex was
independently associated with the risk of symptom progression to NYHA class III/IV or even death
from heart failure or stroke. Essentially similar findings were reported in other studies,17–19 although
females were under-represented, generally presenting at an older age, with more symptoms than
males, and showing a more severe disease course. In order to delineate possible underlying
mechanisms, Schulz-Menger et al.20 performed a magnetic resonance imaging (MRI) study, using
the LV remodelling index (LV mass/LV end-diastolic volume). This index was comparable in males
and females with LV outflow obstruction, but, in patients without obstruction, females had a lower
remodelling index compared with males. Although the clinical implications of these findings are
currently uncertain, it shows that sex is associated with differences in LV remodelling in HCM.

Danon's disease
Danon's disease is a rare glycogen storage disorder21 caused by a deficiency of lysosomeassociated membrane protein 2 (LAMP2). This is due to mutations in LAMP2, the gene encoding
LAMP2, located on chromosome Xq24. A number of missense mutations, small deletions or
insertions, and splice site mutations have been reported. The precise function of LAMP2 is unknown,
but it is involved in lysosomal enzyme targeting, autophagy, and lysosomal biogenesis, and
deficiency leads to storage of glycogen in various tissues. Danon's disease is characterized by
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mental retardation, skeletal myopathy, and cardiomyopathy.22,23 Because it is an X-linked disorder,
males are primarily affected, but female (heterozygous) mutation carriers may also exhibit the
phenotype.21 Cardiomyopathy usually develops before 20 years of age in males and in adulthood in
females.21 The cardiomyopathy can be severe, with massive LV hypertrophy, and may be associated
with pre-excitation (Wolff–Parkinson–White syndrome), which is a discriminating feature from HCM.
The echocardiographic features are different between the sexes, with males predominantly showing
an HCM phenotype, whereas females show an equal prevalence of HCM and dilated
cardiomyopathy (DCM).24,25 The diagnosis is made by muscle biopsy, which shows intracytoplasmic
vacuoles containing autophagic material and glycogen. These vacuoles can also be found in
myocardial tissue. Detection of a mutation in LAMP2 confirms the diagnosis. However, the diagnosis
is usually established in teenage years in males, whereas females are diagnosed ∼15 years later.26

Fabry's disease
Fabry's disease is a rare disease, caused by storage of glycosphingolipids in various organs and
tissues due to a deficiency of the lysosomal enzyme α-galactosidase A (α-Gal A).27 The underlying
disorder is a mutation in GLA, the gene encoding α-Gal A, located on chromosome Xq22. More than
100 mutations have been reported, including missense, nonsense, or splice site mutations, and
insertions/duplications and deletions. The phenotype of this multisystem disease is usually
dominated by renal failure, neurological features (neuropathy), and skin abnormalities
(angiokeratoma, anhydrosis). In addition, the heart is often affected; LV hypertrophy may develop
due to myocardial deposition of glycosphingolipids, which is indistinguishable on a standard
echocardiogram from HCM, including septal hypertrophy and LV outflow tract obstruction. The
hypertrophy can be massive, with an LV wall thickness up to 30 mm. Short PR intervals are often
seen on ECGs (without pre-excitation). Fabry's disease is an X-linked disease, affecting
predominantly males, with females being carriers. Indeed, the clinical picture is far more pronounced
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in males, although females may show the phenotype,28 mostly characterized by neurological and
cardiac symptoms.29 In males with a suggestive phenotype, the diagnosis is made by demonstrating
low α-Gal A activity in leucocytes or plasma. In females, demonstration of a mutation in GLA is
required to confirm the diagnosis. Females usually show less progression of hypertrophy than
males,30 and it was recently suggested in an MRI study that replacement fibrosis may be a valid
screening tool in females as opposed to males in the early stages of Fabry's disease.31

Familial transthyretine-related amyloidosis
Familial transthyretine-related amyloidosis (ATTR) is a form of amyloidosis caused by mutated
transthyretine (or pre-albumin), leading to deposition of amyloid in various tissues and organs.32 The
underlying disorder is a autosomal dominant mutation of TTR, the gene encoding transthyretine.
More than 100 mutations in TTR have been reported, but there are several mutational hot spots,
with some populations having a high prevalence of certain mutations. For instance, in Portugal,
Sweden, and Japan, the prevalence of ATTR is relatively high, mainly due to a common mutation in
TTR leading to substitution of methionine to valine at position 30. The phenotype of ATTR is
dominated by neurological alterations (neuropathy), but cardiomyopathy is also a common finding.
However, several studies have shown that sex differences are present in both the occurrence of
cardiomyopathy and the degree of the hypertrophy. Males with ATTR more often exhibit
cardiomyopathy than females and have higher degrees of hypertrophy.33 It is noteworthy that postmenopausal females with ATTR have more hypertrophy than pre-menopausal females, whereas an
analogous age-related association is not present in males, implicating the influence of sex hormones.
Indeed, in a mouse model, 5α-dihydrotestosterone was a strong inducer of transthyretine
synthesis.33,34
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Carnitine deficiency
Carnitine deficiency is a rare, autosomal recessive disorder, caused by mutations in SLC22A5, which
encodes a sodium-dependent carnitine transporter protein involved in cellular carnitine uptake.
Carnitine deficiency leads predominantly to metabolic or cardiac disease manifestations, including
cardiomyopathy.35 Although typically occurring in childhood, the onset of disease may vary and,
rarely, the disease may also present in adulthood.36 The disease is diagnosed preferentially in
females, probably because of intensified screening activities in the mothers of infants with the
disease.36,37

Non-familial hypertrophic cardiomyopathy
This subgroup of cardiomyopathies comprises non-inherited forms of LV hypertrophy, such as those
seen in the setting of athletic training (athlete's heart), obesity, and non-familial amyloidosis. No sex
differences have been reported regarding the cardiomyopathies associated with obesity and amyloid
light-chain (AL) amyloidosis.

Athlete's heart
It is well established that athletic training may lead to cardiac remodelling, both electrophysiologically
and structurally. Depending on the training intensity and duration, the size of the cardiac cavities
often increases, in particular that of the left ventricle. In addition, LV wall thickness may eventually
reach the level of LV hypertrophy. However, this remodelling process mainly affects males; at a
comparable training intensity and duration, male athletes, on average, develop a higher degree of
LV hypertrophy than females.38,39 The hypertrophy is occasionally hard to distinguish from
pathological hypertrophy caused by HCM. Importantly, in the athlete's heart, the diastolic function
usually remains largely intact, yet subtle changes may occur, in particular in male athletes.40 In
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addition, recent evidence also suggests that athletic training may lead to adverse right ventricular
remodelling, even towards a right ventricular cardiomyopathy phenotype.41

Senile systemic amyloidosis
The non-familial form of transthyretine amyloid deposition (wild-type) is referred to as senile systemic
amyloidosis (SSA) and nearly exclusively affects the heart of elderly people.32 Notably, SSA mainly
occurs in males, suggesting a role for the sex hormones. Indeed, Goncalves et al.42 demonstrated
the effects of androgens and oestrogens on the expression of transthyretine in the liver of mice,
which translated into a rise of transthyretine protein levels in the peripheral circulation. Importantly,
5α-dihydrotestosterone appeared to be a stronger inducer of transthyretine than 17β-oestradiol. The
slow, life-long decrease in testosterone synthesis in males might serve to explain the predominant
prevalence of SSA seen in elderly males42 compared with the lesser incidence seen in females, with
their rather steep pre-menopausal decrease in testosterone levels and their post-menopausal
oestradiol withdrawal.

Dilated cardiomyopathy

In at least one-third of the patients with idiopathic DCM, familial occurrence can be noted, pointing
to inherited disease.43,44 Familial DCM mainly comprises autosomal dominant forms, caused by
mutations in several different genes coding for the cytoskeleton, sarcomeric protein/Z-band, nuclear
membrane, and intercalated disc proteins. In addition, there are a few X-linked forms, some of which
are associated with muscular dystrophies, and other forms seen in mitochondriopathies and inherited
metabolic disorders. Duchenne and Becker muscular dystrophies are the most common forms of
myopathies, and they frequently show cardiac involvement.45,46 Both muscular dystrophies are
caused by mutations in DMD, the gene encoding dystrophin, which is a protein in the sarcolemma
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linking the cytoplasm and extracellular matrix. Mutations in DMD result in either no functional
(Duchenne) or inadequate (Becker) dystrophin production, leading to structural instability of the
muscle cell membrane and muscle degeneration. Because of the compensatory function of the
second, non-mutated X-chromosome in females, they have a lower chance of disease manifestation,
but may also express the disease phenotype,47 probably due to random X-chromosome inactivation
or a gene dosage effect.48 In general, familial DCM primarily affects males, with a reported
male/female ratio of up to 1.5:1,49 despite the usual mode of inheritance, which is autosomal
dominant.50 Herman et al.51 reported on various mutations in TTN, the gene encoding the sarcomeric
protein titin, in 312 patients with idiopathic DCM, which underlies the DCM phenotype in ∼25% of
cases. Interestingly, almost all patients developed DCM after the age of 40 years (full penetrance),
and adverse DCM events, such as cardiac transplantation, implantation of an LV assist device, and
cardiac death, occurred significantly earlier in males than in females carrying the TTN mutations.
Likewise, Van Rijsingen et al.52 observed sex differences in 269 patients with DCM due to mutations
in the lamin A/C gene (LMNA). Males significantly more often developed relevant reduction of LVEF,
malignant ventricular arrhythmias, and end-stage heart failure compared with females, and mortality
was also higher in males. The molecular mechanism for the sex difference was established by
Arimura et al.53 who proved direct involvement of the androgen receptor and its co-activators in a
mouse model, demonstrating testosterone effects on gene/protein expression and morphological
disease expression.

Non-familial dilated cardiomyopathy
This subgroup comprises a variety of disorders, including cardiomyopathies due to myocarditis,
alcohol abuse, peripartum cardiomyopathy, autoimmune diseases, drug toxicity, nutritional
deficiencies, and tachycardia (tachycardiomyopathy). For the latter four disorders, no sex differences
in the prevalence and severity of cardiomyopathy have been reported so far. In particular,
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autoimmune diseases (e.g. Kawasaki disease and Churg–Strauss syndrome) are generally more
common in females, but there are no data on cardiac involvement in established cases being
different between the two sexes.

Myocarditis
Myocarditis is a common cause of DCM and may arise from infective, toxic, or immune sources. The
involved pathogenetic pathways are known to be modulated by sex hormones, resulting in
differences between the sexes in their cardiac response to inflammatory injury.50 Indeed, mouse
models show that myocarditis occurs more often in male than in female mice, and also that it is more
severe in male mice.54,55 These findings are in accordance with observational studies in humans that
show a higher prevalence in males.56–59

Alcohol-induced cardiomyopathy Excessive alcohol consumption is myotoxic through various
mechanisms60 and associated with the development of cardiomyopathy.61 In experimental studies
on the effect of alcohol on cardiomyocytes, male animals showed more functional and structural
myocardial impairment while female animal hearts were less affected.62,63 However, in humans,
females seem to have a higher sensitivity to the cardiotoxic effects of ethanol than males.64,65
Urbano-Márquez et al.61 demonstrated that there was no difference in the prevalence of DCM
between the sexes, but females required a lower total lifetime dose of ethanol to develop the disease.

Peripartum cardiomyopathy
By its very nature, peripartum cardiomyopathy is a form of DCM confined to females.65 It typically
occurs between the last month before childbirth and the first 5 months thereafter.66 Although the
exact aetiology remains to be fully elucidated, Hilfiker-Kleiner et al. have identified a central
pathophysiological role for the hormone prolactin in an animal model of peripartum cardiomyopathy,
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and have introduced bromocriptine, a dopamine D2 receptor agonist, as a potential cure.67 More
specifically, their findings suggest that peripartum oxidative stress triggers the proteolysis of prolactin
into a smaller 16 kDa fragment, which in turn has detrimental proinflammatory, antiangiogenic, and
proapoptotic effects.68 Of note, the occurrence of peripartum cardiomyopathy in families with DCM,
the presence of DCM in family members of patients with peripartum cardiomyopathy, and the
identification of mutations in these families suggest a role for genetic factors and raise the likelihood
that peripartum cardiomyopathy can be an ‘unmasked’ form of familial DCM.69–71

Arrhythmogenic right ventricular cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is characterized by global or regional right
ventricular dysfunction, which is caused by progressive right ventricular adipose and fibrous
replacement of the myocardium. Besides histological proof of these structural changes, which may
also affect the left ventricle, the diagnosis is based on functional abnormalities, including conduction
disturbances and arrhythmias, in addition to the presence of right ventricular dysfunction.10 In >50%
of cases, ARVC can also be found in relatives, pointing to inherited disease in the majority of cases.
Inheritance of ARVC is predominantly autosomal dominant, involving various genes encoding
intercalated disc proteins, such as plakophilin and other proteins of the cardiac desmosomes.72 In
addition, mutations in genes encoding non-desmosomal proteins can be involved, including
transforming growth factor-β3, the cardiac ryanodine receptor, tmem43, titin, α-catenin, desmin, and
phospholamban.73 However, autosomal recessive transmission has also been described related to
mutations in genes encoding plakoglobin and desmoplakin.74 Sex differences in the prevalence,
phenotypes, and clinical courses of ARVC have been described. It is more prevalent in males than
females, with an approximate ratio of 3:1.75 In a group of 171 consecutive ARVC patients, Bauce et
al.76 found more severe disease expression in males than females, as indicated by larger right
ventricular volumes, lower right ventricular EF, and more severe LV involvement. Moreover, ECG
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abnormalities typical for ARVC and late potentials were more common in male than in female
patients, which is consistent with more severe disease. Hodgkinson et al.77 reported on the impact
of implantable cardioverter-defibrillator (ICD) therapy in patients with a specific form of familial ARVC
(ARVD5). In a group of 48 subjects at 50% a priori risk of inheriting ARVC (as defined by clinical,
pedigree, and/or haplotype data), more males were classified as high risk, based on clinical events
of sudden cardiac death or ventricular tachycardia, and the relative risk of early death was
significantly higher in males than in females,77 which is in line with other reports.78,79 Bhonsale et al.80
reported on 215 patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy-associated
mutations and found male sex to be an independent predictor of the first arrhythmic event on
multivariable analysis. Finally, Merner et al.81 identified the missense mutation in transmembrane
protein 43 (TMEM43 c.1073C > T, p.S358L) as the cause of this fully penetrant, lethal form of ARVC.
They also observed far more serious early events, such as heart failure and death, in males, which
again clearly indicates an influence of sex. The cause of these sex differences in ARVC is unknown,
but it has been shown that strenuous physical exertion in susceptible mice may elicit ARVC, and
differences in physical exercise between males and females might thus play a role.82

Restrictive cardiomyopathy

Restrictive cardiomyopathy (RCM) refers to cardiomyopathy with the presence of restrictive
ventricular physiology at normal or reduced ventricular volumes (systolic and/or diastolic of one or
both ventricles), and normal wall thickness.10

Familial restrictive cardiomyopathy
Restrictive cardiomyopathy rarely occurs as a familial disease, but it can result from autosomal
dominant, autosomal recessive, or X-linked inheritance. In most cases, transmission is autosomal
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dominant, involving mutations in TNNI383 or DES66,67 encoding troponin I and desmin,84,85
respectively, the latter also being associated with conduction disorders and skeletal myopathy.86,87
Infrequently, inheritance is autosomal recessive, for instance in the case of hereditary
haemochromatosis being due to a mutation in HFE, the gene encoding human haemochromatosis
protein, and leading to storage of iron in the myocardium. Reports on sex differences in familial
RCM are scarce. Ammash et al.88 reported on the experience of the Mayo Clinic in a group of 94
patients with idiopathic RCM, of whom 61% were females. Interestingly, despite the higher
occurrence in the females, they showed significantly better survival than the males. However,
Rivenes et al.89 described a higher incidence of sudden cardiac death in girls with RCM.

Non-familial restrictive cardiomyopathy
Non-familial RCM mainly results from secondary endomyocardial or myocardial effects from various
origins. The final common pathway is fibrotic tissue remodelling of the endocardium, such as is
typical for endomyocardial fibrosis, hypereosinophilic syndrome, scleroderma, carcinoid heart
disease, or anticancer therapies (radiation and cytostatic drugs). However, non-familial (AL/prealbumin) amyloidosis and metastatic cancer infiltration of the myocardium may also result in RCM.
A small, retrospective, single-centre study reported on a sample of 17 patients referred for surgery
from 1971 to 1995 for endomyocardial fibrosis, and indicated that endomyocardial fibrosis was more
common in females than in males.90 However, no sex differences are known for hypereosinophilic
syndrome, scleroderma, or carcinoid heart disease, nor for AL amyloidosis, in which cardiac
involvement seems to be nearly equally distributed in both sexes.33 Finally, RCM may also be due
to radiation to the chest. Although there is substantial exposure bias (radiation to the chest being
more common in females because of breast cancer), it is still not known whether RCM due to
radiation is more common in females.
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Unclassified cardiomyopathies

Familial unclassified forms
Non-compaction cardiomyopathy is a rare, structural myocardial disorder of acquired or congenital
origin, characterized by prominent trabeculations and recesses in the LV walls. Non-compaction
cardiomyopathy is often familial, and different genes are involved, in particular MYH7 and MYBPC3,
which are also implicated in HCM.10 In infants, X-linked inheritance may occur; however, an
autosomal dominant pattern of inheritance is detectable in most adult non-compaction
cardiomyopathy patients.91 In a retrospective, single-centre study in 100 patients, Stöllberger et al.92
described a higher prevalence of non-compaction cardiomyopathy in males, whereas females had
more extensive disease. The outcomes were, however, comparable between males and females.

Non-familial unclassified forms
Tako-Tsubo cardiomyopathy (or ‘stress cardiomyopathy’) is an abrupt, transient, LV apical
ballooning syndrome, mimicking myocardial infarction despite normal coronaries on angiography.10
The pathogenesis of this relatively frequent disorder seems to be catecholamine-driven, transient
myocardial dysfunction, and Tako-Tsubo cardiomyopathy usually has a benign prognosis.93
Interestingly, Tako-Tsubo cardiomyopathy occurs preferentially in females, in particular postmenopausal females.94,95 Although disease presentation has been reported to be similar between
the sexes, Tako-Tsubo cardiomyopathy is more often triggered by emotional stressors in females
and physical stressors (e.g. severe pain or acute illness) in males.96 In the case of a physical
stressor, clinical disease manifestation is usually more severe, with shock or cardiac arrest,97 which
might point to a biologically less well-established physical stress resistance in male than in female
hearts.98 The pathophysiological explanation for the epidemiological and clinical sex differences in
Tako-Tsubo cardiomyopathy is unclear, but sex differences in the response to various kinds of
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myocardial stress have been well established experimentally and suggest that sex hormones have
some influence.99 Accordingly, Brenner et al.100 analysed the levels of sex hormones in postmenopausal women with Tako-Tsubo cardiomyopathy and age-matched females, with and without
myocardial infarction, and found significantly higher oestrogen levels at hospital admission in TakoTsubo cardiomyopathy patients.

Discussion

Cardiomyopathies constitute a group of disorders encompassing a wide variety of specific diseases,
but the available evidence indicates that significant sex differences are present in many
cardiomyopathies. The most salient findings are summarized in Table 1. Although it is hard to
generalize, hypertrophic and arrhythmogenic forms of cardiomyopathies appear to be more
prominent in males, in terms of both prevalence and severity, whereas in dilated forms of
cardiomyopathy the distribution varies depending on the specific (genetic) subtype. For example,
DCM due to myocarditis or familial disease is more prominent in males, but females more often
suffer from Tako-Tsubo cardiomyopathy. In addition, peripartum cardiomyopathy is an established
form of DCM in females. Although the causes of sex interaction with the manifestation of
cardiomyopathy are diverse and individual, several factors may play a role, some of which we have
already alluded to above.
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Table 1. Sex characteristics and differences between cardiomyopathies
Table11 Sex
Sex characteristics
characteristics and
and differences
Table
differences between
betweencardiomyopathies
cardiomyopathies

Males
Females
...........................................................................................................................................

Danon’s disease (X-linked)
Fabry’s disease (X-linked)
Familial transthyretine-related
amyloidosis (autosomal
dominant)
Carnitine deficiency
(autosomal recessive)
Non-familial
Athlete’s heart
Senile systemic amyloidosis
Dilated cardiomyopathy
Familial
DCM (mainly autosomal
dominant, occasionally X-linked)
Non-familial
Myocarditis
Alcohol-induced cardiomyopathy
Peripartum cardiomyopathy
Arrhythmogenic right ventricular
cardiomyopathy (mainly
autosomal dominant,
occasionally autosomal recessive)
Restrictive cardiomyopathy
Familial (autosomal dominant,
autosomal recessive or X-linked)
Non-familial
Unclassified
Familial
Left ventricular non-compaction
(mainly autosomal dominant,
occasionally X-linked)
Non-familial
Tako-Tsubo cardiomyopathy

Higher prevalence
Primarily affected, onset before adulthood
Primarily affected, more severe manifestation
Higher prevalence, more hypertrophy

Older at diagnosis, more outflow obstruction,
worse symptoms (progression)
Onset in adulthood
Usually mild manifestation
More hypertrophy in post-menopause

Rare

Preferentially diagnosed

Higher prevalence, more hypertrophy
Higher prevalence, predominantly in elderly

Rare
Rare

Higher prevalence, more severe manifestation,
and worse outcome
Higher prevalence, more severe manifestation
Higher prevalence
Higher prevalence, more severe manifestation

Earlier manifestation
Exclusively in females
ICDs
effective
ICDs more
(probably)
less effective

Better survival

Higher prevalence
Related to endomyocardial fibrosis

Higher prevalence

First, the mode of inheritance may affect the sex ratio of
cardiomyopathy
manifestation.
In a may
subset
of familial
First, the mode
of inheritance
affect
the sexcardiomyratio of
opathies,
the
mode
of
inheritance
is
X-linked
recessive,
i.e. the
cardiomyopathy manifestation. In a subset of familial cardiomycausative the
genemode
is located
on the X-chromosome.
As a result,i.e.
these
opathies,
of inheritance
is X-linked recessive,
the
cardiomyopathies primarily affect males: examples are the muscausative
gene is located on the X-chromosome. As a result, these
cular dystrophies (Becker’s disease and Duchenne’s disease) and
cardiomyopathies primarily affect males: examples are the musmetabolic disorders (Danon’s disease and Fabry’s disease). Remarkcular dystrophies (Becker’s disease and Duchenne’s disease) and
ably, females may also suffer from X-linked cardiomyopathies,
metabolic disorders (Danon’s disease and Fabry’s disease). Remarkalthough the signs and symptoms are usually only mild at most. This
ably, females may also suffer from X-linked cardiomyopathies,
is due to random inactivation of the X-chromosome or just a gene
although the signs
and symptoms are usually only mild at most. This
dosage effect.48,101 However, in most familial forms of cardiomyopais due to random inactivation of the X-chromosome
or just a gene
thy, the inheritance is autosomal dominant,10 which should theoretdosage effect.48,101 However, in most familial forms of cardiomyopaically result in a balanced sex distribution. Since
this
is
not the case
thy, the inheritance is autosomal dominant,10 which should theoretin several forms of these cardiomyopathies, we infer that other,
ically result in a balanced sex distribution. Since this is not the case
non-genetic factors must be involved.
in several forms of these cardiomyopathies, we infer that other,
non-genetic factors must be involved.

Typical regional affection, more extensive
disease

Higher prevalence, predominantly in
post-menopause

. . . . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ............. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . .

Hypertrophic cardiomyopathy
Familial
HCM (autosomal dominant)
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less fibrosis
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as slower progression to heart failure compared with males.105
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Several studies have suggested a modifying role of the inter-105
as slower progression to heart failure compared with males.
relationship between oestrogen106,107 and testosterone,108 which
Several studies have suggested a modifying role of the intercan also be concluded from the considerably
lower prevalence of
relationship between oestrogen106,107 and testosterone,108 which
cardiovascular disease in general in pre-menopausal compared with
can also be concluded from the considerably lower prevalence of
post-menopausal females and the earlier onset of cardiovascular
cardiovascular disease in general in pre-menopausal compared with
disease in males.109 Although the efficacy of hormone replacement
post-menopausal females and the earlier 110
onset of cardiovascular
therapy is still a matter
of clinical research, the sex hormonal
disease in males.109 Although the efficacy of hormone replacement
(patho)physiological mechanisms are well established
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therapy is still a matter of clinical research,110 the sex hormonal
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First, the mode of inheritance may affect the sex ratio of cardiomyopathy manifestation. In a subset
of familial cardiomyopathies, the mode of inheritance is X-linked recessive, i.e. the causative gene
is located on the X-chromosome. As a result, these cardiomyopathies primarily affect males:
examples are the muscular dystrophies (Becker's disease and Duchenne's disease) and metabolic
disorders (Danon's disease and Fabry's disease). Remarkably, females may also suffer from Xlinked cardiomyopathies, although the signs and symptoms are usually only mild at most. This is due
to random inactivation of the X-chromosome or just a gene dosage effect.48,101 However, in most
familial forms of cardiomyopathy, the inheritance is autosomal dominant,10 which should theoretically
result in a balanced sex distribution. Since this is not the case in several forms of these
cardiomyopathies, we infer that other, non-genetic factors must be involved. Secondly, sex
hormones seem to have profound effects on the prevalence and severity of cardiomyopathies. It is
well established in different animal models that the response to volume- or pressure-induced
myopathic stress is different in male and female hearts.102–104 Females show a different remodelling
pattern, with less fibrosis and more hypertrophy and preserved EF, as well as slower progression to
heart failure compared with males.105 Several studies have suggested a modifying role of the interrelationship between oestrogen106,107 and testosterone,108 which can also be concluded from the
considerably lower prevalence of cardiovascular disease in general in pre-menopausal compared
with post-menopausal females and the earlier onset of cardiovascular disease in males.109 Although
the efficacy of hormone replacement therapy is still a matter of clinical research,110 the sex hormonal
(patho)physiological mechanisms are well established and also influence the manifestation of
cardiomyopathies.99,111 Oestrogen was thus shown to be involved in calcium handling and the
metabolism of glucose, fatty acids, and nitric oxide, as well as extracellular matrix turnover, in
different models of cardiomyopathies, together amounting to a protective effect from oestrogens in
females in the setting of hypertrophy and heart failure.99 However, Haines et al.112 also demonstrated
increased mortality of phyto-oestrogen-fed male mice in an HCM model, suggesting adverse effects
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of oestrogen in HCM. The role of oestrogen in the pathogenesis of cardiomyopathy is particularly
obvious in Tako-Tsubo cardiomyopathy, which occurs almost exclusively in post-menopausal
women. Through effects on myocardial norepinephrine and calcium handling, with reduction of
intracellular calcium accumulation, high oestrogen levels seem to protect pre-menopausal women
against an overwhelming cardiomyopathic stress response.113,114 The effects of testosterone on the
manifestation of cardiomyopathies are less well established. Thirdly, gender effects may confound
sex differences in cardiomyopathies. Whereas sex refers to biological differences between males
and females, gender refers to the identity and behavioural aspects of differences between the sexes,
and is subject to socio-cultural and psychological influences. In the general context of cardiovascular
disease, it has been shown that females are more hesitant in seeking medical help in the case of
symptoms compared with males, and that physicians are perhaps less willing to perform diagnostic
and therapeutic procedures in females. It is readily conceivable that this also applies to subjects with
a possible cardiomyopathy, in particular since many of these disorders are rare and symptoms and
signs are often non-specific. As a result, differences between males and females in terms of disease
manifestation may thus be either ‘artificially’ enlarged or obscured.

Conclusion
The manifestations of many cardiomyopathies are influenced by sex. In the diagnostic work-up of a
subject presenting with a possible cardiomyopathy, the clinician should be aware of this issue. In
addition, the patient's sex is also relevant for the therapeutic management and prognosis in the case
of established disease. However, there are still many unanswered questions, and further research
is clearly needed; in particular, the modifying role of sex hormones needs to be fully elucidated, as
well as gender issues.
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Abstract
Background
Sex differences in patients with established heart failure have been well described, but much less is
known in the development of heart failure.
Methods
We studied sex-specific incidence and risk of new-onset heart failure in 8592 subjects (mean age
49.2 ± 12.7 years; 50.1 % women) of the Prevention of REnal and Vascular ENdstage Disease
(PREVEND) study and distinguished reduced and preserved ejection fraction (HFrEF <40 % and
HFpEF >50 %).
Results
Of 374 cases with incident heart failure, 241 (64.4 %) occurred in men and 133 (35.6 %) in women
(median follow-up 12.5 years; 96,550 person-years). Men developed heart failure earlier (7.0 vs. 8.6
years; P < 0.001). Incidence rates per 1,000 person-years in women compared to men were lower
for HFrEF (1.2 vs. 3.0 %; P < 0.001), but higher for HFpEF (1.2 vs. 0.7 %; P < 0.001). Women
developed HFpEF later in life than HFrEF (75.1 vs. 69.7 years; P = 0.033), while men showed no
significant difference (72.2 vs. 69.5 years; P = 0.116). Multivariable competing risks analyses
showed that women had lower risk for HFrEF (subhazard ratio = 0.47; 95 % CI 0.29–0.76, P = 0.002)
but higher risk for HFpEF (subhazard ratio = 2.16; 95 % CI 1.21–3.83, P = 0.009) than men. Among
all risk factors, only atrial fibrillation had a sex-specific predictive value and increased risk specifically
for women (P-for interaction = 0.016).
Conclusions
In a middle-aged population, men developed heart failure more frequently and at a younger age than
women. However, women had higher risk for HFpEF, with atrial fibrillation being a specific female
risk factor.
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Introduction
Sex differences in patients with established heart failure have been well described. Women with
heart failure are typically older, have a higher body mass index and left ventricular ejection fraction,
show a higher prevalence of hypertension and diabetes, but have lower mortality, independently of
differences in clinical characteristics.1,2 In patients with established heart failure, there are
fundamental sex differences related to heart failure etiology and cardiac remodeling, which translate
into differences in the prevalence of heart failure with preserved or reduced ejection fraction (HFrEF
or HFpEF, respectively).3 In most cross-sectional studies, HFrEF is more common in men while
HFpEF more frequently affects women,4 but the results are biased by sex differences in life
expectancy. However, sex differences in the development of heart failure have been less well
described. Clinical predictors of new-onset heart failure were studied in the Framingham Heart
Study.5 Male sex was an independent risk factor for the development for HFrEF, but this study was
not specifically designed to evaluate sex differences in the onset of heart failure. The specific role of
sex in the development of HFpEF is less clear and the knowledge about sex differences in risk
factors for incident HFrEF and HFpEF in the general population is limited. The aim of this study was
to analyze sex differences related to the new-onset of heart failure.

Materials and methods

Study design and population
The Prevention of REnal and Vascular ENdstage Disease (PREVEND) cohort was used for the
current study, the design and main results of which have been published previously.6,7 Briefly,
PREVEND is a prospective, observational cohort study including 8,592 subjects (baseline mean age
49.2 ± 12.7 years; range 28–75 years) from the general population, which primarily addresses the
impact of albuminuria on future cardiovascular and renal disease (http://www.prevend.org). A total
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of 85,421 residents of the city of Groningen, The Netherlands, were approached between 1997 and
1998 and asked to provide a first morning urine sample and complete a short questionnaire on
demographics and cardiovascular disease history. In total, 40,856 subjects (47.8 %) responded;
30,890 subjects with urinary albumin excretion (UAE) ≥10 mg/L and 9,966 subjects with UAE <10
mg/L. Subjects with insulin-dependent diabetes mellitus, pregnancy and inability or unwillingness to
participate were excluded. In total, 6,000 subjects with a morning UAE ≥10 mg/L and 2,592 randomly
chosen subjects with a UAE <10 mg/L were eligible and completed the screening assessments.
These 8,592 subjects comprise the study cohort, with available information on cardiovascular and
renal risk factors, anthropometrics and blood and urine samples. The study was approved by the
Ethics Committee and complies with the Declaration of Helsinki guidelines. Written informed consent
was obtained from all patients.

Follow-up and definitions
Follow-up ranged from the baseline visit to occurrence of heart failure, up to December 31, 2010.
Study participants were censored on the dates of either moving away to an unknown location or last
study visit, whichever occurred first. Date and cause of death were retrieved from Statistics
Netherlands, applying the 10th revision of the International Classification of Diseases (ICD-10)
diagnostic codes. For the current analyses 23 patients with previous heart failure were excluded,
leaving 8,569 subjects for the analysis of new-onset heart failure. The procedure of identification and
adjudication of heart failure in PREVEND have previously been published.8 In brief, clinical records
of all subjects were analyzed retrospectively spanning over baseline and follow-up. They were
screened for documented signs, symptoms, and objective evidence of heart failure applying the
European Society of Cardiology diagnostic criteria for chronic heart failure.9 An endpoint adjudication
committee independently evaluated all suspicious 586 cases (case by case validation based on
anonymized clinical charts, hospitalization-, and physician office records) and determined 374
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subjects with ‘definite new-onset heart failure’. For these subjects heart failure was further
categorized based on left ventricular ejection fraction and diastolic dysfunction, as either HFrEF
(LVEF <40 %) or HFpEF (LVEF >50 %), respectively, based on the clinically documented
echocardiographic data at the time of diagnosis. Of the 374 subjects diagnosed with heart failure,
those with LVEF of 41–49 % (n = 8) were excluded to ensure a clear distinction between both entities,
as previously described. Atrial fibrillation was diagnosed if either atrial fibrillation or atrial flutter was
present on a standard 12-lead electrocardiogram (ECG) obtained and stored digitally at the
screening visit.10 All ECGs were manually pre-evaluated by two independent investigators, and
suspected cases identified by one or both investigators were independently manually verified and
adjudicated by two cardiologists. Systolic blood pressure (SBP) was defined as the mean of the last
two measurements of both baseline visits, measured using an automatic Dinamap XL Model 9300
series device. The glomerular filtration rate (eGFR) was estimated using the simplified modification
of diet in renal disease formula.11 Body mass index (BMI) was defined as body weight divided by
height squared (kg/m2). History of myocardial infarction was defined as a self-reported condition,
requiring hospitalization for at least 3 days. Type 2 diabetes was defined as fasting plasma glucose
>7.0 mmol/L (126 mg/dL), nonfasting plasma glucose >11.1 mmol/L, or use of anti-diabetic drugs.
Smoking was defined as current nicotine use or smoking cessation for <1 year. Total cholesterol to
high-density lipoprotein cholesterol (TC/HDL-C) ratio was defined as ratio between those
parameters. Left ventricular hypertrophy was defined based on the presence of high-amplitude R
waves combined with indicators of repolarization abnormalities (Minnesota Codes12 3.1, 3.3 and 4.1–
4.3 or 5.1–5.3) and left bundle branch block was defined as QRS duration >120 ms, on standard 12lead ECGs. Alcohol consumption was defined as any self-reported alcohol intake. Antihypertensive
therapy was defined based on self-reported use of drugs with Anatomical Therapeutic Chemical
(ATC) Classification System codes C02, C03, C07, C08, C09. Urinary albumin excretion was defined
as the average urinary albumin concentration measured in two consecutive 24-h urine collections.
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Menstruation status and the history of hypertension and/or diabetes during pregnancy were retrieved
from a standardized questionnaire at baseline.

Statistical analyses
By design, subjects with increased urinary albumin excretion (≥0.10 mg/L) are overrepresented in
the PREVEND cohort, compared to a random sample from the general population. Statistical
weighting was used to adjust for this overrepresentation, allowing estimates to be made for the
general population.13 Baseline PREVEND study sample data and inferential descriptive statistics for
both sexes on the general population level are provided for the development of heart failure and
mortality.14 We analyzed the incidence rates and cumulative incidence of overall heart failure by sex
and additionally assessed disparities between HFrEF and HFpEF. Differences in incidence rates
and cumulative incidence were tested, using the method proposed by Pepe and Mori15 for the latter.
Competing risks regression analyses using the Fine and Grey method were performed to assess the
sex-specific probability for either heart failure sub-entity in relation to pre-established explanatory
variables, accounting for incident non-heart failure-related death and the respective other type of
heart failure, whichever occurred first.16 Age was used as the time scale for analyses.17 We assessed
the proportionality of hazard assumption for each covariate by plotting the scaled Schoenfeld
residuals against log time. In sensitivity analyses, we allowed each covariate to have time-dependent
effects by testing the influence of the respective interaction terms with log time on the sex difference
between HFrEF and HFpEF, to rule out the influence of time-varying effects. The explanatory
multivariate models consisted of the following pre-established risk factors for heart failure: sex, body
mass index, systolic blood pressure, estimated glomerular filtration rate, atrial fibrillation, diabetes,
history of myocardial infarction, smoking, total cholesterol to high-density lipoprotein cholesterol
ratio, left ventricular hypertrophy, alcohol consumption, left bundle branch block, antihypertensive
therapy, urinary albumin excretion, accounting for the effect of age by modeling on the age scale.
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Covariates were tested for their interaction with sex in the multivariable models. Statistical analyses

Clin Res Cardiol (2015) 1
were performed using STATA (version 11.0, STATA Corp, College Station, TX, USA). Two-sided P
values <0.05 were considered statistically significant.

Results

Table 1 Baseline differen
between women and men
and without general new-o
heart failure

Epidemiological characteristics
In total, of 374 subjects, who developed new-onset heart failure during median follow-up of 12.5
(12.2–12.9) years (96,550 person-years), 241 (64.4 %) were men and 133 (35.6 %) were women.
Baseline differences in new-onset heart failure between women and men are presented in Table 1
and data stratified by HFrEF and HFpEF for both sexes are shown in Table 2; corresponding
epidemiological heart failure characteristics are presented in Table 3.

Data are presented as
percentages (%) unless
otherwise indicated
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Baseline differences between women and men with and without general new-onset heart failure

erences
men with
ew-onset

s

en, $
ndle
Kidney
ality

Men

Women

HF
# vs. $
P value

No HF

New-onset
HF

No HF

New-onset
HF

4,028

241

4,167

133

Age (years)

49.6 ± 12.8

62.2 ± 9.5

47.6 ± 12.1

62.1 ± 9.8

Caucasians

95

97

96

98

0.297

Body mass index (kg/m2)

26.2 ± 3.6

28.0 ± 3.9

25.8 ± 4.7

29.0 ± 5.6

0.022

Systolic blood pressure
(mmHg)

133.1 ± 18.1

146.4 ± 21.0

123.7 ± 20.3

146.9 ± 25.9

0.818

LBBB, QRS duration [120 ms

8

21

2

8

0.002

Left ventricular hypertrophy

3

5

2

4

0.588

Atrial fibrillation

1

6

0.3

6

0.936

Diabetes mellitus

5

12

4

15

0.468

Myocardial infarction

6

31

4

16

0.002

Renal impairment (KDOQI
stage B3)

4

10

7

18

0.026

Hypercholesterolaemia

27

44

25

53

0.076

Smoking or quit \1 year

38

38

38

38

0.931

Alcohol consumption

83

77

67

51

\0.001

Antihypertensive medication

13

42

12

45

0.302

n
Clinical characteristics

0.964

Data are presented as percentages (%) unless otherwise indicated HF heart failure, ♂ men, ♀ women,
LBBB left bundle branch block, KDOQI Kidney Disease Outcomes Quality Initiative

ariate analyses of both heart failure subhat female sex was less associated with
(subhazard ratio = 0.47; 95 % CI
002), but independently related to newhazard ratio = 2.16; 95 % CI 1.21–3.83,
accounting for the competing risks of
her type of heart failure and all-cause

significantly related to the development of heart failure in
women (Table 4). After multivariate adjustment only
postmenopausal status was significantly associated with the
incidence of overall heart failure in women.

y model for HFrEF revealed that age,
dial infarction, history of smoking, syse and BMI were significantly related to
of HFrEF, while age, urinary albumin
brillation, BMI, and left bundle branch
cantly related to the development of

Our results show significant epidemiological differences in
the development of heart failure between women and men.
In addition to the finding that heart failure develops more
often and earlier in men compared to women we were able
to demonstrate that sex predisposes differently to HFrEF
and HFpEF, independently of conventional cardiovascular
risk factors. Women have a higher risk for the development
of HFpEF but a lower risk for the development of HFrEF46
than men. These results point toward an underlying biologic sex difference as an important contributing factor in 46
the pathogenesis of HFrEF and HFpEF. Notably, among all
risk factors, only atrial fibrillation had a sex-specific pre-

ysis of these conventional risk factors
al fibrillation as a risk marker for the
FpEF in women, but not in men (P-for
6), while the other risk factors did not
ssociations with sex for the development
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Baseline differences between women and men with and without new-onset HFrEF and HFpEF

Baseline
differences
between
women
andand
men
new-onset
HFrEF
HFpEF
Table 2 Baseline
differences
between
women
menwith
withand
and without
without new-onset
HFrEF
andand
HFpEF
Men

n

Women

No HF

HFrEF

HFpEF

No HF

HFrEF

HFpEF

4,032

177

60

4,171

64

65

49.7 ± 12.8
95

62.2 ± 9.6
97

62.1 ± 9.5
95

47.6 ± 12.1
96

60.7 ± 11.2
98

63.4 ± 8.0
100

HFrEF

HFpEF

# vs. $
P value

# vs. $
P value

Clinical characteristics
Age (years)
Caucasians (%)

0.306
0.579

0.422
0.068

Body mass index (kg/m2)

26.2 ± 3.6

27.9 ± 3.7

27.8 ± 4.2

25.8 ± 4.7

28.1 ± 5.2

29.9 ± 5.9

0.790

0.028

Systolic blood pressure
(mmHg)

133.1 ± 18.1

145.6 ± 21.2

147.9 ± 20.6

123.7 ± 20.3

145.6 ± 23.2

150.2 ± 28.4

0.635

0.618

LBBB, QRS duration
[120 ms (%)

8

24

10

2

14

3

0.088

0.114

Left ventricular
hypertrophy (%)

3

6

2

2

5

3

0.654

0.607

Atrial fibrillation (%)

1

7

5

0.3

6

6

0.884

0.779

Diabetes mellitus (%)

5

9

18

4

21

8

0.019

0.081

Myocardial infarction (%)

6

32

27

4

21

13

0.097

0.041

Renal impairment
(KDOQI stage B3) (%)

4

9

12

7

22

14

0.007

0.742

Hypercholesterolaemia
(%)
Smoking or quit \1 year
(%)

27

46

36

25

56

48

0.177

0.173

38

43

27

38

46

31

0.639

0.613

Alcohol consumption (%)

83

75

81

67

48

55

\0.001

0.002

Antihypertensive
medication (%)

16

43

54

14

55

50

0.137

0.635

Data
asaspercentages
(%)
unless
indicated.
Data are
are
presented
percentages
(%)
unless
otherwise
indicated indicated.
Data
arepresented
presented
as percentages
(%)otherwise
unless
otherwise
HF heart failure, HFrEF heart failure with reduced ejection fraction, HFpEF heart failure with preserved ejection fraction, ♂ men, ♀ women,
HF
heart
failure,
HFrEF
heart heart
failurefailure
with reduced
ejection fraction,
heartHFpEF
failure with
preserved
fraction, #ejection
men, $ women,
HF
heart
failure,
HFrEF
with
reduced
ejectionHFpEF
fraction,
heart
failureejection
with preserved
LBBB left bundle branch block, KDOQI Kidney Disease Outcomes Quality Initiative.
LBBB
left bundle
branch
block, KDOQI
Disease
Outcomes
Quality
Initiative
fraction,
♂ men,
♀ women,
LBBB Kidney
left bundle
branch
block,
KDOQI
Kidney Disease Outcomes Quality Initiative.

dynamic of sex hormones [18]. This leads to higher rates of
coronary artery disease, myocardial infarction, higher total
incidence of heart failure and earlier and higher mortality
in men [19]. However, ischemic heart disease manifests
differently in women compared to men [19]. Additionally,
women show characteristic cardiovascular risk factors,
structural changes and comorbidities, most of which
become clinically relevant with advanced age and do not
necessarily coincide with impaired LVEF, but more often
with diastolic dysfunction [20–23].
Sex differences in the risk for HFPEF vs. HFREF
Various studies have indicated that among patients treated
for heart failure a reduced EF is more common in men
compared with women, who often have a preserved EF
[24]. However, it remains unclear whether sex is involved
in the pathogenesis of either disease entity as an independent factor, or whether HFrEF and HFpEF merely reflect a
sex-related accumulation of comorbidities and cardiovascular risk factors. Previous studies had limitations in their
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ability to assess independent effects of sex on the development of either HFrEF or HFpEF by design and the lack
of relevant confounding variables [25, 26]. Overall, these
studies exhibit substantial heterogeneity of the applied
HFrEF and HFpEF criteria, study size, socio-demographic
characteristics and methodology. While these populationbased data confirm an association between male sex,
myocardial infarction and HFrEF, and between female sex,
age and HFpEF, the effect of sex on the incidence of heart
failure over time is much less clear.
Ho et al. [5] studied predictors of new-onset heart failure
in 6,340 subjects (54 % women) in the Framingham Heart
Study, focusing on differences between preserved versus
reduced ejection fraction. HFrEF and HFpEF were diagnosed in 261 (56 %) and 196 (43 %) subjects, respectively,
based on interim panel evaluation of the FHS criteria following initial HF hospitalization. They identified 14 independent predictors, including only male sex. Men had
increased risk for incident HFrEF, with previous myocardial infarction being the strongest predictor. HFPEF
occurred as frequently in men as in women, and the risk for
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Table 3 Epidemiological characteristics of incident heart failure

Variable

Men

Women

P value

Overall HF

241 (5.6)

133 (3.1)

\0.001

HFrEF

177 (4.1)

64 (1.5)

\0.001

HFpEF

60 (1.4)

65 (1.5)

0.682

Events, n (%)

Incidence rates per 1,000 person-years [95 % CI]a
Overall HF

3.7 [3.1–4.5]

2.4 [1.9–3.1]

\0.001

HFrEF

3.0 [2.4–3.7]

1.2 [0.8–1.7]

\0.001

HFpEF

0.7 [0.5–1.1]

1.2 [0.8–1.7]

\0.001

Time to new-onset, years (IQR)
Overall HF

7.0 (3.6–10.5)

8.6 (5.5–10.5)

\0.001

HFrEF
HFpEF

6.3 (3.3–10.1)
9.0 (4.5–11.1)

7.4 (4.0–9.7)
9.2 (7.5–10.9)

\0.001
0.934

Age at the time of diagnosis, years (IQR)
Overall HF

71.3 (64.9–76.3)

72.7 (64.4–77.9)

\0.001

HFrEF

70.9 (64.4–76.0)

69.6 (61.1–76.1)

\0.001

HFpEF

72.8 (66.0–77.4)

74.4 (66.5–78.8)

0.272

HF
HFrEF
heart
failure
with reduced
ejectionejection
fraction,fraction,
HFheart
heartfailure,
failure,
HFrEF
heart
failure
with reduced
HFpEF
failure
withwith
preserved
ejection
fraction,
HFpEFheart
heart
failure
preserved
ejection
fraction, n number, CI
n number, CI confidence interval, IQR interquartile range.
aconfidence interval, IQR interquartile range
Accounting for the urinary albumin excretion strata sampling weights
a

Accounting for the urinary albumin excretion strata sampling
weights

Fig. 2 Cumulative incidence of HFrEF and H
HFPEF heart failure with preserved ejection fr
failure with reduced ejection fraction

younger on average, had longer per-perso
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information on valvular heart disease.
are important, because age and followaffect sex differences in the occurrence
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periods implies altered underlying prev
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have a higher underlying burden of dia
and adverse remodeling 48
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Overall, heart failure developed earlier in men compared to women, and men were younger at the
time of diagnosis (Fig. 1).

Figure 1
Cumulative incidence of general new-onset heart failure in both sexes

Analyses of HFrEF and HFpEF showed that among women, HFrEF and HFpEF occurred in similar
proportions, while men more often showed HFrEF compared to HFpEF. The time to diagnosis of
HFrEF was significantly longer in women compared to men, whereas no significant difference was
detected for HFpEF. However, women developed HFpEF significantly later in life than HFrEF (P =
0.033), while no age difference was detectable for men (P = 0.116). In women, the inferred incidence
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rates per 1,000 person-years were significantly lower for HFrEF (P < 0.001), but significantly higher
for HFpEF (P < 0.001) compared to men, respectively. Likewise, women had a significantly lower
cumulative incidence of HFrEF (P = 0.037) but no significant sex difference in the cumulative
incidence of HFpEF was detectable (P = 0.318) (Fig. 2).

Figure 2
Cumulative incidence of HFrEF and HFpEF in both sexes.

HFPEF heart failure with preserved ejection fraction, HFREF heart failure with reduced ejection fraction
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The probabilities of both heart failure entities along with the competing risk of preceding death are
shown in Fig. 3.

Figure 3

Fig. 4 Multivariable
association of individual
predictors with overall heart
failure by sex

Stacked cumulative incidents of competing events by sex.

medical attention more often than
symptom intensity [31].
However, this statistical interact
with caution, due to the chance of h
interaction. Considering the know
differences
between both sexes, th
HFPEF heart failure with preserved ejection fraction, HFREF heart failure with reduced
ejection fraction
these results currently remains uncl
research on this subject.

Strengths
andand
limitations
Sex-specific associations of established risk factors with general new-onset
heart failure
newonset HFrEF and HFpEF The explanatory multivariate risk factor-adjusted model revealed different

A particular strength of our study i
community-based
cohort w
independent associations of risk factors for new-onset heart failure in men rary,
and women
(Fig. 4).
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Figure 4
Multivariable association of individual predictors with overall heart failure by sex

an men because of higher

complete per-person follow-up and a relatively low mean
age. A variety of conventional risk factors were analyzed,
action must be interpreted
allowing comparison with other studies. Additionally, we
In men,
age, body mass
index,
pressureand
andahistory
myocardial
of having found
a spurious
assessed
thesystolic
risk ofblood
menopause
historyof of
diabetes infarction were
known pathophysiological
hypertension
in women.
significant predictorsand
of new-onset
heartduring
failure;previous
in women,pregnancies
age, body mass
index, atrial fibrillation,
, the clinical relevance of
All HFrEF and HFpEF diagnoses were independently
history of
myocardial
infarction, by
antihypertensive
therapy andbased
urinary
nclear, but justifies
further
adjudicated
an endpoint committee
on albumin
the cur- excretion were
rently recommended ESC criteria [9], including available
significantly related to new-onset heart failure, respectively.
echocardiographic data at the time of diagnosis, what
provides an up-to-date differentiation between both disease
entities. Additionally, two independent cardiologists adjuStratified multivariate
analyses
of bothprevalence
heart failureof
sub-entities
revealed that
female sex was less
dicated
baseline
atrial fibrillation.
Methoddy is the large, contempoological strengths of our study are the competing risk
associated with new-onset HFrEF (subhazard ratio = 0.47; 95 % CI 0.29–0.76, P = 0.002), but
with long and mostly
regression methodology, which accounts for the fact that
independently related to new-onset HFpEF (subhazard ratio = 2.16; 95 % CI 1.21–3.83, P = 0.009)
when accounting for the competing risks of developing the other type of heart failure and all-cause
mortality. The explanatory model for HFrEF revealed that age, history of myocardial infarction,
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history of smoking, systolic blood pressure and BMI were significantly related to the development of
HFrEF, while age, urinary albumin excretion, atrial fibrillation, BMI, and left bundle branch block were
significantly related to the development of HFpEF. Interaction analysis of these conventional risk
factors revealed only atrial fibrillation as a risk marker for the development of HFpEF in women, but
not in men (P-for interaction = 0.016), while the other risk factors did not show differential
associations with sex for the development of HFrEF.

Menopause- and pregnancy-related risk factors in women
Postmenopausal status and hypertension during pregnancy had univariate association with overall
incident heart failure, while parity, and diabetes during pregnancy were not significantly related to
the development of heart failure in women (Table 4). After multivariate adjustment only
postmenopausal status was significantly associated with the incidence of overall heart failure in
women.

Table 4

5) 104:342–350
Women-specific risk factors for the incidence of heart failure

ific risk
ce of heart

EF heart
jection
failure
n fraction,
nificant

HFrEF

Women

HFpEF

349

Overall HF

Menstruation, n (%)
Yes

13 (20.6)

7 (10.8)

20 (15.2)

No, since a few months

1 (1.6)

2 (3.1)

3 (2.3)

No, since 1–2 years

2 (3.2)

0

2 (1.5)

No, since 3–5 years

2 (3.2)

2 (3.1)

4 (3.0)

No, since 6–10 years
No, for longer than 10 years
Hypertension during pregnancy, n (%)
Diabetes during pregnancy, n (%)

4 (6.4)

10 (15.4)

41 (65.1)

44 (67.7)

88 (66.7)

28 (44.4)

36 (56.3)

65 (50.0)

1 (0.8)

0

Association with HF
Univariate

Multivariate

\0.001

\0.001

0.002

n.s.

n.s.

n.s.

15 (11.4)

1 (0.8)

HF heart failure, HFrEF heart failure with reduced ejection fraction, HFpEF heart failure with preserved ejection fraction,
n number, n.s. non-significant test result

nces depend on the competing risks of
use and developing the respective other
pe.
lude a substantial predominance of
precludes generalizability to other ethf data on 53
baseline valvular heart disease.
riched for increased urinary albumin

Givertz MM, Bloomfield DM, Fiuzat M, Dittrich HC, Hillege
HL, Voors AA (2013) Sex-specific acute heart failure phenotypes
and outcomes from PROTECT. Eur J Heart Fail 15:1374–1381
3. Piro M, Della Bona R, Abbate A, Biasucci LM, Crea F (2010)
53
Sex-related differences in myocardial remodeling. J Am Coll
Cardiol 55:1057–1065
4. Lam CS, Donal E, Kraigher-Krainer E, Vasan RS (2011) Epidemiology and clinical course of heart failure with preserved
ejection fraction. Eur J Heart Fail 13:18–28
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Discussion
Our results show significant epidemiological differences in the development of heart failure between
women and men. In addition to the finding that heart failure develops more often and earlier in men
compared to women we were able to demonstrate that sex predisposes differently to HFrEF and
HFpEF, independently of conventional cardiovascular risk factors. Women have a higher risk for the
development of HFpEF but a lower risk for the development of HFrEF than men. These results point
toward an underlying biologic sex difference as an important contributing factor in the pathogenesis
of HFrEF and HFpEF. Notably, among all risk factors, only atrial fibrillation had a sex-specific
predictive value and increased the risk in women but not in men.

Development of heart failure in men and women
Cardiovascular risk is usually more pronounced and has an earlier onset in men compared to
women, which is commonly explained by secondary effects of a different dynamic of sex hormones.18
This leads to higher rates of coronary artery disease, myocardial infarction, higher total incidence of
heart failure and earlier and higher mortality in men.19 However, ischemic heart disease manifests
differently in women compared to men.19 Additionally, women show characteristic cardiovascular risk
factors, structural changes and comorbidities, most of which become clinically relevant with
advanced age and do not necessarily coincide with impaired LVEF, but more often with diastolic
dysfunction.20–23

Sex differences in the risk for HFPEF vs. HFREF
Various studies have indicated that among patients treated for heart failure a reduced EF is more
common in men compared with women, who often have a preserved EF.24 However, it remains
unclear whether sex is involved in the pathogenesis of either disease entity as an independent factor,
or whether HFrEF and HFpEF merely reflect a sex-related accumulation of comorbidities and
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cardiovascular risk factors. Previous studies had limitations in their ability to assess independent
effects of sex on the development of either HFrEF or HFpEF by design and the lack of relevant
confounding variables.25,26 Overall, these studies exhibit substantial heterogeneity of the applied
HFrEF and HFpEF criteria, study size, socio-demographic characteristics and methodology. While
these population-based data confirm an association between male sex, myocardial infarction and
HFrEF, and between female sex, age and HFpEF, the effect of sex on the incidence of heart failure
over time is much less clear.
Ho et al.5 studied predictors of new-onset heart failure in 6,340 subjects (54 % women) in the
Framingham Heart Study, focusing on differences between preserved versus reduced ejection
fraction. HFrEF and HFpEF were diagnosed in 261 (56 %) and 196 (43 %) subjects, respectively,
based on interim panel evaluation of the FHS criteria following initial HF hospitalization. They
identified 14 independent predictors, including only male sex. Men had increased risk for incident
HFrEF, with previous myocardial infarction being the strongest predictor. HFPEF occurred as
frequently in men as in women, and the risk for HFpEF was not different in both sexes. When
comparing our results with the Framingham Heart Study data, particular important cohort-specific
and methodological differences should be considered. Subjects in the Framingham Heart Study were
older, had shorter per-person follow-up and stem from different sub-cohorts spanning several
decades. Importantly, valvular heart disease was the strongest predictor for HFpEF in the
Framingham Heart Study. In PREVEND, subjects were about 10 years younger on average, had
longer per-person follow-up, stem from a single contemporary cohort, but lack baseline information
on valvular heart disease. These differences are important, because age and follow-up time strongly
affect sex differences in the occurrence of heart failure events of both types; likewise, the difference
in calendar periods implies altered underlying preventive measures, etiologic factors and
management of relevant comorbidities, all affecting the risk for heart failure. Furthermore, we
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accounted for the natural sex difference in mortality with increasing age by considering preceding
all-cause mortality a competing risk for developing heart failure.

Sex differences in cardiovascular risk factors
Interaction analyses of individual covariates with sex in the fully adjusted multivariable models
showed that atrial fibrillation had a different association with the incidence of HFpEF in both sexes;
it predicted new-onset HFpEF in women, but not in men. A potential explanation for this sex
difference could be that subjects with atrial fibrillation may have a higher underlying burden of
diastolic dysfunction and adverse remodeling of the left atrium and ventricle.27 In women with atrial
fibrillation, sex-specific structural and functional characteristics may translate to a higher degree to
clinically manifest HFpEF.28 Women usually show a typical concentric remodeling pattern, compared
to the more eccentric remodeling in men.3 Additionally, aortic stiffness29 and impairment of
cardiovascular coupling30 are typically more pronounced in women. In atrial fibrillation women
normally present with higher heart rates than men,31 what further limits diastolic filling time and may
worsen symptoms in women. Women with atrial fibrillation have been shown to seek medical
attention more often than men because of higher symptom intensity.31
However, this statistical interaction must be interpreted with caution, due to the chance of having
found a spurious interaction. Considering the known pathophysiological differences between both
sexes, the clinical relevance of these results currently remains unclear, but justifies further research
on this subject.

Strengths and limitations
A particular strength of our study is the large, contemporary, community-based cohort with long and
mostly complete per-person follow-up and a relatively low mean age. A variety of conventional risk
factors were analyzed, allowing comparison with other studies. Additionally, we assessed the risk of
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menopause and a history of diabetes and hypertension during previous pregnancies in women. All
HFrEF and HFpEF diagnoses were independently adjudicated by an endpoint committee based on
the currently recommended ESC criteria,9 including available echocardiographic data at the time of
diagnosis, what provides an up-to-date differentiation between both disease entities. Additionally,
two independent cardiologists adjudicated baseline prevalence of atrial fibrillation. Methodological
strengths of our study are the competing risk regression methodology, which accounts for the fact
that cumulative incidences depend on the competing risks of dying from any cause and developing
the respective other heart failure subtype. Limitations include a substantial predominance of
Caucasians, which precludes generalizability to other ethnicities, and lack of data on baseline
valvular heart disease. Our cohort is enriched for increased urinary albumin excretion and for this
reason we corrected for study design using statistical weighting. However, compared with the
Framingham Heart Study, urinary albumin excretion was not higher in PREVEND, and the incidence
of all-cause mortality and new-onset heart failure is comparable to that in unselected general
population studies.

Conclusions
In a contemporary, middle-aged general population cohort, we showed that men develop heart
failure more frequently and at a younger age than women, and that biological sex is independently
and differentially associated with new-onset HFrEF and HFpEF. Men show a significantly higher rate
and a higher risk of HFrEF, while women tend to have a higher adjusted rate and risk of developing
HFpEF. Atrial fibrillation was risk factor for HFpEF in women but not in men.
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Abstract
Aims
Despite disparities in pathophysiology and disease manifestation between male and female patients
with heart failure, studies focusing on sex differences in biomarkers are scarce. The purpose of this
study was to assess sex-specific variation in clinical characteristics and biomarker levels to gain
more understanding of the potential pathophysiological mechanisms underlying sex differences in
heart failure.
Methods and results
Baseline demographic and clinical characteristics, multiple biomarkers, and outcomes were
compared between men and women in 567 patients. The mean age of the study group was 71 ± 11
years and 38% were female. Women were older, had a higher body mass index and left ventricular
ejection fraction, more hypertension, and received more diuretic and antidepressant therapy, but
less ACE-inhibitor therapy compared with men. After 3 years, all-cause mortality was lower in women
than men (37.0 vs. 43.9%, multivariable hazard ratio = 0.64; 95% confidence interval 0.45–0.92, P
= 0.016). Levels of biomarkers related to inflammation [C-reactive protein, pentraxin 3, growth
differentiation factor 15 (GDF-15), and interleukin 6] and extracellular matrix remodelling (syndecan1 and periostin) were significantly lower in women compared with men. N-terminal pro-brain
natriuretic peptide, TNF-αR1a, and GDF-15 showed the strongest interaction between sex and
mortality.
Conclusion
Female heart failure patients have a distinct clinical presentation and better outcomes compared
with male patients. The lower mortality was independent of differences in clinical characteristics, but
differential sex associations between several biomarkers and mortality might partly explain the
survival difference.
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Introduction
Heart failure (HF) is a clinical syndrome that affects both men and women. Although the total number
of men and women living with heart failure is similar,1 female patients are underrepresented in clinical
studies in heart failure.2,3 Therefore, evidence relating to pathophysiology, aetiology, clinical
presentation, treatment, and outcome is predominantly based on data from male patients.4 A few
major pharmacological and device trials in heart failure patients have performed sex-specific
analyses. In contrast to patients with cardiovascular disease, these trials consistently reported an
independent survival benefit for women.5–8 Sex-specific analysis of the Candesartan in Heart failure
assessment of Mortality and Morbidity (CHARM)6 trial showed that differential survival is
independent of age, left ventricular ejection fraction (LVEF) and the cause of heart failure. Sexdependent differences in survival were also recently demonstrated in the Multicenter Automatic
Defibrillator Implantation Trial with Cardiac Resynchronization Therapy (MADIT-CRT),8 with women
more frequently showing reverse cardiac remodelling. However, the basic biological mechanisms
related to the sex difference with regard to outcomes have not been properly addressed, despite
known pathophysiological disparities involving inflammation and remodelling.9 We hypothesized that
sex-specific differences in mortality are associated with disparities in biomarkers indicative of
inflammation and remodelling. We performed sex-specific analyses on the variation in basic
demographic and clinical characteristics, clinical outcomes, and levels of different biomarkers of
inflammation, oxidative stress, remodelling, and cardiomyocyte stretch in a large number of heart
failure patients.

Methods
Study design and population
The Coordinating study evaluating Outcomes of Advising and Counseling in Heart failure (COACH)
data set was used. COACH was a multicentre, randomized, controlled, nurse-led disease
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management intervention trial testing whether follow-up by a cardiologist or basic or intensive
additional support by a heart failure nurse improve outcomes in patients hospitalized with heart
failure. No reduction of the combined endpoints of death and heart failure-related hospitalizations
were seen with any intervention compared with the standard follow-up. Rationale, design, and
detailed results have previously been reported elsewhere.10–14 The original COACH study included
1023 patients shortly before discharge following a heart failure hospitalization. Patients with the full
continuum of LVEF were enrolled. This study refers to the subset of 567 patients from the COACH
cohort, in whom samples for biomarker analysis were obtained.

Study measures and laboratory tests
The primary outcome measure for the present analyses was all-cause mortality within ∼3 years (up
to 1124 days). Secondary outcome variables were time to death or heart failure hospitalization and
the number of days lost to death or hospitalization at 18 months. All other data were obtained at
index hospitalization. Heart Failure with preserved Ejection Fraction was defined by LVEF ≥50%.
The CES-D score15,16 was used for the assessment of depression with a score ≥16 indicating
depressive symptoms; the quality of life was quantified using the Minnesota Living with Heart Failure
questionnaire (MLHFQ).17 Post hoc analyses of biomarkers encompassed the markers displayed in
Table 2. Biomarker analysis was performed using the following commercial assays: C-reactive
protein, pentraxin 3 (PTX3), growth differentiation factor 15 (GDF-15), myeloperoxidase (MPO),
galectin 3, syndecan-1, periostin, ST-2, tumour necrosis factor alpha (TNF-α), TNF-αR1a,
osteopontin, RAGE, angiogenin, endothelial cell-selective adhesion molecule (ESAM), cystatin C,
and neutrophil gelatinase-associated lipocalin (NGAL) were measured by Alere San Diego, Inc., San
Diego, CA, USA, using competitive enzyme-linked immunosorbent assays (ELISAs) on a Luminex®
platform. Transforming growth factor-beta (TGF-β) and vascular endothelial growth factor (VEGF)
were analysed using a quantitative multiplexed sandwich ELISA system, SearchLight® proteome
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Methods

Total cohort (n 5 567)

Male (n 5 351)

Female (n 5 216)

P-value

...............................................................................................................................................................................
Demographics and HF characteristics
Age, mean + SD, years

71.0 + 11.0

69.9 + 10.6

72.7 + 11.4

0.004

Left ventricular EF, mean + SD, %
Preserved EF, n (%)

32.5 + 14.0
70 (15.2)

31.0 + 13.0
34 (11.8)

34.9 + 15.3
36 (20.9)

0.004
0.008

Ischaemic aetiology, n (%)

232 (40.9)

168 (47.9)

64 (29.6)

0.000

Duration of HF, median (IQR)
Anaemia, n (%)

112 (22–1401)
118 (37.8)

123 (23–1336)
50 (26.2)

84 (21– 1447)
68 (56.2)

0.770
0.000

NYHA class (II/III/IV), %

5.0/54.7/40.3

6.0/53.7/40.3

3.3/56.3/40.4

0.345

MLHF Questionnaire, median (IQR)

45.0 (28.0– 60.0)

45.0 (28.0–61.0)

46.0 (29.0–59.0)

0.936

77.4 + 16.8
27.1 + 5.5

80.5 + 16.1
26.7 + 4.8

72.2 + 16.7
27.9 + 6.6

0.000
0.020

Systolic blood pressure, mean + SD, mmHg

118.2 + 21.2

116.7 + 20.6

120.6 + 21.9

0.034

Ankle oedema, n (%)

359 (64.5)

214 (62.2)

145 (68.1)

0.160

Hypertension
Diabetes

240 (42.3)
173 (30.5)

135 (38.5)
96 (27.4)

105 (48.6)
77 (35.7)

0.018
0.037

Atrial fibrillation or flutter

261 (46.0)

166 (47.3)

95 (44.0)

0.442

Chronic obstructive pulmonary disease
Depression (CES-D score ≥6)

159 (28.0)
208 (39.3)

111 (31.6)
123 (37.1)

48 (22.2)
85 (42.9)

0.016
0.189

ACE-inhibitor

286 (50.4)

189 (53.9)

97 (44.9)

0.039

Angiotensin receptor blocker
Beta-blocker

71 (12.5)
250 (44.1)

45 (12.8)
161 (45.9)

26 (12.0)
89 (41.2)

0.784
0.277

Spironolactone

166 (29.3)

92 (26.2)

74 (34.3)

0.041

Diuretic
Digoxin

438 (77.3)
146 (25.8)

258 (73.5)
90 (25.6)

180 (83.3)
56 (25.9)

0.007
0.940

Antidepressants

34 (6.0)

12 (3.4)

22 (10.2)

0.001

...............................................................................................................................................................................
Clinical signs
Weight, mean + SD, kg
Body mass index, mean + SD, kg/m2

...............................................................................................................................................................................
Comorbidities [n (%)]

...............................................................................................................................................................................
Medication [n (%)]

EF, ejection fraction; HF, heart failure; NYHA, New York Heart Association; MLHF, Minnesota Living with Heart Failure; CES-D, Center for Epidemiologic Studies Depression;
EF,angiotensin-converting
ejection fraction;
HF, heart failure; NYHA, New York Heart Association; MLHF, Minnesota Living with Heart
ACE,
enzyme.

Failure; CES-D, Center for Epidemiologic Studies Depression; ACE, angiotensin-converting
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Sex-specific
biomarker levels
Sex-specific biomarker levels

Table 2

Total cohort (n 5 567)

Male (n 5 351)

Female (n 5 216)

C-reactive protein, mg/mL
PTX 3, ng/mL

11.4 (4.8 –33.0)
3.7 (2.5 –5.6)

13.0 (5.5– 33.0)
3.9 (2.7–5.8)

9.0 (4.2– 28.9)
3.3 (2.2– 5.0)

0.018
0.002

GDF-15, ng/mL

2.8 (1.9 –4.3)

3.1 (2.2–4.7)

2.4 (1.7– 3.8)

0.000

Osteopontin, ng/mL
RAGE, ng/mL

159.2 (109.0–223.1)
2.9 (1.9 –4.6)

165.7 (111.4– 232.8)
3.0 (1.9–4.7)

147.2 (100.9– 209.3)
2.7 (1.9– 4.2)

0.083
0.165

P-value

...............................................................................................................................................................................
Inflammation

Interleukin 6, ng/mL

12.0 (6.8 –24.3)

13.1 (7.9– 28.4)

10.9 (5.9– 18.4)

,0.001

TNF-a, pg/mL
TNF-aR1a, ng/mL

45.8 (4.7 –121.3)
3.1 (2.2 –4.6)

47.3 (4.7– 146.4)
3.1 (2.2–4.7)

43.7 (4.8– 85.0)
2.9 (2.2– 4.4)

0.230
0.500

20.1 (15.6– 28.1)

20.4 (15.7–28.4)

19.1 (15.3–26.5)

0.115

...............................................................................................................................................................................
Oxidative stress
MPO, ng/mL

...............................................................................................................................................................................
Remodelling
20.8 (15.4– 28.5)

20.8 (15.4–28.5)

17.7 (12.2–26.1)

0.004

4.7 (3.4 –6.6)
25.6 (21.1– 32.1)

5.0 (3.5–6.6)
26.2 (21.5–32.5)

4.4 (3.1– 6.3)
24.9 (20.2–31.2)

0.023
0.057

TGF-b, ng/mL

51 (35–75)

48 (34– 72)

53 (36– 82)

0.043

2532 (1309– 5721)
2.5 (1.4 –5.4)

2677 (1407–6340)
2.6 (1.5–5.4)

2344 (1197–5047)
2.2 (1.2– 5.5)

0.978
0.069

63.0 (31.4– 143.8)

58.7 (27.3–118.0)

73.1 (36.8–189.4)

0.003

5.1 (3.6 –7.5)

5.0 (3.6–7.4)

5.3 (3.5– 8.0)

0.465

53.0 (44.5– 64.3)

54.1 (45.5–65.1)

51.3 (43.0–62.1)

0.038

eGFR, mL/min/1.73m2
Cystatin C, mg/mL

53.9 + 20.2
11.1 (7.6 –16.2)

55.8 + 19.9
11.1 (7.7– 16.9)

50.9 + 20.2
11.1 (7.6– 15.7)

0.006
0.774

NGAL, ng/mL

84.6 (60.4– 123.3)

85.8 (61.3–135.9)

83.8 (58.8–116.1)

0.127

Hb, g/dL

13.1 + 2.0

13.4 + 2.1

12.6 + 1.8

EPOa, IU/L

9.6 (5.2 –16.0)

9.7 (5.1–16.5)

9.5 (5.2– 15.0)
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Syndecan-1, ng/mL
Periostin, ng/mL
Galectin 3, ng/mL

...............................................................................................................................................................................
Cardiomyocyte stretch
NTpro-BNP, pg/mL
ST-2, ng/mL

...............................................................................................................................................................................
Angiogenesis
VEGF, ng/mL
Angiogenin, mg/mL

...............................................................................................................................................................................
Arteriosclerosis
ESAM, ng/mL

...............................................................................................................................................................................
Renal function

...............................................................................................................................................................................
Anaemia
,0.001
0.569

PTX3, pentraxin 3; GDF-15, growth differentiation factor 15; RAGE, receptor for advanced glycation end products; TNF-a, tumour necrosis factor alpha; TNF-aR1a, tumour necrosis
PTX3,
3; GDF-15,
growth
differentiation
factor
15; RAGE,
receptor
forpro-brain
advanced
glycation
endsuppression
products;
factor
alphapentraxin
receptor 1a; MPO,
myeloperoxidase;
TGF-b,
transforming growth
factor-beta;
NTpro-BNP,
N-terminal
natriuretic
peptide; ST-2,
of TNFtumourigenicity
VEGF, vascular
endothelial
growth
factor; EPOa, erythropoietin
alpha; ESAM,
endothelial
cell-selective
adhesion
neutrophil gelatinase-associated
α, tumour 2;necrosis
factor
alpha;
TNF-αR1a,
tumour necrosis
factor
alpha
receptor
1a; molecule;
MPO, NGAL,
myeloperoxidase;
TGF-β,
lipocalin.
transforming growth factor-beta; NTpro-BNP, N-terminal pro-brain natriuretic peptide; ST-2, suppression of

tumourigenicity 2; VEGF, vascular endothelial growth factor; EPOa, erythropoietin alpha; ESAM, endothelial cellselective adhesion molecule; NGAL, neutrophil gelatinase-associated lipocalin.

and neutrophil gelatinase-associated lipocalin (NGAL) were measured
formula. Anaemia was diagnosed using the World Health Organization
by Alere San Diego, Inc., San Diego, CA, USA, using competitive enzyme(WHO) definition with a haemoglobin threshold of 13.0 g/dL in men
linked
immunosorbent
assays (ELISAs) on a Luminexw platform. Transand 12.0 g/dL in women.
Statistical
analyses
forming growth factor-beta (TGF-b) and vascular endothelial growth
Statistical analyses
factor (VEGF) were analysed using a quantitative multiplexed sandwich
Continuous variables are presented as mean ± SD
or median with inter-quartile range, where
ELISA system, SearchLightw proteome arrays, Aushon BioSystems, BillContinuous variables are presented as mean + SD or median with intererica, MA, USA. N-terminal pro-brain natriuretic peptide (NTpro-BNP)
quartile range, where appropriate. Categorical variables are presented as
appropriate.
Categorical
areDiagnostics,
presented as
counts
and percentages.
Comparisons
was
measured using the
Elecsys proBNPvariables
ELISA by Roche
counts
and percentages.
Comparisons of continuous
variables wereof
perMannheim, Germany. Erythropoietin alpha (EPOa) was measured using
formed using either Student’s t test or the Mann – Whitney test, as approthe IMMULITEw EPO ELISA by Diagnostic Products Corporation, Los
priate. The x2 test was used to test for categorical variables.
Angeles, CA, USA. Estimated glomerular filtration rate (eGFR) was
Hazard ratios (HRs) were calculated using univariable and multivaribased on the simplified Modification of Diet in Renal Disease (MDRD)
able Cox proportional hazards regression. The proportionality
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continuous variables were performed using either Student's t test or the Mann–Whitney test, as
appropriate. The χ2 test was used to test for categorical variables.
Hazard ratios (HRs) were calculated using univariable and multivariable Cox proportional hazards
regression. The proportionality assumption for the Cox regression analysis was evaluated on the
basis of Schoenfeld residuals.
Biomarkers were used on a continuous scale for baseline sex-comparison and with logtransformation in Cox proportional hazards models.
First, univariable Cox proportional hazards regression analyses of the sex-specific outcome were
performed using baseline characteristics and previously established cofounders of the COACH Risk
engine.18
Secondly, multivariable Cox proportional hazards regression was performed, adjusting for variables,
which showed univariable association with 3-year mortality at P < 0.1 in this cohort. The variables
entered to the multivariable model comprised: age, ischaemic aetiology (i.e. previous myocardial
infarction), duration of HF, MLHFQ score, weight, body mass index (BMI), systolic blood pressure,
diastolic blood pressure, ankle oedema, diabetes, atrial fibrillation, ACE-inhibitor therapy, betablocker therapy, aldosterone antagonist therapy, diuretic therapy, digoxin therapy, stroke, peripheral
vascular disease, previous heart failure hospitalization, serum sodium.
Thirdly, comprehensive multivariable modelling was performed, separately adding the respective
biomarkers to the model to detect the most relevant change in point estimates for relative hazard
ratios. Furthermore, we studied the interaction of the individual biomarkers with the sex-effect on
mortality. Statistical analyses were performed using the STATA (version 11.0, STATA Corp, College
Station, TX, USA) and R (version 2.15.1, R Foundation for Statistical Computing, Vienna, Austria)
software. A two-sided P-value < 0.05 was considered statistically significant.
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Results
Baseline demographic and clinical characteristics Of the 567 patients of COACH included in this
analysis 216 (38%) were female (Table 1). On average, women were 2.7 years older, showed 3.9%
higher absolute LVEF and a greater proportion of preserved LVEF than men. Ischaemic aetiology of
heart failure was significantly less prevalent in women. Anaemia was more than twice as common
in women when compared with men. The duration of heart failure, NYHA functional class and the
Minnesota Living with Heart Failure Questionnaire (MLHFQ) score did not differ between sexes.
Women had 8.3 kg lower average body weight, but 1.1 kg/m2 higher BMI. Systolic blood pressure
was higher by 3.9 mmHg in women compared with men. Hypertension and diabetes were more
common in women, while chronic obstructive pulmonary disease was more prevalent in men. No
difference between male and female patients was found regarding atrial fibrillation or flutter; neither
for signs of depression. However, women used more antidepressants compared with men. Women
also received less ACE-inhibitor therapy, but more diuretics and spironolactone compared with men.

Biomarker levels
Table 2 provides an overview of the biomarker levels in male and female patients. Women had
consistently lower values than men for inflammatory markers C-reactive protein, PTX3, GDF-15, and
Interleukin 6, while no statistical difference was detectable for osteopontin, TNF-α and TNF-αR1a,
and MPO, a marker of oxidative stress. In addition, lower levels of the remodelling markers
syndecan-1 and periostin were found in women, while lower galectin-3 levels were not significant.
Transforming growth factor-beta was significantly higher in women compared with men. Levels of
the myocardial stretch markers NTpro-BNP and ST-2 were not significantly different between sexes.
The angiogenesis marker VEGF was significantly higher in women, while there was no sex difference
for angiogenin. Endothelial cell-selective adhesion molecule, a marker of arteriosclerosis, was
significantly lower in female compared with male patients. No sex differences in the levels of the
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outcome analyses
Sex-specific
analyses
Age-adjusted and multivariable model

................................................................................
Sex

n 5 567

Adjusted HR (95% CI)

Z (P)

Age adjusted

0.71 (0.54– 0.93)

22.45 (0.014)

Multivariable

0.64 (0.45– 0.92)

22.41 (0.016)
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The univariate and age-adjusted point estimates for the adjusted HR (95% CI) and
the Z and (P) values for sex.
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Figure 1
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality.

Biomarkers
Table 4 shows the association between the individual biomarkers, sex, and mortality and also the Pvalues for interaction of individual biomarkers with sex. Concerning the association between female
sex and mortality, the change in point estimate for the hazard ratio was most pronounced when
adding NTpro-BNP [from 0.64 (0.45–0.92) to 0.79 (0.54–1.14)] and GDF-15 [from 0.64 (0.45–0.92)
to 0.73 (0.50–1.05)]. In addition to NTpro-BNP and GDF-15, we found that TNF-αR1a, MPO,
syndecan, galectin 3, and ESAM had a different prognostic value in male vs. female patients.
Kaplan–Meier survival curves for all biomarkers with significant interaction between sex and outcome
are shown in Figures 2–8.
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Table 4

Sex-specific
biomarker—outcome and interaction analyses
Sex-specific biomarker—outcome and interaction analyses

Table 4

Covariate

Point estimate for sex (multivariable
model 1 individual biomarker)

................................................................

Interaction (multivariable
model 1 interaction term)

...................................

Adjusted HR (95% CI)

Z (P)

P-value

C-reactive protein (n ¼ 567)
PTX (n ¼ 567)

0.66 (0.46–0.94)
0.68 (0.47–0.97)

22.30 (0.022)
22.10 (0.035)

0.217
0.105

GDF-15 (n ¼ 567)

0.73 (0.50–1.05)

21.72 (0.086)

0.072

Osteopontin (n ¼ 567)
RAGE (n ¼ 567)

0.65 (0.46–0.94)
0.64 (0.44–0.91)

22.30 (0.021)
22.45 (0.014)

0.548
0.214

Interleukin 6 (n ¼ 526)

0.71 (0.48–1.05)

21.71 (0.087)

0.272

TNF-a (n ¼ 464)
TNF-aR1a (n ¼ 567)

0.58 (0.38–0.87)
0.66 (0.46–0.95)

22.65 (0.008)
22.24 (0.025)

0.567
0.057

0.64 (0.47–0.92)

22.43 (0.015)

0.078

Syndecan (n ¼ 567)

0.66 (0.46–0.95)

22.23 (0.026)

0.093

0.65 (0.45–0.93)
0.63 (0.44–0.91)

22.38 (0.017)
22.47 (0.014)

0.333
0.084

TGF-b (n ¼ 547)

0.62 (0.43–0.90)

22.52 (0.012)

0.277

0.79 (0.54–1.14)

21.25 (0.212)

0.039

0.65 (0.45–0.93)

22.36 (0.018)

0.624

0.65 (0.45–0.92)

22.39 (0.017)

0.283

0.65 (0.45–0.94)

22.31 (0.021)

0.318

0.65 (0.45–0.93)

22.37 (0.018)

0.082

0.60 (0.41–0.85)
0.65 (0.45–0.93)

22.81 (0.005)
22.36 (0.019)

0.135
0.723

0.69 (0.48–0.99)

22.01 (0.044)

0.141

0.52 (0.32–0.85)

22.61 (0.009)

0.588

0.64 (0.45–0.92)

22.41 (0.016)

0.239

...............................................................................................................................................................................
Inflammation

...............................................................................................................................................................................
Oxidative stress

Remodelling
Periostin (n ¼ 567)
Galectin 3 (n ¼ 567)

...............................................................................................................................................................................
Cardiomyocyte stretch
NTpro-BNP (n ¼ 538)
ST-2 (n ¼ 567)

...............................................................................................................................................................................
Angiogenesis
VEGF (n ¼ 515)

Angiogenin (n ¼ 567)

...............................................................................................................................................................................
Arteriosclerosis
ESAM (n ¼ 567)

...............................................................................................................................................................................
Renal function
eGFR (n ¼ 557)
Cystatin C (n ¼ 567)
NGAL (n ¼ 562)

...............................................................................................................................................................................
Anaemia
Hb (n ¼ 312)

EPOa (n ¼ 565)

The change in point estimates for relative hazard ratios of the sex- and biomarker-variables if the respective biomarkers are added separately to a model adjusting for variables which
The change in point estimates for relative hazard ratios of the sex- and biomarker-variables if the respective biomarkers
showed univariate association with 3-year mortality at P , 0.1: age, ischaemic aetiology (i.e. previous myocardial infarction), duration of HF, MLwHF score, weight, body mass index
are added
separately
to a model
adjusting
for variables
which
showed
univariate
with aldosterone
3-year mortality
at P <
(BMI),
systolic blood
pressure, diastolic
blood pressure,
ankle oedema,
diabetes, atrial
fibrillation,
ACE-inhibitor
therapy,association
beta-blocker therapy,
antagonist therapy,
diuretic
therapy,
digoxin therapy,
stroke, peripheral
vascular disease,
previous heartinfarction),
failure hospitalization,
and serum
0.1: age,
ischaemic
aetiology
(i.e. previous
myocardial
duration
of sodium.
HF, MLwHF score, weight, body mass
PTX3, pentraxin 3; GDF-15, growth differentiation factor 15; RAGE, receptor for advanced glycation end products; TNF-a, tumour necrosis factor alpha; TNF-aR1a, tumour necrosis
index (BMI), systolic blood pressure, diastolic blood pressure, ankle oedema, diabetes, atrial fibrillation, ACE-inhibitor
factor alpha receptor 1a; MPO, myeloperoxidase; TGF-b, transforming growth factor-beta; NTpro-BNP, N-terminal pro-brain natriuretic peptide; ST-2, suppression of
therapy, beta-blocker
therapy,growth
aldosterone
therapy,
diuretic
therapy,
digoxin
therapy,
peripheral
tumourigenicity
2; VEGF, vascular endothelial
factor; ESAM,antagonist
endothelial cell-selective
adhesion
molecule;
eGFR, estimated
glomerular
filtrationstroke,
rate; NGAL,
neutrophil
gelatinase-associated
lipocalin;
Hb, haemoglobin;
EPOa, erythropoietin
alpha.
vascular disease,
previous
heart failure
hospitalization,
and serum sodium.

PTX3, pentraxin 3; GDF-15, growth differentiation factor 15; RAGE, receptor for advanced glycation end products; TNFα, tumour necrosis factor alpha; TNF-αR1a, tumour necrosis factor alpha receptor 1a; MPO, myeloperoxidase; TGF-β,
transforming growth factor-beta; NTpro-BNP, N-terminal pro-brain natriuretic peptide; ST-2, suppression of
Biomarkers
curves for 3-year all-cause mortality. In a multivariable model,
tumourigenicity 2; VEGF, vascular endothelial growth factor; ESAM, endothelial cell-selective adhesion molecule; eGFR,
Table 4 shows the association between the individual biomarkers,
we adjusted for the clinical risk markers for mortality in this
estimated glomerular filtration rate; NGAL, neutrophil gelatinase-associated
lipocalin; Hb, haemoglobin; EPOa,
sex, and mortality and also the P-values for interaction of individual
patient
cohort.
Even
after
full
adjustment,
female
sex
was
erythropoietin alpha.
associated with a 36% lower mortality risk (HR ¼ 0.64; 95% CI
0.45 –0.92, P ¼ 0.016). The proportionality assumption held (x2 ¼
16.92; P ¼ 0.716).
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Figure 2
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on growth differentiation
factor-15 tertiles for men (A) and women (B).

Figure 3
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on tumour necrosis factorαR1a tertiles for men (A) and women (B).
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Figure 4
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on myeloperoxidase tertiles
for men (A) and women (B).

Figure 5
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on syndecan tertiles for men
(A) and women (B).
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Figure 6
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on galectin 3 tertiles for men
(A) and women (B).

Figure 7
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on N-terminal pro-brain
natriuretic peptide tertiles for men (A) and women (B).
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Figure 8
Sex-stratified Kaplan–Meier curves for 3-year all-cause mortality based on endothelial cell-selective
adhesion molecule tertiles for men (A) and women (B).

Discussion
This is the first study to report on biomarker-related differences between male and female heart
failure patients. We confirmed that female heart failure patients have a better prognosis compared
with male patients, which could not be explained by the difference in clinical characteristics.
Interestingly, several biomarkers were lower in women, and in addition to NTpro-BNP, GDF-15, TNFαR1a, MPO, syndecan, galectin 3, and ESAM had a sex-dependent prognostic value.

Sex-related clinical characteristics
Female patients in COACH showed the typical female clinical presentation pattern of heart failure,
which has been characterized in many other studies5–7,19 and registries.20,21 Female heart failure
patients are generally older, have more preserved LVEF, suffer less frequently from ischaemic
cardiomyopathy, and show more hypertension and signs of congestion compared with male patients.
These classic sex-specific manifestations could be interpreted as reflections of the underlying sex
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disparities in pathophysiology and natural development of heart failure over time. However, these
differences alone do not explain the survival benefit in women.

Survival differences
The survival benefit for women in the present study is consistent with the results of other studies:
O’Meara et al.6 reported an independent survival benefit for women in the CHARM trial, accounting
for LVEF and the cause of heart failure [adjusted hazard ratio (HR), 0.77; 95% CI: 0.69 to 0.86; P <
0.001]. Notably, this large cohort comprised patients with both reduced and preserved EF. Alla et
al.22 published the sex-specific findings of the Digitalis Investigation Group (DIG) trial showing
comparable results, with independent survival benefit for women irrespective of LVEF, cause of heart
failure or duration of heart failure. Similarly, population-based studies consistently report lower
mortality for female heart failure patients,23,24 precluding trial-specific selection bias as explanation
for the survival benefit. A recent large individual patient data meta-analysis powerfully supports this
finding.25 However, none of the studies performed to date has adequately clarified a biological
background for the survival benefit for women with heart failure.

Biomarkers
Overall, lower baseline levels of biomarkers indicative of inflammation and remodelling suggest less
biological activity in the respective pathophysiological pathways in women compared with men. This
may imply a different biological disease expression, but could also reflect natural biological variation
between sexes. However, in healthy populations, women show higher basic levels of C-reactive
protein,26 PTX3,27 RAGE,28 galectin 3,29 and NTpro-BNP30. Other studies report that GDF-15,31
VEGF, NGAL,32 and EPOa33 were similar in men and women. Lower normal levels of TNF-α,34 TGFβ,35 ESAM,36 GFR,37 cystatin C, and haemoglobin38 have been reported in women. Sex-specific
population-based data are scarce for the remaining markers. Reference levels from cohorts of
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healthy volunteers of each sex can be found in Table SI. This suggests that women hospitalized for
heart failure have a distinct biological disease expression compared with men.
Table SI
!

Reference levels from cohorts of healthy volunteers of each sex

!

Inflammation!
CRP,!g/mL!

PTX!3,!ng/mL!
GDFE15,!ng/L!

Osteopontin,!ng/mL!
RAGE,!!pg/mL!

TNFEα,!pg/mL!

TNFER1a,!pg/mL!
ILE6,!pg/mL!

Oxidative%Stress!
MPO,!ng/mL!

Remodeling!
SyndecanE1,!ng/mL!
Periostin,!ng/mL!

Galectin!3,!ng/mL!
TGF-,!ng/mL!!

Cardiomyocyte%Stretch!
NTproEBNP,!pg/mL!
STE2,!ng/mL!

Angiogenesis%!%
VEGF,!ng/mL!

Angiogenin,!ng/mL!

Arteriosclerosis!
ESAM,!ng/mL!

Renal%function!
GFR,!ml/min/1.73m2!
Cystatin!C,!μg/mL!
NGAL,!ng/mL!

Anaemia!
Haemoglobin,!g/dl!
EPOa, IU/L!
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Male%

Female%
%

1.30!(2.2)!!
2.47!(4.1)!!
n!=!1253!!
n!=!1349!!
1.87!(1.81E1.94)!
2.12!(2.05E2.19)!
n!=!818!
n!=!931!
749!(588–957)!
780!(610–967)!
n!=!288!
n!=!141!
382!(257E540)!
n!=!43!
1414!±!649!
1744!±!660!!
n!=!121!
n!=!55!
3.05!(1.90–4.65)!
2.75!(1.73–4.42)!
n!=!2884!
n!=!3201!
1506!±!541!
1267!±!354!
n!=!529!
n!=!469!
1.53!(0.98–2.88)!
1.65!(1.15–2.65)!
n!=!529!
n!=!469!
657!(464E985)!
n!=!1411!

607!(446E894)!
n!=!826!

19.86!(14.49E33.14)!ng/ml!
n!=!32!
21.0!±!7.3!
n!=!!120!
10.7!(8.9E12.7)!!
11!(9.1E13.4)!!
n!=!4140!
n!=!4182!
37.6!±!0.12!
35.1!±!0.12!
n!=!4888!
n!=!4254!

24.3!(10.1E54.5)!
50.5!(28.2E87.0)!
n!=!4159!
n!=!4201!
0.14!(0.13E0.17)!
n!=!9!
22,4!(14,8E34,2)!
22,2!(15,0E32,7)!
n!=!270!
n!=!113!
150.2!(104.8–202.8)!!
n!=!76!
35.2!(27.5E44.5)!
n!=!1418!

71!±!12!
n!=!102!
0.81!(0.72E0.91)!!
n!=!4031!
86.3!±!43.0!
n=!53!
15.!3!±!1.2!
n!=!1209!
9.3!(6.7E13.5)!
n!=!245!

34.0!(26.8E42.3)!
n=!1804!

66!±!11!
n!=!95!
0.74!(0.66E0.84)!!
n!=!4098!
88.9!±!38.2.0!
n=!83!
13.3!±!1.2!
n=!1286!
8.9!(6.7E11.9)!
n!=!91!

Reference%
%

P%Value%

Lakoski!SG!et!al.1!

<.0001!

Kempf!T!et!al.3!

0.507!

Yamasaki!K!et!al.2!!
Rosenberg!M!et!al.4!
Norata!GD!et!al.5!!

0.0001!
!

<0.05!

MarquesEVidal!P!et!al.6!

<0.001!

Pai!JK!et!al.7!!

!

Pai!JK!et!al.7!!

!

Meuwese!MC!et!al.8!
!

!

Ben!QW!et!al.10!!

!

Jilani!I!et!al.9!!

!

PREVEND!study!
unpublished+
Lin!Y!et!al.11!!

<0.001!

PREVEND!study!
unpublished!
Weinberg!EO!et!al.12!

<0.001!

PREVEND!study!
unpublished!
TelloEMontoliu!A!et!al.13!

0.6239!

Rohatgi!A!et!al.14!!

0.006!

Wetzels!JFM!et!al.15!

!

<0.001!

!

!

PREVEND!study!
unpublished!
Stejskal!et!al.16!

<0.001!

Lacher!DA!et!al.16!!

<0.001!

Mercadal!L!et!al.17!!

n.s.!

0.2!
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Experimental differences in pathophysiological pathways between sexes
Our observation, that biomarkers related to inflammation and remodelling were significantly lower in
women, might reflect the sex-dependent different aetiology of heart failure, sex-characteristic
remodelling pattern, and the influence of comorbidities, all of which are associated with a distinctive
increase in biomarkers of inflammation and remodelling. Biologically, the sex differences are most
likely attributable to the effects of oestrogen on the corresponding pathophysiological pathways, as
shown by experimental data in animals and humans in cardiovascular disease and heart failure.39
The main demographic and aetiological sex difference in heart failure is a predominance of
myocardial infarctions and the presence of ischaemic heart disease in men over women.
Inflammation is one of the key processes in myocardial damage and the post-myocardial infarction
remodelling process, which might explain higher inflammatory activation in male heart failure
patients. However, there is a well-known profound interaction of female sex and oestrogen with the
specific remodelling pattern and the progression to heart failure.40 Female sex is reliably
associated with a slowed and attenuated development of adverse cardiac remodelling and heart
failure in various animal models and human studies on myocardial injury,41,42 pressure43–46 and
volume overload.47–49 Therefore, it can be speculated if the lower concentrations of inflammatory
and remodelling biomarkers in women are to be regarded as a surrogate of less scar or adverse
remodelling burden.
Notably, most of the comorbidities, which might potentially confound the levels of inflammation
markers by being associated with an increase of respective values, are preferentially seen in
women with heart failure. Thus, diabetes,50 BMI,51,52 and depression53 have previously been shown
to increase inflammatory biomarkers.
Additionally, age is known to influence the expression of inflammatory markers. With increasing age,
the level of expression of inflammatory markers increases in the general population.54 Notably, with
regard to the fact that women were 2.7 years older on average in our study population than men, the
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lower level of inflammatory markers among women in our study population of heart failure patients
compared with men appears remarkable.

Pathophysiological rationale
There is a strong pathophysiological rationale that the female cardiovascular response to damage is
different from that in men. Men are prone to remodelling with LV-dilatation and fibrosis while women
more frequently remodel with marked concentric hypertrophy and smaller LV cavity volumes.9,55
These different mechanistic adaptations imply that heart failure does not necessarily depend on
reduction of LVEF, but includes heart failure with preserved EF,56 which is more common in women.23
However, arbitrary dichotomization of heart failure into preserved or reduced LVEF, as used in many
clinical trials, does not appear to adequately explain sex differences in heart failure presentation and
outcome. As Adams et al.57 demonstrated, female gender is significantly associated with better
survival (P < 0.001), depending on the primary aetiology of heart failure instead of baseline
ventricular function. Women had better survival than men when heart failure aetiology was nonischaemic. This relationship has also been proven by the results from the BEST study, where the
prognostic benefit of non-ischaemic heart failure aetiology was stressed.58 Our own results in the
total COACH cohort match these findings, by showing a pronounced survival benefit for women with
non-ischaemic heart disease (31.6 vs. 39.9%, age-adjusted hazard ratio = 0.65; 95% confidence
interval 0.45–0.94, P = 0.022). While differences in age obviously do not explain the sex difference
in survival, a sex difference in symptom and disease burden may. At time of heart failure
hospitalization women may present at earlier biological stage of heart failure, while men often
present at a pathophysiologically more advanced stage of (mostly ischaemic) cardiomyopathy with
already reduced LVEF, translating to a survival disadvantage during the follow-up.
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This hypothesis integrates gender (psychosocial) and sex (biological) aspects, and COACH uniquely
allows the analysis of both features simultaneously. In our study cohort women did not differ from
men regarding NYHA class, and Minnesota Living with Heart failure questionnaire scores at index
admission. Although also not significantly differing in terms of current suffering from depression, as
defined by a CES-D score ≥16, the rate of depression in women was higher and they showed more
concomitant antidepressant use, suggestive for a higher depression prevalence in women.
Depression is a common co-morbidity in heart failure, especially in women,59,60 a finding confirmed
in our population. Although it has previously been linked to worse mortality in heart failure with
reduced61 and preserved LVEF,62 we found no association with all-cause mortality in our cohort,
which may be explained by treatment effects related to specific antidepressants or study
participation. Although baseline elevations of inflammatory biomarkers such as IL-6 and C-reactive
protein have previously been associated with depressive symptoms in the COACH cohort,63 there
was no sex-specific correlation, and in the present sex-specific analysis women had even lower
baseline levels of inflammatory markers.

Study limitations
This study is affected by the typical limitations of post hoc analyses, necessitating cautious
interpretation. COACH had no specific design to warrant sufficient power for analyses of the sex
subgroups. No a priori hypotheses on the sex subgroups were stated in advance. Furthermore, post
hoc biomarker analysis in a subset of patients introduces potential selection bias. Assignment of
biomarkers to individual pathophysiological process categories is somewhat arbitrary and cannot
account for the diverse biological activity of individual markers. The lack of data on oestrogen levels
or menopause does not allow respective differentiation. No data regarding previous pregnancies of
female patients are available in COACH, which precludes investigation of a link between previous
pregnancies and biomarkers. Study inclusion and biomarker sampling in COACH were done just
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before discharge, in a stable clinical condition. Therefore, in COACH patients cannot be considered
to have acute heart failure, but they are also not completely comparable with chronic heart failure
patients. This study is based on biological subgroup classification, is exploratory in nature, and aims
to generate new hypotheses. A causal relationship cannot be concluded from the present data and
the hypothesis generating results should be confirmed in separate analyses.

Conclusion
Female heart failure patients have a different clinical presentation and better outcomes compared
with male patients. Several biomarkers related to inflammation and remodelling were significantly
lower in women and NTpro-BNP, GDF-15, TNF-αR1a, MPO, syndecan, galectin 3, and ESAM had
sex-dependent prognostic value. Our findings indicate that the biological state of heart failure at
admission is less advanced in women compared with men and suggest the sex-specific natural
history and course of remodelling may be of particular relevance. There is an unmet need to clarify
the pathophysiological processes involved in sex differences in heart failure. Especially in women,
current study data are scarce and that requires preferential inclusion of women in clinical trials and
related preliminary planning of studies to bridge the gap in current knowledge between men and
women.

Ethical approval
The study was approved by the local Ethics Committee and conducted in accordance with
Declaration of Helsinki guidelines. All patients provided written informed consent. Additional consent
was obtained for 36-month follow-up.
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Abstract
Aims
Differences in manifestation, treatment, and outcomes of acute heart failure between men and
women have not been well studied. The objective of this analysis was to characterize differences in
clinical presentation, and in-hospital and post-discharge outcomes between sexes in acute heart
failure patients.
Methods and results
Clinical profiles, treatment characteristics, and outcomes were compared between sexes in 2033
patients hospitalized for acute heart failure and impaired renal function. Women comprised 33% of
the study population and were older, had higher body mass index, LVEF, and systolic blood
pressure, and a greater prevalence of diabetes. At baseline, women showed signs and symptoms
of congestion comparable with men, but more often had rales, orthopnoea, and worse renal function.
Women were less intensively diuresed, as indicated by lower oral and intravenous diuretic doses
used, fewer dose increases, and less total weight loss during hospitalization. Furthermore,
hospitalization was slightly but significantly prolonged in women (11.04 ± 7.8 vs. 10.65 ± 8.86 days;
P = 0.024). Age-adjusted 180-day mortality was lower in women (15.8% vs. 18.5%, hazard ratio
0.74; 95% confidence interval 0.59-0.93, P = 0.010), but multivariable risk-adjusted mortality was
similar in both sexes, mainly attributable to lower blood urea nitrogen, higher LVEF, and higher
systolic blood pressure in women compared with men.
Conclusions
Women with acute heart failure present with a clinical profile different from that of men, with more
hypertension, diabetes, and depression, and a preserved LVEF. During hospitalization, they were
less intensively diuresed. Nevertheless, risk-adjusted 180-day outcome was similar between sexes.
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Introduction
Women with cardiovascular disease have a distinct clinical manifestation and outcome compared
with males.1 Women less often undergo preventive measures and are underdiagnosed,
undertreated, and understudied, although cardiovascular disease is the major cause of death in
women above the age of 65 years. Suboptimal care for women with ischaemic heart disease
translates into increased morbidity and mortality.1 In chronic heart failure, the sex-specific outcomes
are paradoxical and women consistently show better survival than men.2 This might be explained by
disparities in aetiology and co-morbidities, but differences in the prevalence of LV systolic
dysfunction and treatment or response to treatment modalities are also considered as potential
explanations for the sex difference in mortality. However, most of the evidence is based on stable
outpatients with chronic heart failure and reduced LVEF enrolled in long-term clinical trials.3 Much
less is known about sex differences in acute heart failure.4,5 Limited registry and survey data show
substantial sex differences in baseline characteristics and in-hospital treatment between women and
men. However, no mortality difference was found during hospitalization or by 1-year follow-up, when
adjusting for these variables.6–8 There are almost no data available for contemporary populations
focusing on patients who are hospitalized with acute heart failure. In addition, no data are available
on sex-specific patients' response to in-hospital decongestive treatment regarding signs and
symptoms of heart failure. We therefore studied differences in clinical presentation, and in-hospital
and post-discharge outcomes in women compared with men admitted for acute heart failure.

Methods
Study design and population
The ‘Placebo-controlled Randomized Study of the Selective A1 Adenosine Receptor Antagonist
Rolofylline for Patients Hospitalized with Acute Decompensated Heart Failure and Volume Overload
to Assess Treatment Effect on Congestion and Renal FuncTion’ (PROTECT) was a multicentre,

96

96

Chapter 5

randomized, placebo-controlled trial in 2033 patients hospitalized with acute heart failure and
impaired renal function. Details on the rationale, design, and results have been reported
elsewhere.9,10 Patients with the full continuum of LVEF were enrolled. Eligible patients, showing signs
and symptoms of fluid overload with concomitant dyspnoea NYHA III–IV, systolic blood pressure ≥
95 mmHg, and need for i.v. diuretic therapy were enrolled within 24 h of presentation.

Ethics
The study met all requirements of local Ethics Committees and complied with the Declaration of
Helsinki guidelines. Written informed consent was obtained from all patients.

Endpoints
We analysed the original primary endpoint of PROTECT and its individual components. The original
primary endpoint of PROTECT was trichotomous, evaluating treatment response by success,
unchanged status, or failure. Treatment success was defined by rapid symptom improvement within
48 h, treatment failure was defined as symptom recurrence indicative of worsening heart failure,
persistent renal impairment, and death, during 7 days, and unchanged status referred to neither of
these. Treatment success was assessed via patient-reported moderate or marked improvement in
dyspnoea within 48 h compared with study start, measured by a 7-point Likert scale. Notably,
persistent renal impairment was defined as an increase in serum creatinine ≥ 0.3 mg/dL from
randomization to day 7, confirmed at day 14, or the initiation of haemofiltration or dialysis by day 7.

We additionally analysed the original secondary endpoints of PROTECT, i.e. the proportions of
patients with persistent worsening renal function, defined as an increase in serum creatinine ≥ 0.3
mg/dL from randomization to day 7 confirmed at day 14, and readmission for cardiovascular or renal
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cause or death within 60 days after the start of study intervention, as adjudicated by an independent
clinical endpoint committee.

For the present study, we also analyzed the 180-day mortality, which was a safety endpoint of the
study, and health status, which was assessed using the EQ-5D questionnaire at day 14.

Statistical analyses
Mean ± SD or medians with interquartile range refer to continuous variables. Counts and
percentages denote categorical variables. Student's t-test or Mann–Whitney test, as appropriate,
were used for comparisons of continuous variables; the χ2 test was used for analysis of categorical
variables. Univariable and multivariable Cox proportional hazards regressions were used to analyse
the association between sex and 180-day mortality and covariates.

First, univariable analyses were performed, assessing the association of individual covariates with
180-day mortality and additionally adjusting for age when analysing the sex effect on outcome.

Secondly, multivariable Cox models were fitted using the two-sided significance threshold of P < 0.1
for entry in the models. In a first multivariable model (Model 1), the influence of all univariable
outcome-related covariates on the risk-predictive value of sex on 180-day mortality was assessed.
In addition, another multivariable model (Model 2) was used, adjusting for a priori confounders, which
have previously been appraised in the PROTECT population.

Model 1 comprises the following covariates with age-adjusted univariate outcome relationship (P <
0.1): age, weight, body mass index (BMI), systolic blood pressure, diastolic blood pressure, LVEF,
oedema, ischaemic heart disease, myocardial infarction, peripheral vascular disease, depression,
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CRT, implantable cardioverter defibrillator (ICD), ACE inhibitor, ARB, beta-blocker, calcium
antagonists, creatinine, estimated glomerular filtration rate (eGFR), blood urea nitrogen (BUN), total
cholesterol, sodium, and hyponatraemia.

Model 2, the pre-established PROTECT risk model, comprises: age, creatinine, BUN, serum
albumin, sodium, bicarbonate, glucose, systolic blood pressure, pulmonary rales, NYHA class 1
month before admission, and previous heart failure hospitalization.

Statistical analyses were performed using STATA (version 11.0, STATA Corp, College Station, TX,
USA) and R (version 2.15.1, R Foundation for Statistical Computing, Vienna, Austria) software. A
two-sided P-value <0.05 was considered statistically significant.

Results
Baseline characteristics
The proportion of women in PROTECT was 33% (669 of 2033 patients). Table 1 provides a detailed
overview of the sex distribution of baseline characteristics.
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Baseline characteristics

Table 1 Baseline characteristics
Men (n 5 1364)

Women (n 5 669)

P-value

Age, mean + SD, years
Weight, kg

69 + 12
85 + 19

73 + 11
75 + 18

,0.001
,0.001

BMI, mean + SD, kg/m2

29 + 6

29 + 7

SBP, mean + SD, mmHg
DBP, mean + SD, mmHg

123 + 18
74 + 12

127 + 17
74 + 12

,0.001
0.964

LVEF, mean + SD, %

30 + 12

37 + 14

,0.001

HFpEF, n (%)
Signs and symptoms of HF (%)

11

28

,0.001

Orthopnoea

95

97

0.04

Rales
Oedema

89
86

93
86

,0.001
0.961

JVP

89

87

0.209

History (%)
Ischaemic heart disease

72

66

0.012

Myocardial infarction

53

43

,0.001

Diabetes
Hypertension

43
76

50
86

0.007
,0.001

COPD

21

16

Smoking
Peripheral vascular disease

27
12

9
8

Atrial fibrillation

55

54

0.645

Stroke
Depression

9
6

9
9

0.898
0.006

Pacemaker

12

13

CRT
ICD

12
20

6
9

ACE inhibitor
ARB

58
13

62
11

0.177
0.223

ACEi or ARB (%)

70

72

0.389

Beta-blocker (%)
Aldosterone antagonists (%)

69
47

68
43

0.672
0.074

Calcium antagonists (%)

8

14

,0.001

...............................................................................................................................................................................
Demographics and measurements

0.008

0.009
,0.001
0.002

0.295
,0.001
,0.001

Medication (%)

Laboratory values
Creatinine, mg/dL

1.5 (1.2–1.9)

1.2 (1.0– 1.5)

,0.001

eGFR, mL/min/1.73 m2

51 (38– 66)

42 (32– 55)

,0.001

BUN, mg/dL
Total cholesterol, mmol/L

31 (23– 42)
142 + 42

27 (21– 39)
157 + 47

,0.001
,0.001

Sodium, mmol/L

140 (137–142)

140 (137– 143)

0.001

Hyponatraemia, %

2

2

0.924

BMI,
body
massBUN,
index;
blood
nitrogen;
DBP,
diastolic
blood pressure;
BMI, body
mass index;
bloodBUN,
urea nitrogen;
DBP,urea
diastolic
blood pressure;
eGFR,
estimated glomerular
filtration rate;eGFR,
HF, heartestimated
failure; HFpEF,glomerular
heart failure withfiltration
preserved
ejection
fraction;
ICD,failure;
implantableHFpEF,
cardioverter
defibrillator;
JVP, with
jugular preserved
venous pressure;
SBP, systolic
blood pressure.
rate;
HF,
heart
heart
failure
ejection
fraction;
ICD, implantable cardioverter defibrillator;
JVP, jugular venous pressure; SBP, systolic blood pressure.
vs. 150.1 mg, respectively (P ¼ 0.059). This was associated with

In-hospital
characteristics
0.5 (95%
CI 0.2 –0.8)
kg less
total weight
losson
during
hospitalization
The analysistreatment
of demographic
and clinical characteristics
showed
that
women
were
average
4.9
and clinical outcomes
compared with men (P ¼ 0.002). Treatment rates of renal reDespite
prevalence ofinterval
peripheral(CI)
oedema
and elevated
yearsa comparable
[95% confidence
3.9–6.0
years]
jugular venous pressure, women were treated with lower oral and i.v.
diuretic doses and fewer dose increases. The administered dose of
furosemide per kg weight change in women vs. men was 90.8 mg

placement
comprising
dialysis,
older
(P therapy
< 0.001),
had ultrafiltration,
0.8 kg/m2peritoneal
(95% CI
0.2–or

haemodialysis did not differ between both sexes. Likewise, there
were no differences regarding i.v. vasoactive treatment using inotropes, vasopressors, or vasodilators up to day 7.
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1.4 kg/m2) greater BMI (P = 0.008), 7% (95% CI 5.5–9.0 %) higher LVEF (P <0.001), and 4.4 mmHg
(95% CI 2.8–6.0 mmHg) higher systolic blood pressure (P < 0.001), respectively, and they more
frequently suffered from diabetes (P = 0.007) and depression (P < 0.007). Men more often had a
history of ischaemic heart disease (P = 0.012) and myocardial infarction (P < 0.001) with more preexisting congestive heart failure (P = 0.045) and respective previous hospitalizations (P = 0.004).
Men had higher treatment rates with ICDs (P < 0.001) and biventricular pacemakers (P < 0.001). In
women, calcium antagonists were more frequently used (P < 0.001).

Women showed signs and symptoms of congestion comparable with men, but more women had
rales and suffered from orthopnoea (P < 0.001 and P = 0.040, respectively).

Women had consistently lower values than men in eGFR and BUN (all P < 0.001). Serum sodium
was slightly higher in women (P = 0.004), whereas the proportion in hyponatraemia was equally
distributed.

In-hospital treatment characteristics and clinical outcomes
Despite a comparable prevalence of peripheral oedema and elevated jugular venous pressure,
women were treated with lower oral and i.v. diuretic doses and fewer dose increases. The
administered dose of furosemide per kg weight change in women vs. men was 90.8 mg vs. 150.1
mg, respectively (P = 0.059). This was associated with 0.5 (95% CI 0.2–0.8) kg less total weight loss
during hospitalization compared with men (P = 0.002). Treatment rates of renal replacement therapy
comprising ultrafiltration, peritoneal dialysis, or haemodialysis did not differ between both sexes.
Likewise, there were no differences regarding i.v. vasoactive treatment using inotropes,
vasopressors, or vasodilators up to day 7.
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Women more often showed improvement from rales than men (P = 0.006), but no different
improvement rates could be detected for oedema, elevated jugular venous pressure, orthopnoea,
and general well-being between both sexes.

When the changes in laboratory values were assessed between day 1 and 7, women had a
comparable drop in eGFR. BUN increased more in female patients (P = 0.003), an effect that was
also seen for total cholesterol (P = 0.001).

Hospitalization was slightly but significantly prolonged in women (P = 0.024) compared with men.
No differences in medical therapy were observed at discharge or day 7, if earlier; except for calcium
channel blockers, that were more often used in women.

Details of in-hospital treatment characteristics are shown in Table 2.
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Treatment and treatment response

Table 2 Treatment and treatment response
Men (n 5 1364)

Women (n 5 669)

Weight loss
Symptoms of heart failure at day 7 (%)

2.6 (1.1 –4.5)

2.0 (4.0– 1.0)

0.002

Improvement in orthopnoea

77

79

0.327

Improvement in dyspnoea
Improvement in well-being

78
77

80
78

0.454
0.779

Improvement in rales
Improvement in oedema

81
77

87
78

0.006
0.692

Improvement in JVP

75

72

0.269

P-value

...............................................................................................................................................................................
Change of weight from day 1 to day 4 (kg)

Change in signs of heart failure at day 7 (%)

Healthcare status at day 14 (EQ-5DTM ; no/some/absolute limitation, %)
Mobility
38/58/4

25/71/4

,0.001

Self-care

65/30/5

46/47/6

,0.001

Usual activities
Pain/discomfort

40/47/13
57/40/3

25/59/16
45/50/5

,0.001
,0.001

Anxiety/depression

65/32/3

55/40/4

,0.001

Day 1

80 (40–160)

80 (40– 120)

0.068

Day 7
Day 1

120 (60– 200)
60 (40–80)

80 (40– 161)
40 (40– 80)

0.063
0.002

Day 7

80 (40–120)

60 (40– 80)

,0.001

Oral loop diuretics total dose (mg)
Total dose of diuretics, days 1 –7

460 (280–820)

366 (240– 610)

,0.001

Diuretic dose increase, days 1– 7

360 (200–660)

270 (160– 480)

,0.001

Medication at discharge or day 7, if earlier (%)
ACE inhibitor

67

71

0.074

ARB

17

15

0.314

ACE inhibitor or ARB
Beta-blocker

81
85

85
83

0.055
0.143

Aldosterone antagonists

61

58

0.141

Calcium antagonists
Change in laboratory values, baseline to day 7

10

16

,0.001

Creatinine, mg/dL

0 (–0.2 to 0.2)

0 (– 0.1 to 0.2)

0.124

eGFR, mL/min/1.73 m2
BUN, mg/dL

– 1.6 (–7.7 to 5.1)
2 (–4 to 10)

–2.2 (– 8.2 to 4.5)
4 (– 2 to 12)

0.301
0.002

Total cholesterol, mmol/L

6 (–8 to 22)

10 (–6 to 30.2)

0.001

Sodium, mmol/L

– 1 (– 3 to 1)

–1 (–4 to 1)

0.478

Diuretics
I.v. loop diuretics total dose (mg)

BUN,
blood
urea nitrogen;
eGFR,
estimated
glomerular
filtration
rate; JVP, jugular venous pressure.
BUN, blood
urea nitrogen;
eGFR, estimated
glomerular
filtration rate;
JVP, jugular venous
pressure.

Treatment and response to therapy
Treatment rates with rolofylline and other vasoactive agents were
similar between women and men, but significant differences in the
usage and effect of diuretics were detected between women and
men. Women received lower oral and i.v. diuretic doses, fewer
dose increases, had less total weight loss during hospitalization, and
had a slightly increased length of hospital stay. These results could indicate undertreatment but may, more probably, simply reflect
greater diuretic effectiveness in terms of weight and symptom reduction in women compared with men. However, this question cannot

be definitely answered in our study, since in practice both of the
latter criteria influence dose adjustments of diuretics, and no protocol for diuretic dose adjustments had to be followed in PROTECT.
Generally, sex differences are common in everyday clinical practice
in patients with heart failure. The EuroHeart Failure Survey II7
reported on 3580 acute heart failure patients revealing typical differences in the usage of catheterization and inotropic agents, but no
covariate-adjusted differences in use of cardiovascular medication,
including diuretics. ADHERE6 demonstrated comparable rates of
i.v. diuretic use but a lower mean duration of such therapy in

103

103

Chapter 5

In-hospital and post-discharge outcomes are summarized in Table 3.
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Table 3

Sex differences in acute heart failure

In-hospital and post-discharge outcomes

Table 3 In-hospital and post-discharge outcomes
Men (n 5 1364)

Women (n 5 669)

38

40

P-value

...............................................................................................................................................................................
Primary endpoint, %
Trichotomous endpoint
Success

0.705

Unchanged

40

39

Failure
Individual components of the primary endpoint, %

21

20

Improvement in dyspnoeaa

49

54

0.055

Treatment failure criteria (up to day 7)
Creatinine increase

12

13

0.399

Persistent renal impairment

12

14

0.378

Worsening heart failure
Rehospitalization for heart failure

10
0

8
0

0.193
0.978

Death

2

2

0.951

Secondary endpoint, %
Death or cardiovascular or renal rehospitalization within 60 days

30

27

0.168

10.65 + 8.86
61 (57– 63)

11.04 + 7.8
61 (58– 63)

0.024
0.544

Heart failure rehospitalization or death at 60 days

23

20

0.132

Survival days
Mortality at 180 days

180 (178– 180)
18

180 (178–180)
16

0.800
0.143

Additional endpoints, %
Length of hospital stay, days
Event-freeb days

a

Improvement
in dyspnoea
is defined
as dyspnoea
markedly
Improvement
in dyspnoea
is defined as dyspnoea
moderately
or markedly moderately
improved on bothor
days
2 and 3
Events
comprise
heart failure
rehospitalization
or death.
Events
comprise
heart
failure rehospitalization
or death.

a

bb

improved on both days 2 and 3

Primary endpoint
No differences between the sexes regarding the trichotomous primary endpoint were detected by
day 7. Correspondingly, improvement in dyspnoea, as defined by reaching moderate or marked
improvement in a 7-point Likert scale, was comparable between women and men. The change in
dyspnoea by day and sex group is shown in Figure 1. Treatment failure rates also did not differ
between women and men by day 7, neither in terms of worsening renal function measures nor in
terms of worsening heart failure or related rehospitalization or death.

Figure 1 Change in dyspnoea by day and sex group.
women. This translated into less in-hospital weight loss in women
compared with men. Women also typically underwent fewer invasive
procedures such as cardiac catheterizations and were less frequently
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Figure 1
Change in dyspnoea by day and sex group

Secondary endpoints
No differences were seen in readmissions and deaths or time to death or cardiovascular or renal
rehospitalization up to day 60 between the sexes. Also, the proportion of patients who developed
persistent renal impairment did not differ between women and men.

Additional endpoints
Women showed more limitation than men in all categories of the EQ-5D health status at day 14 (P
< 0.001). Figure 2 shows the health status by category and sex group.
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Figure 2
Health status by category and sex group

Age-adjusted 180-day mortality was lower in women [15.8% vs. 18.5%, hazard ratio (HR) 0.74; 95%
CI 0.59–0.93, P = 0.010], but multivariable risk-adjusted mortality was similar in both sexes using
different analytic approaches [Model 1 (univariate predictors), HR 0.84; 95% CI 0.53–1.34, P = 0.466;
Model 2 (pre-established PROTECT risk model), HR 0.87; 95% CI 0.50–1.51, P = 0.615], which was
mainly attributable to lower BUN, higher LVEF, and higher systolic blood pressure in women
compared with men.
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Discussion
This study demonstrates that women hospitalized with acute heart failure and impaired renal function
more often have typical co-morbidities, and undergo less aggressive decongestion therapy than
males, but the outcome is similar. The age-adjusted beneficial impact of female sex on 180-day
mortality seems explainable by lower BUN, higher LVEF, and higher systolic blood pressure in
women.

Unique aspects of acute heart failure and the PROTECT study
Whereas sex differences in chronic heart failure have been studied extensively over the last years,3
far less is known about studies in the contemporary setting of acute heart failure. PROTECT allowed
for analysis of the in-hospital journey of patients with symptomatic congestion and underlying renal
dysfunction, who are known for their major symptomatic burden and mortality risk. In addition,
PROTECT provided details on the change in laboratory data, symptom perception, and signs of
heart failure, as well as patients' self-reported health status. Congestion and impaired renal function
have well-known adverse effects on mortality,11,12 but sex differences in treatment and response to
decongestive therapy are insufficiently studied. This applies particularly for endpoints involving
changes in signs and symptoms of heart failure, clinical status, and renal function.

Baseline disease differences
Overall, 95% of patients in PROTECT had a history of congestive heart failure, revealing acute
decompensation of chronic heart failure to be by far the most common cause of hospitalization.
Women showed typical demographic and clinical characteristics: they were older, and had higher
BMI, LVEF, and systolic blood pressure. This pattern has consistently been reported in many studies
as characteristic for women with heart failure,6,7,13 usually manifesting as heart failure with preserved
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ejection fraction (HFpEF), in comparison with the typical male phenotype, which basically refers to
post-myocardial infarction heart failure with reduced ejection fraction (HFrEF).

In addition, women more frequently suffered from diabetes and had worse health-related quality of
life. Among men, ischaemic heart disease and myocardial infarctions were the main aetiological
factors for heart failure, which correspond to higher frequencies of pre-existing heart failure and more
previous hospitalizations in men than in women. These relationships are in accordance with other
studies2,6–8 and reflect the natural sex difference in cardiovascular risk, which constitutes a relatively
lower cardiovascular risk in pre-menopausal women, leading to later onset of systolic heart failure in
women compared with men.14

With regard to symptoms and signs of heart failure, women more frequently showed pulmonary rales
and perceived orthopnoea. This reflects a higher female symptomatic burden and an increased
occurrence of pulmonary congestion in women with acute heart failure, matching the results from
ADHERE, a US registry in 105 388 patients hospitalized for acutely decompensated heart failure.6
Pathophysiologically, these findings may be explained by the typical female phenotype with rapid
fluid redistribution and a higher prevalence of LV diastolic dysfunction and consecutive HFpEF.
Borlaug et al. demonstrated elevated filling pressures to be the causal mechanism of cardiac
dyspnoea in patients with HFpEF.15 Hypervolaemia is frequently present in non-oedematous patients
with chronic heart failure, being associated with increased cardiac filling pressures and worse patient
outcomes.16

Treatment and response to therapy
Treatment rates with rolofylline and other vasoactive agents were similar between women and men,
but significant differences in the usage and effect of diuretics were detected between women and
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men. Women received lower oral and i.v. diuretic doses, fewer dose increases, had less total weight
loss during hospitalization, and had a slightly increased length of hospital stay. These results could
indicate undertreatment but may, more probably, simply reflect greater diuretic effectiveness in terms
of weight and symptom reduction in women compared with men. However, this question cannot be
definitely answered in our study, since in practice both of the latter criteria influence dose
adjustments of diuretics, and no protocol for diuretic dose adjustments had to be followed in
PROTECT. Generally, sex differences are common in everyday clinical practice in patients with heart
failure. The EuroHeart Failure Survey II7 reported on 3580 acute heart failure patients revealing
typical differences in the usage of catheterization and inotropic agents, but no covariate-adjusted
differences in use of cardiovascular medication, including diuretics. ADHERE6 demonstrated
comparable rates of i.v. diuretic use but a lower mean duration of such therapy in women. This
translated into less in-hospital weight loss in women compared with men. Women also typically
underwent fewer invasive procedures such as cardiac catheterizations and were less frequently
treated with vasoactive agents, which is explainable by higher female prevalence of HFpEF. In
PROTECT, women exhibited more compromised renal function than men at baseline. The reasons
for this difference in PROTECT is unclear, but may, most probably, be explained by the natural sex
difference in renal mass and relevant co-morbidity, such as hypertension and diabetes, in women.
Lower eGFR values were seen in women despite higher blood pressures and a natural protective
effect of female sex in chronic kidney disease of various origins.17,18 Despite worse renal function in
women, we observed lower mean BUN values in women compared with men. BUN is generally
considered as a surrogate marker of neurohormonal activation in heart failure patients, and higher
BUN values are mechanistically related to worsening GFR.19 Elevated BUN was also related to
increased mortality in several studies,6,20,21 and has previously been proven to be the strongest
predictor of short-term morbidity and mortality in PROTECT.22 Because of these relationships, our
observations of lower mean BUN values in women than men are remarkable, given the lower mean
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GFR in women. This suggests a differential increase in BUN between men and women, a finding
which is similar to that in the ADHERE population.6 A trend for interaction of sex with the BUN
association with mortality was suggested (P for interaction = 0.096).

Study limitations
This study needs a cautious interpretation, as required for retrospective subgroup analyses per se.
The PROTECT study had not primarily been designed for analyses of sex differences, and thus no
sufficient power is warranted. PROTECT was a prospective placebo-controlled randomized study,
which are by nature known to be affected by selection bias limiting generalizability. Cardiac imaging
for assessment of ventricular function was not mandatory for inclusion in PROTECT, consequently
a categorization into heart failure with reduced vs. preserved LV function is limited by incomplete
data availability. NT-proBNP measurements were technically restricted to an upper range of 3000
pg/mL and assessed in 1518 patients, whereas BNP levels were measured in 537 patients, which
limits the overall interpretation of natriuretic peptides. Data on oestrogen levels or menopause are
lacking and prevent consideration of these biological factors. Long-term follow-up beyond 180 days
is not available and limits characterization of long-term effects. This exploratory and hypothesesgenerating study is based on biological subgroup classification.

Conclusion
Women with acute heart failure present with a clinical profile different from men. They have a distinct
disease entity with typical co-morbidities involving hypertension, diabetes, and depression, but more
preserved LVEF. Nevertheless, risk-adjusted 180-day outcome is similar between both sexes.
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Abstract
Background
Women with heart failure are typically older, more often have hypertension and a preserved left
ventricular ejection fraction compared with men. However, it is unknown if these sex differences
influence the course and outcome of acute heart failure.
Methods and Results
We analyzed sex differences in acute heart failure in 1161 patients enrolled in the RELAX-AHF
study. The pre-specified study endpoints were used. At baseline, women (436/1161 patients) were
older, had a higher left ventricular ejection fraction, a higher rate of hypertension, and were treated
differently from men. Early dyspnea improvement (moderate or marked dyspnea improvement
measured by Likert scale during the first 24 h) was greater in women. However, dyspnea
improvement over the first 5 days (change from baseline in the visual analogue scale area under the
curve (VAS AUC) to day 5) was similar between men and women. Women reported greater
improvements in general wellbeing by Likert, but there were no such benefits evident with the VAS
score. Multi-variable predictors of moderate or marked dyspnea improvement were female sex
(p=0.0011), lower age (p=0.0026) and lower diuretic dose (p=0.0067). The additional efficacy
endpoints of RELAX-AHF were similar between men and women and serelaxin was equally effective
in men and women.
Conclusions
Women  exhibit  better  earlier  dyspnea  relief  and  improvement  in  general  wellbeing  compared  with  
men,   even   adjusted   for   age   and   left   ventricular   ejection   fraction.   However,   in-hospital   and   post-
discharge  clinical  outcome  were  similar  between  men  and  women.
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Introduction
Women and men show marked differences both in the onset of heart failure and in established
chronic heart failure.1,2 We recently showed that clinical characteristics of men and women admitted
for acute heart failure are also different.3 Relative to men, women typically more often show features
such as hypertension, atrial fibrillation and preserved left ventricular ejection fraction, whereas men
usually present with ischemic heart disease, history of myocardial infarction, reduced left ventricular
ejection fraction, and specific medical and device treatment.3
In previous studies, women admitted for acute heart failure received lower oral and intravenous
diuretic doses, fewer dose increases, but they lost less body weight during hospitalization, and length
of hospitalization was longer in women compared with men.3,4 However, no studies have specifically
focused on differences in dyspnea relief and changes in general wellbeing between men and women
admitted for acute heart failure.
Here, we investigate sex differences in early and persistent dyspnea relief as well as additional
efficacy endpoints, and analyzed patient features and heart failure characteristics in men and women
hospitalized with acute heart failure enrolled in the RELAX-AHF study.

Patients and Methods
Study design, population and treatment
The RELAX-AHF study was a multi-center, double-blind, randomized, controlled trial, comparing the
intravenous administration of serelaxin for up to 48 hours vs. placebo on top of standard of care.
Patients were randomized within the initial 16 hours of hospital admission for AHF with congestion
and dyspnea, additionally having elevated natriuretic peptide levels, mild to moderate renal
dysfunction, and systolic blood pressure >125 mmHg.5
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Ethics
The RELAX-AHF study was approved by all local Ethics Committees and complied with the
Declaration of Helsinki guidelines. Written informed consent was obtained from all patients.

Statistical analyses
1161 patients were randomized in RELAX-AHF (the Intent-to-Treat [ITT] population). For outcomes
with complete data, the analysis included all randomized patients (n=1161). For other outcomes,
cases with missing outcome data were omitted from the analysis under an assumption of missing at
random. Missing values in baseline covariates were imputed using treatment-specific medians for
continuous variables and treatment-specific modal values for categorical variables. The criterion for
statistical significance is p ≤0.05 two-tailed for all analyses. Patient baseline characteristics,
symptomatic response, diuretic doses, treatment response, and post-discharge outcomes were
compared by sex using t-tests for continuous variables, chi-squared tests or Fisher’s exact tests for
categorical variables, and log-rank tests for time-to-event outcomes. Effects of treatment by sex
interaction on clinical outcomes were examined using multiple linear regression models for
continuous endpoints, logistic regression models for categorical endpoints, and Cox proportional
hazards models for time-to-event endpoints. Three-way interaction effects of sex, treatment, and EF
status on clinical outcomes were also examined using the same approach. A multi-variable logistic
regression model was used to assess the association between moderately or markedly better
dyspnea on the Likert scale at 6, 12 and 24 hours and selected baseline characteristics, including
sex, HFpEF status, age, pulse pressure, heart rate, and loop diuretic dose. The effect of treatment
by sex interaction on markedly or moderately improved dyspnea at each time point (6, 12 and 24
hours) was also estimated using logistic regression models. Repeated measures ANOVA models
were used to estimate mean changes in biomarkers (hs-troponin-T, NT-proBNP and cystatin-C) from
baseline through day 14, mean changes in patient-reported dyspnea according to visual analogue

118

118

Chapter 6

scale from baseline to day 5, and mean total daily dose of IV diuretics (mg) from Day 1 to Day 5,
stratified by treatment and sex. A linear regression model was used to estimate the effects of
treatment, sex and their interaction on total dose of IV from Day 1 to Day 5. Fisher’s exact tests were
used to assess the association between treatment and physician-assessed signs and symptoms of
congestion at Day2 for each sex. Effects of treatment by sex interaction on physician-assessed signs
and symptoms of congestion at Day2 were evaluated using proportional-odds logistic regression
models. Kaplan-Meier survival curves for CV mortality through day 180 were generated for all sex
and treatment combinations, and compared using log-rank tests. A Cox proportional hazard model
was used to examine the treatment effect by sex.
Analyses were performed by the Statistical Analysis Center at Columbia University.

Results
Baseline Characteristics
Details of baseline patient characteristics are shown in Table 1. The RELAX-AHF study comprised
725 men and 436 women. Women were on average 6 years older, had about 10% higher LVEF and
a lower proportion of LVEF<40%, had less frequent ischemic heart disease or a history of chronic
heart failure one-month prior. Before hospitalization, women had lower NYHA class symptoms and
they more often had hypertension, while less frequently being cigarette smokers or showing
peripheral vascular disease, asthma, bronchitis, or COPD, myocardial infarction and history of CRT
or ICD procedures and implanted devices. Women less often received oral loop diuretics 30 days
before study entry and were more often treated with digoxin. Plasma levels of hemoglobin,
creatinine, uric acid, troponin and estimated glomerular filtration rate were lower in women, whereas
they had higher levels of total cholesterol. There were no significant sex differences in clinical
variables or congestion.  
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Table 1

Table 1

Baseline Characteristics By Sex. (N=1161)

Baseline Characteristics By Sex. (N=1161)

Variables

Total*
N=1161

Men*
N=725

Women*
N=436

p-value†

Demographics & HF Characteristics
Age (years)

72.0 (11.2)

69.8 (11.7)

75.8 (9.2)

<0.0001 [S]

Serelaxin administration (%)

581 (50.0%)

368 (50.8%)

213 (48.9%)

0.5295 [2]

White

1096 (94.4%)

680 (93.8%)

416 (95.4%)

0.2450 [2]

Eastern EU

562 (48.4%)

315 (43.4%)

247 (56.7%)

Western EU

204 (17.6%)

144 (19.9%)

60 (13.8%)

71 (6.1%)

45 (6.2%)

26 (6.0%)

Geographic region

South America

0.0001 [2]

North America

114 (9.8%)

85 (11.7%)

29 (6.7%)

Israel

210 (18.1%)

136 (18.8%)

74 (17.0%)

US-Like‡

786 (67.7%)

540 (74.5%)

246 (56.4%)

<0.0001 [2]

Left ventricular EF, %

38.6 (14.6)

35.1 (13.2)

44.7 (14.9)

<0.0001 [S]

EF<40%

598 (54.8%)

446 (64.8%)

152 (37.7%)

<0.0001 [2]

Ischemic heart disease

603 (51.9%)

419 (57.8%)

184 (42.2%)

<0.0001 [2]

7.9 (4.6)

7.7 (4.8)

861 (74.2%)
Total*
N=1161
397
(34.2%)

557 (76.8%)
Men*
260N=725
(35.9%)

Time to randomization (hours)
CHF 1 month prior

Variables
HF hospitalization past year

Chapter 68.2 (4.4)
304 (69.7%)
Women*
137N=436
(31.4%)

NYHA class 30 days before admission

0.0384 [1]
0.0074 [2]

p-value†
0.1225
[2]
0.0014 [2]

I

323 (28.1%)

186 (25.8%)

137 (31.8%)

II

304 (26.4%)

174 (24.2%)

130 (30.2%)

III

389 (33.8%)

268 (37.2%)

121 (28.1%)

IV

135 (11.7%)

92 (12.8%)

43 (10.0%)

Clinical variables
29.3 (5.7)

29.3 (5.3)

29.3 (6.3)

0.8964 [S]

Syst. Blood Pressure, mmHg

Body Mass Index, kg/m2

142.2 (16.6)

141.2 (16.5)

143.8 (16.7)

0.0110 [1]

Diast. Blood Pressure, mmHg

79.0 (14.2)

79.8 (14.0)

77.7 (14.5)

0.0125 [1]

Heart rate, beats/minute

79.7 (14.9)

79.1 (14.5)

80.6 (15.6)

0.1093 [1]

Respiratory rate, breaths/minute

21.9 (4.6)

21.7 (4.6)

22.3 (4.6)

0.0299 [1]

Edema

910 (78.9%)

578 (80.4%)

332 (76.3%)

0.1010 [2]

Orthopnea

1106 (95.8%)

689 (95.8%)

417 (95.9%)

0.9773 [2]

JVP

850 (75.5%)

533 (76.0%)

317 (74.6%)

0.5845 [2]

Dyspnea on exertion

1136 (99.6%)

708 (99.7%)

428 (99.5%)

0.6351 [3]

Congestion at baseline

Dyspnea by VAS
Rales

44.2 (20.0)

44.7 (19.9)

43.4 (20.1)

0.2839 [1]

1095 (94.8%)

679 (94.3%)

416 (95.6%)

0.3249 [2]

1006 (86.6%)

602 (83.0%)

404 (92.7%)

<0.0001 [2]

Comorbidities
Hypertension

  

120

120

Chapter 6

  

Chapter 6
Total*
N=1161

Men*
N=725

Women*
N=436

p-value†

Hypertension

1006 (86.6%)

602 (83.0%)

404 (92.7%)

<0.0001 [2]

Hyperlipidemia

617 (53.1%)

405 (55.9%)

212 (48.6%)

0.0167 [2]

Diabetes mellitus

551 (47.5%)

347 (47.9%)

204 (46.8%)

0.7229 [2]

Cigarette smoking

153 (13.2%)

127 (17.5%)

26 (6.0%)

<0.0001 [2]

Stroke or other cerebrovascular event

157 (13.5%)

101 (13.9%)

56 (12.8%)

0.5999 [2]

Peripheral vascular disease

155 (13.4%)

115 (15.9%)

40 (9.2%)

0.0012 [2]

Asthma, bronchitis, or COPD

184 (15.8%)

138 (19.0%)

46 (10.6%)

0.0001 [2]

Atrial fibrillation at screening

479 (41.3%)

284 (39.2%)

195 (44.8%)

0.0608 [2]

History of Atrial fibrillation or flutter

602 (51.9%)

354 (48.8%)

248 (56.9%)

0.0078 [2]

History of CRT or ICD procedures

294 (25.3%)

218 (30.1%)

76 (17.4%)

<0.0001 [2]

Myocardial infarction

403 (34.7%)

286 (39.4%)

117 (26.8%)

<0.0001 [2]

60 (5.2%)

34 (4.7%)

26 (6.0%)

0.3425 [2]

Pacemaker

121 (10.4%)

70 (9.7%)

51 (11.7%)

0.2701 [2]

Implantable cardiac defibrillator

154 (13.3%)
Total*
113
(9.7%)
N=1161

136 (18.8%)
Men*
96N=725
(13.2%)

18 (4.1%)
Women*
17
(3.9%)
N=436

<0.0001 [2]

ACE inhibitor

633 (54.5%)

392 (54.1%)

241 (55.3%)

0.6894 [2]

ACEi or ARBs

788 (67.9%)

492 (67.9%)

296 (67.9%)

0.9922 [2]

Angiotensin-receptor blocker

185 (15.9%)

112 (15.4%)

73 (16.7%)

0.5594 [2]

Beta-blocker

794 (68.4%)

507 (69.9%)

287 (65.8%)

0.1451 [2]

Aldosterone antagonist

365 (31.4%)

240 (33.1%)

125 (28.7%)

0.1151 [2]

Variables
Comorbidities

Depression
Devices

Biventricular pacing
Variables
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<0.0001
[2]
p-value†

  

Medication

Oral loop diuretic 30 days prior

44.7 (65.2)

50.5 (72.3)

34.9 (49.6)

<0.0001 [S]

Digoxin

228 (19.6%)

116 (16.0%)

112 (25.7%)

<0.0001 [2]

81 (7.0%)

42 (5.8%)

39 (8.9%)

0.0412 [2]

140.82 (3.59)

140.76 (3.60)

140.93 (3.57)

0.4183 [1]

1.19 (0.32)

1.18 (0.36)

1.20 (0.23)

0.3547 [S]

2.26 (0.15)

2.26 (0.16)

2.27 (0.14)

0.8622 [S]

Nitrates at randomization

   Baseline laboratory data
  
Sodium, mmol/L
  
Phosphate,
mmol/L
  
   Calcium, mmol/L
   Hemoglobin, g/dL
  
   White blood cell count, x10/L
   Lymphocyte, %
   Potassium, mmol/L
   Creatinine, umol/L
  
   Uric acid, umol/L
   Troponin T, ug/L§
   BUN, mmol/L

12.79 (1.86)

13.11 (1.89)

12.27 (1.68)

<0.0001 [S]

8.179 (2.843)

8.022 (2.637)

8.439 (3.142)

0.0243 [S]

18.17 (7.81)

18.50 (7.81)

17.64 (7.78)

0.0803 [1]

4.27 (0.63)

4.31 (0.64)

4.21 (0.61)

0.0098 [1]

116.58 (33.15)

126.28 (32.81)

100.58 (26.94)

<0.0001 [S]

475.8 (135.9)

488.1 (137.7)

455.4 (130.6)

<0.0001 [1]

0.035 (0.033,0.037)

0.037 (0.035,0.040)

0.031 (0.029,0.034)

0.0015 [S]

9.78 (4.03)

10.01 (3.96)

9.40 (4.10)

0.0132 [1]
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Variables
Variables
Baseline laboratory data
Variables
Sodium,laboratory
mmol/L data
Baseline
Sodium,
mmol/L
Phosphate,
mmol/L

Total*
N=1161
Total*
N=1161
Total*

Men*
N=725
Men*
N=725
Men*

Women*
N=436
Women*
N=436
Women*

N=1161
140.82
(3.59)

N=725
140.76
(3.60)

N=436
140.93
(3.57)

p-value†
p-value†
p-value†
0.4183
[1]

140.82
(3.59)
1.19 (0.32)

140.76
(3.60)
1.18 (0.36)

140.93
(3.57)
1.20 (0.23)

0.4183 [S]
[1]
0.3547

Phosphate,mmol/L
mmol/L
Calcium,

1.19 (0.15)
(0.32)
2.26

1.18 (0.16)
(0.36)
2.26

1.20
2.27 (0.23)
(0.14)

0.3547 [S]
[S]
0.8622

Calcium,
mmol/L
Hemoglobin,
g/dL

2.26 (0.15)
12.79
(1.86)

2.26 (0.16)
13.11
(1.89)

2.27 (0.14)
12.27
(1.68)

0.8622 [S]
<0.0001
[S]

Hemoglobin,
g/dLcount, x10/L
White
blood cell

12.79(2.843)
(1.86)
8.179

13.11(2.637)
(1.89)
8.022

12.27(3.142)
(1.68)
8.439

<0.0001
[S]
0.0243 [S]

White
blood cell
Lymphocyte,
% count, x10/L

8.179
18.17(2.843)
(7.81)

8.022
18.50(2.637)
(7.81)

8.439
17.64(3.142)
(7.78)

0.0243
0.0803 [S]
[1]

Lymphocyte,
%
Potassium,
mmol/L

18.17
(7.81)
4.27 (0.63)

18.50
(7.81)
4.31 (0.64)

17.64
(7.78)
4.21 (0.61)

0.0803 [1]
[1]
0.0098

Potassium,
Creatinine, mmol/L
umol/L

4.27 (0.63)
116.58
(33.15)

4.31 (0.64)
126.28
(32.81)

4.21 (0.61)
100.58
(26.94)

0.0098 [1]
<0.0001
[S]

Creatinine,
umol/L
Uric
acid, umol/L

116.58
(33.15)
475.8 (135.9)

126.28
(32.81)
488.1 (137.7)

100.58
(26.94)
455.4 (130.6)

<0.0001
<0.0001 [S]
[1]

Uric
acid, T,
umol/L
Troponin
ug/L§

475.8
(135.9)
0.035
(0.033,0.037)

488.1
(137.7)
0.037
(0.035,0.040)

455.4
(130.6)
0.031
(0.029,0.034)

<0.0001
[1]
0.0015 [S]

Troponin
T, ug/L§
BUN, mmol/L

0.0359.78
(0.033,0.037)
(4.03)

0.037
(0.035,0.040)
10.01
(3.96)

0.0319.40
(0.029,0.034)
(4.10)

0.0015
0.0132 [S]
[1]

BUN,
mmol/L
Cystatine
C, mg/L§

9.78
(4.03)
1.45
(1.43,1.48)

10.01
(3.96)
1.46
(1.43,1.49)

9.40
(4.10)
1.44
(1.40,1.48)

0.0132
0.4950 [1]
[1]

CystatineAminotransferase,
C, mg/L§
Alanine
U/L§

1.45 (22.7,24.4)
(1.43,1.48)
23.5

1.46 (22.7,25.0)
(1.43,1.49)
23.8

1.44
23.1 (1.40,1.48)
(21.8,24.5)

0.4950 [1]
[1]
0.4078

Alanine
Aminotransferase,
U/L§
NT-proBNP,
ng/L§

23.5 (4795,5326)
(22.7,24.4)
5054

23.8 (4615,5279)
(22.7,25.0)
4936

23.1 (4830,5714)
(21.8,24.5)
5253

0.4078
0.2579 [1]
[1]

NT-proBNP,
ng/L§
eGFR, mL/min
per 1.73m2

5054
(4795,5326)
53.49
(13.03)

4936
(4615,5279)
54.81
(12.84)

5253
(4830,5714)
51.32
(13.06)

0.2579 [1]
<0.0001
[1]

eGFR,
mL/min permmol/L
1.73m2
Total cholesterol,

53.49
4.09 (13.03)
(1.17)

54.81
3.97 (12.84)
(1.13)

51.32
4.30 (13.06)
(1.20)

<0.0001
<0.0001 [1]
[1]

Total
cholesterol,
Glucose,
mmol/L mmol/L

4.09
7.75 (1.17)
(3.57)

3.97
7.62 (1.13)
(3.48)

4.30
7.96 (1.20)
(3.71)

<0.0001
[1]
0.1202 [1]

Glucose,
Albumin,mmol/L
g/L

7.75 (3.57)
40.23
(4.33)

7.62 (3.48)
40.28
(4.57)

7.96 (3.71)
40.15
(3.91)

0.1202 [S]
[1]
0.6229

  

Albumin,
g/Lor geometric mean (95% CI) if log transformed,
40.23 (4.33)
40.28 (4.57)
40.15variables
(3.91)
[S]
Mean (SD),
for continuous
variables,
n variables,
(%) for categorical
**Mean
(SD),
or geometric mean (95% CI) if log
transformed,
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n (%)
for
categorical0.6229
variables
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Table 2:
Table 2:

Symptomatic Response By Sex
Symptomatic Response By Sex
Figure 2
Total IV diuretic doses through day 5

Total Cohort*
(n=1161)

Men*
(n=725)

Women*
(n=436)

p-value†

Change from baseline VAS score (mm)
Hour 6

80

60

9.55 (16.51)

Day 1n=362

18.74 (23.49)
n=352

22.35 (26.55)

*p = 0.0043

n=361

Day 5

n=352

*p = 0.0008

n=352

Day 14

25.94 (30.77)
*p = 0.0138

22.72 (34.52)

n=361

60
50
40
30

n=351
n=361

Dyspnea VAS AUC (mm x h)

0

Men

14.20 (19.33)

Day 2

40

20

Total daily dose of IV diuretics (mg)

n=352
Hour
12

n=360

8.92
(16.21)
10.60(mg)
(16.97)
Total
daily dose of IV diuretics
Women

0.0933 [1]

13.35 (19.74)

15.63 (18.57)

0.0518 [1]

17.77
n=212 (23.35)

20.35 (23.66)

0.0701 [1]

21.46 (27.02)

23.82 (25.70)

0.1420 [1]

27.68 (30.30)

0.1334 [1]

n=221

n=221

24.88 (31.02)n=211
22.01 (34.56)

20

n=210

7786.82 (9333.49)

10

7482.07 (9410.64)

8293.56 (9192.12)

Day 1 to day 5

2234.37 (2549.18)

0

2137.14 (2566.48)

2396.04 (2514.75)

Day 1

Day 2

Day 3

Day 4

Days
Placebo

Day 5

7489.24 (9077.60)

Day 1

Day 2

7201.79 (9152.91)

Serelaxin

Hour 6

544 (47.5%)

DayIV1diuretics use, cumulative dose from Day 1-5 (mg)
n=351

*p = 0.0059

Day 5

Men
751

915 (79.5%)
Total Cohort*
(n=1161)
857
(74.4%)

150General

wellbeing, change from baseline
in VAS score (mm)

50

0

Hour 6

9.12 (16.48)

Hour 12

13.61 (18.85)

Day 1

18.20 (22.72)

Day 2
Day 5

n=210

0.1515 [1]
0.0938 [1]

Day 4

Day 5

7967.23 (8940.94)
Days

21.19 (25.77)
Placebo

Serelaxin

313 (43.8%)

0.1642 [1]

Serelaxin

24.82 (30.43)

n=221

150

100

50

0

0.0156 [2]

231 (53.5%)

IV diuretics
use, cumulative dose from
1-5 (mg)
443 (62.0%)
308 Day
(71.1%)

(65.5%)

850 (74.0%)
n=360

Day 14

100

0.3661 [1]
n=221

Treatment by sex interaction P-value is from repeated-measures ANOVA model including effects of treatment, sex, visit,
treatment x visit, sex x visit, sex x visit, treatment x sex, and treatment x sex x visit.
385 (33.6%)
221 (31.0%)
164 (38.0%)
Treatment-by-sex interaction P-value from type III test is 0.3985

Hour 12

Day 2

Day 3
Placebo

Dyspnea markedly or moderately improved per Likert scale, n (%)

200

n=221

23.90 (34.46)
n=211

Baseline to day 14

Day 1 to day 14

250

n=221

0.0015 [2]
Women
0.0017

510 (71.3%)

340 (78.5%)

0.0070 [2]

555 (77.4%)
Men*
(n=725)
523
(72.8%)

360 (82.9%)
n=210
Women*
(n=436)
334
(77.0%)

0.0240 [2]

0.1933 [1]

p-value†
0.1208
[2]

8.63 (16.12)

9.93 (17.06)

13.04 (18.64)

14.56 (19.19)

0.1843 [1]

17.45 (22.14)

19.44 (23.63)

0.1491 [1]

20.47 (25.86)
23.50 (30.25)

22.39 (25.61)
Placebo

0.2194 [1]

Serelaxin

27.00 (30.64)

Treatment by gender interaction P-value is from linear regression model including effects of treatment, gender, and treatment x gender.
Treatment-by-gender
interaction P-value 20.48
is 0.4239
21.35 (33.67)
(33.28)
22.81 (34.30)

Day 14

  

[2]

0.0579 [1]
0.2530   [1]

General wellbeing Likert score
Hour 6

Hour
12
There
were
Day 1

0.99 (1.11)

no relevant sex

(1.17)
differences 1.31
regarding
1.60 (1.36)

0.94 (1.09)
1.23in
(1.19)
changes
body
1.53 (1.36)

1.07 (1.12)
(1.13)
weight,1.44
worsening
1.71 (1.35)

0.0324 [W]
0.0018failure
[W]
heart
0.0040 [W]

and outcome
(Figure 3), but women showed
a trend towards
longer ICU/CCU
stays [mean
(SD),
Day 2
1.75 (1.49)
1.64 (1.55)
1.91 (1.38)
0.0012
[W]
Day 5

1.84 (1.77)

1.77 (1.83)

1.97 (1.67)

0.0434 [W]

4.05 Day
(7.67)
days vs. 3.51 (6.63) days, P=0.0248]
and total
initial hospital stays
[10.37 (9.62)
days
14
1.56 (2.07)
1.51 (2.11)
1.65 (2.01)
0.3751 [W]
Mean(9.17)
(SD) for
continuous
variables
and n(%) for
categorical variables (% based on total number of
vs.*9.87
days,
P=0.0258]
compared
to men.
missing value of
the characteristic).
* Mean (SD) for continuous variables and n(%) for categorical variables (% based on total number of patients with a non-

  

patients with a non-missing value of the characteristic).
† Based on t-tests [1] for continuous variables, and chi-squared tests [2] for categorical variables.Wilcoxon Rank Sum test
† Based
[1]for
forGeneral
continuous
variables,
and chi-squared tests [2] for categorical variables.
[W] willon
bet-tests
performed
Well Being
Likert Score.
Wilcoxon Rank Sum test [W] will be performed for General Well Being Likert Score.
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Figure  1  
a) Dyspnea Likert Scale at 6h, 12h and 24h by treatment and sex
Figure 2
Dyspnea Likert Scale

Moderately improved

Markedly improved

Minimally improved
Markedly worsened

Total IV diuretic
doses
throughModerately
day 5 worsened
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worsened
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Se

Day 2

Pl

Day 1

n=212

n=351

60

Women

n=221

30

*p = 0.0138

n=361

40

0

Total daily dose of IV diuretics (mg)

40

*p = 0.0008

n=352

20

20

Treatment by Sex interaction
P value = 0.4347

60

n=362

60

No change

Treatment by sex interaction P-value is from repeated-measures ANOVA model including effects of treatment, sex, visit,
treatment x visit, sex x visit, sex x visit, treatment x sex, and treatment x sex x visit.
Treatment-by-sex interaction P-value from type III test is 0.3985

6h

12 h

IV diuretics use, cumulative dose from Day 1-5 (mg)

24 h

Men

IV diuretics use, cumulative dose from Day 1-5 (mg)

n=221improved dyspnea
Interaction P values
are for the
proportions of patients with markedly or moderately
n=351
  
*p = 0.0059

250

b) Dyspnea VAS AUC change from baseline to day 5 by treatment and sex

200

n=360

35
35

100

30
30

Mean change from
from baseline
baseline (mm)
(mm)

150

50

n=210

100

InteractionPPvalue
value==0.2557
0.2557
Interaction

50

25
25
0

0

  

Women

150

Placebo

20
20

Serelaxin

Placebo

Serelaxin

Treatment by gender interaction P-value is from linear regression model including effects of treatment, gender, and treatment x gender.
Treatment-by-gender interaction P-value is 0.4239
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There were no relevant sex differences regarding changes in body weight, worsening heart failure
Male
h)h)
Male++Placebo
Placebo(n(n==357,
357,AUC:
AUC:2194
2194(SD
(SD3129)
3129)mm
mmx x
55
and outcome
(Figure 3), but women showed
a trend
towards
longer
ICU/CCU
stays [mean (SD),
Female
3003)
mm
x h)
Female++Placebo
Placebo(n(n==233,
223,AUC:
AUC:2491
2491(SD
(SD
3003)
mm
x h)
Male
(n (n
= 368,
AUC:
2634
(SD(SD
2585)
mmmm
x h)x h)
Male++Placebo
Serelaxin
= 368,
AUC:
2634
2585)

++Placebo
(n (n
= 213,
AUC:
2965
(SD(SD
2586)
mmmm
x h)x h)
Female
Serelaxin
= 213,
AUC:
2965
2586)
00
4.05 (7.67)
days vs. 3.51 (6.63) days,Female
P=0.0248]
and
total
initial
hospital
stays [10.37 (9.62) days
BL
BL 6h
6h 12h
12h

Day
Day11

Day
Day2 2

Day
3 3
Day

vs. 9.87 (9.17) days, P=0.0258] compared
to men.
Follow-up
Follow-up

Day
4 4
Day

Day
5 5
Day

Treatment
ANOVA
model
including
effects
of of
Treatmentby
bygender
genderinteraction
interactionPPvalue
valueisisfrom
fromrepeated-measures
repeated-measures
ANOVA
model
including
effects
treatment,
treatment
x visit,
sex
x visit,
and
treatment,sex,
sex,visit,
visit,baseline
baselinemeasure,
measure,baseline
baselinemeasure
measurex xvisit,
visit,
treatment
x visit,
sex
x visit,
and
treatment
treatmentx xsex
sex
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The change from baseline in dyspnea visual analogue scale AUC to day 5 primary dyspnea
Figure
2
endpoint
did not vary by sex. However, there was a significantly higher proportion of women
Total
IV men
diuretic
through
day 5 dyspnea improvement measured by Likert scale during the
than
withdoses
moderate
or marked
first 24 hours, which was the other primary endpoint in RELAX-AHF.
80

Total daily dose of IV diuretics (mg)

Men

50

20

n=212

n=352

*p =to
0.0043
in women compared
men. But there were consistently
higher rates of women with markedly
40
n=352
n=361

40

Women

Likewise, the change from baseline in dyspnea visual
n=221 analogue scale score was not different
n=362

60

Total daily dose of IV diuretics (mg)

60

n=352

n=221

*p = 0.0008

n=352

n=211

n=221
*p = 0.0138
n=221
or moderately improved
Likert score
n=361 dyspnea per Likert scale and higher general wellbeing
n=351

30

n=361

n=211

20

values in women, both through 24 hours and through 5 days, respectively.
n=360

n=210

n=221

10

0

Day 1

Day 2

Day 3

Days

Day 4

0

Day 5

Day 1

Day 2

Day 3

n=210

Day 4

Day 5

Days

Diuretic doses, Treatment Response And Post-Discharge Outcome By Sex
Placebo

Serelaxin

Placebo

Serelaxin

Treatment by sex interaction P-value is from repeated-measures ANOVA model including effects of treatment, sex, visit,
treatment x visit, sex x visit, sex x visit, treatment x sex, and treatment x sex x visit.
Treatment-by-sex interaction P-value from type III test is 0.3985

Details on the diuretic doses, treatment response and post-discharge outcome by sex are
IV diuretics use, cumulative dose from Day 1-5 (mg)
shown
in Table
3. *p = 0.0059
n=351

250
200

Men

IV diuretics use, cumulative dose from Day 1-5 (mg)
n=221

Women

150
n=210

n=360

100

150
100

50

50
0

0
Placebo

Serelaxin

Placebo

Serelaxin

Treatment by gender interaction P-value is from linear regression model including effects of treatment, gender, and treatment x gender.
Treatment-by-gender interaction P-value is 0.4239

  

  
There were no relevant sex differences regarding changes in body weight, worsening heart failure
and outcome (Figure 3), but women showed a trend towards longer ICU/CCU stays [mean (SD),
4.05 (7.67) days vs. 3.51 (6.63) days, P=0.0248] and total initial hospital stays [10.37 (9.62) days
vs. 9.87 (9.17) days, P=0.0258] compared to men.
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Table 3:
Table 3: Diuretic Doses, Treatment Response And Post-Discharge Outcome By Sex

Diuretic Doses, Treatment Response And Post-Discharge Outcome By Sex  
Total Cohort*
(n=1161)

Men*
(n=725)

Women*
(n=436)

p-value†

Total IV loop diuretic dose through day 5
(mg)

187.21 (316.02)

215.36 (364.91)

140.76 (204.10)

<0.0001 [S]

Total oral loop diuretic dose through day 5
(mg)

187.70 (191.79)

199.12 (204.05)

168.86 (168.20)

0.0067 [S]

1.72 (2.00)

1.87 (2.07)

1.48 (1.85)

0.0005 [W]

Diuretic doses and treatment response

Study Day of moderately or markedly
improved dyspnea through day 5
Study Day of worsening HF through day 5

5.65 (1.19)

5.61 (1.25)

5.71 (1.08)

0.1395 [W]

157 (13.56%)

106 (14.67%)

51 (11.71%)

0.1522 [L]

Day 1

-1.48 (1.98)

-1.56 (2.11)

-1.33 (1.73)

0.0433 [S]

Day 2

-2.03 (2.46)

-2.13 (2.65)

-1.87 (2.09)

0.0752 [S]

Day 5

-2.86 (3.34)
Total Cohort*
(n=1161)
-3.31
(4.26)

-2.93 (3.50)
Men*
(n=725)
-3.49
(4.60)

-2.76 (3.05)
Women*
(n=436)
-3.02
(3.64)

0.4210 [S]

Uncontrolled blood pressure‡

271 (23.3%)

157 (21.7%)

114 (26.1%)

0.0798 [C]

Length of ICU/CCU stay (days)

3.71 (7.04)

3.51 (6.63)

4.05 (7.67)

0.0248 [W]

Length of initial hospital stay (days)

10.06 (9.34)

9.87 (9.17)

10.37 (9.62)

0.0258 [W]

Days alive and out of hospital before day 30

20.61 (6.64)

20.68 (6.80)

20.47 (6.38)

0.1001 [W]

Death or worsening HF or readmission to
hospital for HF through day 30

200 (17.30%)

129 (17.87%)

71 (16.34%)

0.4556 [L]

CV death or readmission to hospital for HF or
renal failure through day 30

83 (7.20%)

50 (6.95%)

33 (7.62%)

0.6769 [L]

CV death or readmission to hospital for HF or
renal failure through day 30 after discharge

92 (8.17%)

55 (7.82%)

37 (8.76%)

0.5790 [L]

All-cause death through day 30

31 (2.68%)

16 (2.22%)

15 (3.46%)

0.2100 [L]

154 (13.36%)

97 (13.48%)

57 (13.17%)

0.9028 [L]

CV death through day 180

88 (7.68%)

57 (7.98%)

31 (7.20%)

0.6484 [L]

All-cause death through Day 180

107 (9.31%)

68 (9.46%)

39 (9.06%)

0.8059 [L]

Worsening HF through day 14
Change in bodyweight from baseline (kg)

Day 14

p-value†
0.0642
[S]

Outcome

All-cause death or readmission to hospital for
HF or renal failure through day 60

  

Mean (SD)
variables;
N (%) for
categorical
variables (%variables
based on total
with a non**Mean
(SD)forforcontinuous
continuous
variables;
N (%)
for categorical
(% number
based of
onpatients
total number
of patients with a nonmissing value
of of
the the
characteristic);
and number
events (K-M%)
for (K-M%)
time-to-event
missing
value
characteristic);
and of
number
of events
forvariables.
time-to-event variables.
† Based on Satterthwaite method [S] (if equal variance assumption violated) for continuous variables, Wilcoxon rank sum test
† Based
Satterthwaite
methodtest[S]
variance
assumption
violated)
fortime-to-event
continuous
variables, Wilcoxon rank
[W] for on
count
variables,chi-squared
[C](if
forequal
categorical
variables,
and logrank
test [L] for
variables.
test [W]blood
for pressure
count variables,chi-squared
[C]orfor
categorical
variables,
logrank
test
[L]
for time-to‡sum
Uncontrolled
is defined as systolic >150test
mmHg
diastolic
>90 mmHg
at day 2 and
and through
day
5, or
at time
of
discharge
(if discharge time <=day 5), whichever occurs first.
event variables.

‡ Uncontrolled blood pressure is defined as systolic >150 mmHg or diastolic >90 mmHg at day 2 and through day 5, or
at timewere
of discharge
(iflower
discharge
whichever
Women
treated with
total IVtime
and <=day
oral loop5),
diuretic
doses occurs
throughfirst.
day 5, respectively (Figure 2), but dyspnea improved earlier

  
  moderately or markedly through day 5 in women.

Women were treated with lower total IV and oral loop diuretic doses through day 5, respectively
(Figure 2), but dyspnea improved earlier moderately or markedly through day 5 in women.
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Figure 2
Figure
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IV2diuretic doses through day 5
Total IV diuretic doses through day 5
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*p = 0.0043

n=361
n=352

n=352

n=352 n=361

n=352

*p = 0.0138

*p = 0.0008
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Day 1
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Day 4
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Day 5

Day 4
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Total daily dose of IV diuretics (mg)
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n=212
n=221
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30
40

n=221

n=211
n=221

n=221
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0
10
0

Day 5

n=221
n=211

n=211
n=221
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Day 3

n=221

Total daily dose of IV diuretics (mg)

n=221 n=210
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Day 1
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Day 1

Day 2

Placebo
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Day 3

Day 4
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Treatment by sex interaction P-value is from repeated-measures ANOVA model including effects of treatment, sex, visit,
Days
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Placebo SerelaxinTreatment-by-sex interaction P-value from type III test is 0.3985
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200
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n=210
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Treatment by gender interaction P-value is from linear regression model including effects of treatment, gender, and treatment x gender.
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  There were no relevant sex differences regarding changes in body weight, worsening heart failure
There
were no(Figure
relevant
regarding
changes
in longer
body weight,
worsening
heart(SD),
failure
and outcome
3),sex
but differences
women showed
a trend
towards
ICU/CCU
stays [mean
and
(Figure
3), but
women
a trend
longer
ICU/CCU
4.05outcome
(7.67) days
vs. 3.51
(6.63)
days,showed
P=0.0248]
andtowards
total initial
hospital
stays stays
[10.37[mean
(9.62)(SD),
days
4.059.87
(7.67)
days
vs. 3.51
(6.63) days,
P=0.0248]
and total initial hospital stays [10.37 (9.62) days
vs.
(9.17)
days,
P=0.0258]
compared
to men.
vs. 9.87 (9.17) days, P=0.0258] compared to men.
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Figure 3
Kaplan-Meier estimates for CV-mortality through Day 180 stratified by treatment and sex  

K-M estimate of CV mortality (%)
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P-value for log-rank test=0.101
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Serelaxin
Serelaxin

368
213

205

204

201
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339
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Men: HR=0.746 (0.442, 1.259); p=0.273. Women: HR=0.422 (0.194, 0.916); p=0.029.
Treatment by sex interaction p-value is 0.232

286
177

  

  
Interaction Analyses of Differential Effects by Sex
Physician-assessed signs and symptoms of congestion, such as dyspnea on exertion, orthopnea,
edema or rales, did not vary by treatment and sex (Figure 4). Moreover, women did not show different
outcome than men in any of the analyzed endpoints. Neither did the relationship of sex with outcome
vary by treatment with serelaxin, the presence of heart failure with preserved ejection fraction or both
characteristics.
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Figure 4
Physician assessed signs and symptoms of congestion at Day 2 stratified by treatment and sex
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Effect of selected characteristics on early dyspnea improvement
A multi-variable logistic regression model was built to assess the association between moderately
or markedly better dyspnea on the Likert scale at 6, 12 and 24 hours using selected baseline
characteristics, such as sex, HF status, age, pulse pressure, heart rate, and loop diuretic dose as
covariates (Table 4). Male sex, age and total diuretic dose showed independent negative association
with dyspnea improvement within 24 hours.
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Table
Table44

Association
moderately
or markedly
better
dyspnea
on theon
Likert
6,12 at
and
24 hours
and selected characte
Associationbetween
between
moderately
or markedly
better
dyspnea
the scale
Likertatscale
6,12
and 24
N=1076)
hours
and selected characteristics* (N=1076)  

(

Coefficient
(95% CI)

Std. Err

Odds Ratio
(95% CI)

p-value

Male

-0.5032
(-0.8053, -0.2011)

0.1541

0.605
(0.447, 0.818)

0.0011

LVEF>=50

-0.1579
(-0.4959, 0.1801)

0.1725
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0.3598

Age

-0.0200
(-0.0330, -0.0070)

0.0066
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(0.968, 0.993)

0.0026

Pulse pressure

-0.0025
(-0.0113, 0.0064)
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0.998
(0.989, 1.006)

0.5861

Heart rate

0.0055
(-0.0041, 0.0152)

0.0049

1.006
(0.996, 1.015)

0.2607

Total diuretic dose†

-0.0031
(-0.0053, -0.0009)

0.0011
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0.0067
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regression
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Changes in Biomarkers
The changes of hs-Troponin-T, NT-proBNP, and Cystatin-C from baseline to day 2, 5, and 14 in men
and women are presented in Figure 5. Both, men and women, showed a marked early decrease of
NT-proBNP levels during the first 2 days of treatment. These levels further decreased in both sexes
through day 5 and persisted through day 14. NT-proBNP changes were paralleled by increasing
levels of Cystatin-C in both sexes by day 5 and day 14. The levels of hs-Troponin-T decreased
through days 5 and 14 in men and women.  
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Figure 5

Figure 5

Biomarker changes from baseline to Day 2, 5, and 14 in men and women  

Biomarker changes from baseline to Day 2, 5, and 14 in men and women  
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Discussion
  
Marked or moderate early dyspnea improvement using the 7-item Likert scale was seen more often
in women admitted for acute heart failure, and persisted over the first 5 days. These improvements
were not paralleled by the VAS-scale assessments. Similarly, general wellbeing, using the Likert
scale over the first 5 days, improved significantly better in women, but this was not seen when the
VAS wellbeing score was used. Other clinical outcome parameters were similar between men and
women, and serelaxin was equally effective in men and women.

Dyspnea Improvement by Sex
Dyspnea is a complex symptom in patients with acute heart failure. Patient reported dyspnea relief
is a clinically meaningful treatment goal because persistent dyspnea is associated with adverse
outcome.6,7 It is advocated as a patient-relevant endpoint for heart failure trials by regulatory
authorities.8
Therefore, our findings that women have a greater early dyspnea relief may be of clinical relevance.
Although this difference could likely be explained by factors related to female sex (e.g. hypertension,
HFpEF), our multivariable analysis showed that female sex was an independent predictor of early
dyspnea relief. No sex differences in dyspnea relief between men and women were found in a posthoc analysis of the PROTECT pilot study. However, patient numbers were small and no adjustments
for preserved left ventricular ejection fraction were made.9 Comparable studies of early dyspnea
relief in acute heart failure patients have not considered sex as covariate.7
The underlying cause of our findings is difficult to explain. Remarkably, more intense dyspnea relief
in women occurred despite using lower total IV and oral loop diuretic doses and less weight loss
through day 5 in women compared to men, and comparable drops of NT-proBNP values were seen
in both sexes. Theoretically, unmeasured confounders, such as iv. inotropic therapy or vasodilators,

132

132

References

used as rescue therapies, might have been used more frequently or could have had different effects
in women. Also, less diuretic treatment and less weight loss could be required in women to reach
comparable outcome and better symptomatic relief. It is evidenced by trial results and registry data
in acute heart failure that overall outcome does not differ between men and women despite
significantly lower diuretic doses and less absolute weight loss.3,10 It should be noted that all
measured surrogates of congestion at baseline, such as edema, orthopnea, jugular venous
pressure, dyspnea on exertion, and rales, were well balanced between men and women. Thus, it
might be speculated that different symptom perception per se is responsible for the higher rates of
moderate to marked dyspnea relief in women over men. Alternatively, underlying pathophysiological
differences in fluid distribution may have translated to differences in symptoms. An acute
cardiovascular, hypertensive type of failure has been proposed as subtype of acute heart failure.11
It is common in the elderly, patients with history of hypertension, and women, and is characterized
by preserved left ventricular ejection faction.11 In this type of heart failure, ventricular and vascular
stiffness play important pathophysiological roles, with a vulnerability to any disorder of fluid balance,
resulting in a rapid increase of vascular resistance, blood pressure and increased pulmonary
pressure.11 Notably, the increase in pulmonary arterial pressure and the pulmonary capillary wedge
pressure were previously identified as major determinants of dyspnea in an analysis of the
hemodynamics of acute heart failure patients.12 Because data from community dwelling subjects
have proven that women have greater aortic stiffening and lower total arterial compliance than men13,
it might be speculated that rapid changes of intracardiac and intrapulmonary pressures as surrogates
for dyspnea depend to a greater extend on changes of vascular volume load in women than men.
This could explain why early vasoactive and decongestive therapy might have more intense effects
in women than men, and that this could translate into differences in perceived dyspnea relief. These
effects are more likely to be pronounced early during standard treatment, when the most intense
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reduction of vascular resistance and ventricular afterload are usually seen in acute heart failure
patients.12
The question why marked or moderate early dyspnea improvement was seen more often in women
using the 7-item Likert scale and not by the VAS-scale assessments could be due to the different
aspects that are covered by the two different measurement scales. Notably, the Likert scale was
used to assess early (6 – 24 h) dyspnea relief whereas the VAS-scale was used to quantify persistent
dyspnea relief by the change in VAS area under the curve (VAS AUC) through Day 5, as specified
in the study protocol.14 The MEASURE-HF study indicated that the Likert scale categories reflect
initial improvement relative to the baseline status without capturing relevant improvement at later
timepoints; contrarily, VAS scores of dyspnea improved steadily.15 Likert scale assessment
emphasizes the change of perceived dyspnea compared to the most severe symptom sensation at
baseline. The effect is more clearly measurable as an improvement on its categorical scale with
higher initial symptom severity, but it is increasingly difficult to be captured the more time passes by.
VAS scores capture the particular instantaneous state of dyspnea on a continuous scale individually
at different timepoints. However, it is noteworthy that a trend towards higher change from baseline
VAS score (mm) in women compared to men was detectable at the time points 6 and 12 hours and
after one day (P=0.0933, P=0.0518 and P=0.0701, respectively) what also translated to a trend in to
higher change from dyspnea VAS AUC (mm x h) from Day 1 to day 5 (P= 0.0938) in women.

Serelaxin effects in Men and Women
Although relaxin is commonly known to exert various biologic effects in women during pregnancy,
data on sex-specific cardio-vascular effects are scarce. Debrah et al. demonstrated in a rat model
that recombinant relaxin increases cardiac output and reduces arterial load in both male and female
rats.16 In a recent subgroup analysis, it was shown that serelaxin was equally effective in men and
women.17 The results of our interaction analyses confirm that sex does not modify the effects of
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serelaxin on dyspnea relief and/or any death- or rehospitalization-related outcomes in men and
women.

Conclusion
Women exhibit better earlier dyspnea relief and improvement in general wellbeing compared with
men, even adjusted for age and left ventricular ejection fraction. However, in-hospital and postdischarge clinical outcome were similar between men and women.
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Summary and conclusions
The aims of the thesis were to characterize differences between women and men with heart failure.

In summary, this Ph.D. thesis established the following:

In Chapter 2 it is shown that sex is a strong modulator of the clinical manifestation of
cardiomyopathies, and that sex-specific characteristics are detectable in all classes.
  
In  Chapter 3  the  differences  between  women  and  men  in  the  development  of  new-onset  heart  failure  
in   the   general   population   are   shown.   It   is   demonstrated   that   men   develop   heart   failure   more  
frequently  and  at  a  younger  age  than  women,   which  primarily  refers  to  heart  failure  with  reduced  
ejection  fraction  after  having  sustained  a  myocardial  infarction.  However,  women  have  higher  risk  
for  heart  failure  with  preserved  ejection  fraction,  usually  at  older  age,  with  atrial  fibrillation  being  a  
specific  female  risk  factor  among  a  variety  of  established  cardiovascular  risk  factors.    
  
Chapter   4   shows   that   female   heart   failure   patients   exhibit   typical   clinical   characteristics   such   as  
higher   age,   more   preserved   LVEF,   less   ischaemic   cardiomyopathy,   and   more   hypertension   and  
signs  of  congestion  compared  with  male  patients.  They  have  a  better  prognosis  compared  with  male  
patients,  irrespective  of  the  differences  in  clinical  characteristics.  However,  the  biological  background  
for  the  survival  benefit  for  women  with  heart  failure  is  unclear.  It  is  demonstrated  that  the  levels  of  
biomarkers  related  to  inflammation  [CRP,  pentraxin  3,  GDF-15,  and  IL  6]  and  extracellular  matrix  
remodelling   (syndecan-1   and   periostin)   are   significantly   lower   in   women   versus   men   with   heart  
failure  as  opposed  to  reports  on  levels  of  these  markers  in  the  general  population.  NT-proBNP,  TNF-
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αR1a,   and   GDF-15   have   strongest   interaction   between   sex   and   mortality,   while   MPO,   syndecan,  
galectin  3,  and  ESAM  also  have  sex-dependent  prognostic  value.  These  findings  indicate  that  the  
biological  state  of  heart  failure  at  admission  is  less  advanced  in  women  compared  with  men  which  
likely  translates  into  post-discharge  outcome  differences.    
  
Chapter  5  shows  that  in  contrary  to  chronic  heart  failure  the  risk-adjusted  outcome  of  women  with  
acute  heart  failure  is  comparable  to  that  of  men.  They  present  with  a  different  clinical  phenotype,  
with   more   hypertension,   diabetes,   and   depression,   and   a   preserved   LVEF,   and   they   are   less  
intensively  diuresed.    
  
Chapter  6  shows  that  women  exhibit  earlier  and  better  dyspnea  relief  and  improvement  in  general  
wellbeing   after   admission   for   acute   heart   failure   compared   with   men   and   that   female   sex   is   an  
independent  predictor  of  dyspnea  relief  even  adjusted  for  age  and  left  ventricular  ejection  fraction.  
Additionally,  it  is  proven  that  in  acute  heart  failure  the  in-hospital  and  post-discharge  outcomes  are  
similar  between  men  and  women.  
  
Overall,   this   thesis   adds   to   the   body   of   knowledge   in   terms   of   describing   sex   differences   in  
cardiomyopathies,  analyzing  the  clinical  phenotype  of  women  with  chronic  and  acute  heart  failure  
and   assessing   biomarker   differences   between   men   and   women   as   surrogates   for   different  
pathophysiologic  pathways  and  potential  indicators  of  outcome  differences.  
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Conclusion
The   knowledge   of   sex   differences   in   the   continuum   of   heart   failure,   as   one   of   the   most   relevant  
clinical   syndrome   in   the   cardiovascular   disease   spectrum,   is   steadily   increasing   but   still   far   from  
being  complete.  Since  the  launch  of  public  awareness  campaigns,  such  as   The  Women  At  Heart  
and  Red  Alert  for  Women’s  Hearts  initiatives  by  the  European  Society  of  Cardiology  and  the  Go  Red  
For  Women®  initiative  by  the  American  Heart  Association,  the  research  focus  appears  to  be  shifting  
from  under-representation  of  women  in  clinical  trials,  over  under-treatment  in  the  real-world  towards  
underlying  pathophysiological  differences  between  men  and  women.  In  parallel,  women  with  heart  
failure   gain   more   attention   through   the   currently   evolving   concept   of   heart   failure   failure   with  
preserved   ejection   fraction,   which   has   huge   and   increasing   public   health   implications   especially  
because   it   predominantly   affects   women.   The   pathophysiological   differences   between   men   and  
women  with  heart  failure  are  reflected  in  the  epidemiology  of  both  heart  failure  entities  but  require  
considerably  more  understanding  of  the  sex-specific  underlying  mechanisms.
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Perspective
Sex- and gender-based medicine is one of the most essential aspects of personalized medicine.
However, the evidence for specific diagnostic and treatment modalities for women with heart failure
is limited.
At the beginning of the work of this thesis most of the body of existing evidence regarding sex
differences in cardiovascular disease focused on the disparity in ischemic heart disease. The
available analyses of sex differences in heart failure mainly addressed patient- and treatment
characteristics in registry data and single clinical trials but did not consider underlying biologic
processes. They suggested a survival advantage for women with chronic heart failure despite less
intensive treatment of women, whereas in acute heart failure the outcome of men and women
appeard to be equal.
Building on that, we intended to establish more evidence on sex differences in the clinical
manifestation and outcomes of heart failure and specifically sought to analyse potentially differing
underlying pathophysiologic mechanisms. It turned out that biologic differences not only manifest in
the phenotypes of cardiomyopathies, a common etiology of heart failure, but that there is a complex
interaction between biologic sex and the epidemiology of both heart failure entities, HFrEF and
HFpEF. In this context, the question is if being men or women is an independent distinct risk factor
for heart failure or if sex is merely reflecting risk through differences of other factors in men and
women. Currently, it is only partly explained which factors influence or explain the disparities in both
types of heart failure and their outcomes by sex in both, the chronic and acute setting. Our results
on different serum levels and risk predictive value of biomarkers indicative of different key
pathophysiologic pathways in men and women provide a potential starting point to further clarify the
sex-specific role of biomarkers in heart failure patients. It is noteworthy that during hospitalization for
heart failure women have significantly lower serum concentrations of many biomarkers compared to
men, whereas these biomarkers appear to have higher levels in women in the general population.
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This suggests that there are differences between men and women in the severity of heart failure
which may have an impact on the outcome. Therefore, it is important to know which pathophysiologic
processes are involved and which biomarkers have a different risk-predictive value in men and
women. Future analyses in acute heart failure will adress this issue and we will consider potential
differences between HFrEF and HFpEF and check if biomarker differences are really sex (-hormone)
driven or just the result of underlying differences in comorbidities. If the biomarker levels at hospital
admission for acute heart failure are also lower in women compared to men, the question would be
why this does not translate into short term survival benefit for women with acute heart failure as we
demonstrated for women in a phase of stabilized heart failure for longer term survival. Are there
specific clinical events and treatment characteristics during hospitalization for acute heart failure who
lead to different outcome consequences for women compared to men? Might the time course of
biomarkers be helpful for risk prediction and treatment individualization in this context?
Serum biomarkers are not only key indicators of the current disease state but may also reflect
disease progression or response to treatment if they are repeatedly measured over time. Future
studies should not be limited to the assessment of the risk predictive value of baseline
measurements. Upcoming projects will also assess the longitudinal biomarker trajectories over time
per sex. It will be of special interest to identify underlying homogenuous patient groups of women
and men in terms of their baseline biomarker status and the trajectories of biomarkers over time and
relate those groups of similar patients to clinical endpoints, such as cause specific death, to analyze
differential effects of sex. Likewise, it is planned to address potential sex differences in the risk
related to intermediate events over time, such as incident worsening renal function and worsening
heart failure, both of which have profound adverse prognostic effects. We have found first evidence
suggesting that the early dyspnea response to treatment of acute heart failure may differ between
men and women. However, currently the underlying mechanisms responsible for this difference
remain unclear, so that it is also planned to analyze the role of biomarkers in this context.
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From a broader pathobiologic point of view, sex differences of biomarkers also need to be addressed
in the systems biology context in the future, to clarify differences between men and women in the
interactive networks and causal pathways, from the genetic traits (genomics), over gene regulation
(mRNAs) to their expression (proteomics) level.
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Dutch Summary

Het doel van dit proefschrift was het karakteriseren van verschillen tussen vrouwen en mannen met
hartfalen.

Verschillen tussen mannen en vrouwen zijn een essentieel onderdeel van personalized medicine,
hetgeen staat voor op het individu toegespitste behandeling. Het begrijpen van mogelijke verschillen
tussen mannen en vrouwen in de manifestatie van hart- en vaatziekten is van belang voor de
verbetering van de klinische behandeling van hart- en vaatziekten en heeft gevolgen voor de
ontwikkeling van nieuwe behandelingen. Dit heeft geleid tot concrete initiatieven van de Europese
en Amerikaanse organisaties, zoals de Amerikaanse Food and Drug Administration (FDA), het
European Medicines Agency (EMEA), de American Heart Association (AHA) en de European
Society of Cardiology (ESC). Ze hebben aanzienlijke inspanningen gemaakt om meer inzicht te
krijgen in de geslachtsverschillen binnen hart-en vaatziekten. Dit is van belang omdat er mogelijk
geslachtsspecifieke

verschillen

zijn

tussen

mannen

en

vrouwen

in

de

onderliggende

ziektemechanismen.

Hartfalen is vaak het gevolg van cardiomyopathieën. In Hoofdstuk 2 hebben we onderzocht hoe de
prevalentie van cardiomyopathieën tussen mannen en vrouwen verschilt en in welke mate de
klinische karakteristieken van de verschillende vormen van cardiomyopathieën verschillen tussen
mannen en vrouwen. Hieruit bleek dat geslacht een sterke modulator is van de klinische manifestatie
van

cardiomyopathieën,

en

dat

geslacht-specifieke

kenmerken

in

alle

vormen

van

cardiomyopathieën waarneembaar zijn. Hier bleek dat de verschillende vormen van hypertrofische
cardiomyopathieën veel vaker bij mannen voorkomen. Dit geldt voor zowel de familiaire en nietfamiliaire vormen. Eenzelfde geslachtsverschil werd waargenomen voor de familiaire en bijna alle
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niet-familiaire vormen van gedilateerde cardiomyopathieen. Peripartum cardiomyopathie komt uniek
in vrouwen voor en Tako-Tsubo cardiomyopathie komt bijna uitsluitend bij vrouwen voor. Dit kan
worden geïnterpreteerd als een duidelijke aanwijzing voor een invloed van geslachtshormonen op
het fenotype van cardiomyopathieën.

Naast deze verschillende vormen van primaire myocardiale ziekte, is coronaire hartziekte met als
gevolg een myocardinfarct een veel voorkomende oorzaak van hartfalen. Bij ons onderzoek naar
verschillen in de ontwikkeling van hartfalen tussen mannen en vrouwen in de algemene bevolking
werd duidelijk dat mannen vaker hartfalen met verminderde pompfunctie krijgen en ook op jongere
leeftijd. Dit is vooral het gevolg van hartinfarcten. Het kenmerkende voor vrouwen is, dat zij op
significant hogere leeftijd hartfalen ontwikkelen dan mannen. Ze ontwikkelen dan een specifiek type
van hartfalen met behouden pompfunctie. Zelfs rekening houdend met de hogere leeftijd, een aantal
andere bevestigde cardiovasculaire risicofactoren en verschillen in de algemene sterfte van mannen
en vrouwen, hebben vrouwen een hoger risico op hartfalen met behouden pompfunctie. Onze
analyses tonden aan dat van alle risicofactoren alleen boezemfibrilleren een specifieke geslachtafhankelijke voorspellende waarde liet zien. Hierbij vormde boezemfibrilleren een specifiek verhoogd
risico voor vrouwen voor het ontwikkelen van hartfalen.

In Hoofdstuk 4 hebben we de klinische kenmerken onderzocht welke typisch zijn voor mannen en
vrouwen tijdens ziekenhuisopname voor hartfalen. Het werd duidelijk dat vrouwelijke patiënten met
hartfalen typische klinische kenmerken zoals hogere leeftijd, meer behouden systolische
pompfunctie, minder ischemische cardiomyopathie, hogere bloeddruk en meer tekenen van
congestie ten opzichte van mannelijke patiënten lieten zien. Vrouwen hebben een betere prognose
dan mannelijke patiënten, ongeacht de verschillen in klinische kenmerken. Echter, de biologische
achtergrond voor de betere overlevingskansen van vrouwen met hartfalen is onduidelijk. In deze
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context onderzochten we verschillen in het effect van biomarkers op de mortaliteit voor mannen en
vrouwen. Hier hebben we aangetoond dat de niveaus van biomarkers welke gerelateerd zijn aan
ontsteking [CRP, pentraxine 3, GDF-15, en IL 6] en extracellulaire matrix remodeling [syndecan-1
en periostin] significant lager zijn bij vrouwen dan bij mannen met hartfalen in tegenstelling tot het
niveau van de markers in de algemene bevolking. NT-proBNP, TNF-αR1a en GDF-15 hadden
sterkste interactie met geslacht voor sterfte, terwijl MPO, syndecan-1, galectine-3 en ESAM ook
geslacht-afhankelijke prognostische waarde hadden. Deze resultaten wijzen erop dat de biologische
status van hartfalen bij opname minder vergevorderd is in vrouwen in vergelijking met mannen. Dit
kan mogelijk de verschillen in uitkomst verklaren na ontslag.

In Hoofdstuk 5 onderzochten we de verschillen in uitkomst tussen mannen en vrouwen bij patiënten
met acuut hartfalen. We hebben laten zien dat in tegenstelling tot chronisch hartfalen de risicogecorrigeerde uitkomst van vrouwen met een acuut hartfalen vergelijkbaar is met mannen. Zij
hadden een ander klinische profiel, meer hypertensie, diabetes en depressie, en vaker een
behouden pompfunctie en ze worden minder intensief ontwatert.

In een ander cohort van patiënten met acuut hartfalen hebben wij de verschillen in de klinische
profielen tussen mannen en vrouwen geverifieerd. Daarnaast hebben we ons gericht op
geslachtsverschillen in symptomatische respons op de behandeling. Er werd aangetoond dat
vrouwen eerdere en meer verbetering van dyspnoe en verbetering van de algemene welbevinden
na opname voor acuut hartfalen lieten zien in vergelijking met mannen. We lieten zien dat vrouwelijk
geslacht een onafhankelijke voorspeller voor het opknappen van kortademigheid is, zelfs
gecorrigeerd voor leeftijd en linker ventrikel ejectiefractie. Bovendien wordt bewezen dat de
uitkomsten in het ziekenhuis en na ontslag in acuut hartfalen vergelijkbaar zijn tussen mannen en
vrouwen.
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Kortom, dit proefschrift draagt bij aan de kennis op het gebied van geslachtsverschillen in
cardiomyopathieën, het klinische fenotype van vrouwen met chronische en acute hartfalen en
verschillen tussen biomarker in mannen en vrouwen als surrogaat voor verschillende
pathofysiologische mechanismen en mogelijke indicatoren van de uitkomst verschillen.

Conclusie
De kennis van geslachtsverschillen in het continuüm van hartfalen, een van de meest relevante
klinische syndromen uit de cardiovasculaire ziekte spectrum, neemt steeds toe, maar is nog lang
niet voltooid. Sinds de lancering van voorlichtingscampagnes, zoals The Women At Heart en Red
Alert for Women Hearts door de European Society of Cardiology en de Go Red for Women® initiatief
door de American Heart Association, wordt de aandacht van onder-representatie van vrouwen in
klinische studies en onder-behandeling in de echte wereld in de richting van onderliggende
pathofysiologische verschillen tussen mannen en vrouwen verschuiven.

Parallel, vrouwen met hartfalen krijgen steeds meer aandacht door de op dat moment dynamisch
concept van hartfalen met normale ejectie fractie, die enorm en toenemende implicaties voor de
volksgezondheid heeft en vooral omdat het voornamelijk vrouwen treft. De pathofysiologische
verschillen tussen mannen en vrouwen met hartfalen komen tot uiting in de epidemiologie van beide
hartfalen entiteiten, maar vereisen aanzienlijk meer inzicht in de seksespecifieke onderliggende
mechanismen om beter begrepen te worden.
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Perspectief
Sex- en gender-based medicine is een van de meest essentiële aspecten van personalized
medicine. Echter, het bewijs voor specifieke diagnostische en behandelingsmogelijkheden voor
vrouwen met hartfalen is beperkt.

Aan het begin van de werkzaamheden van deze proefschriftde waren de meeste gegevens inzake
verschillen tussen mannen en vrouwen met cardiovasculaire aandoeningen gericht op het verschil
in ischemische hartziekten. De beschikbare analyses van geslachtsverschillen bij hartfalen waren
voornamelijk gericht op patiënt- en behandelings kenmerken in register data en enkele klinische
studies, maar onderliggende verschillen in biologische processen zijn niet onderzocht. Zij vonden
een survival voordeel voor vrouwen met chronisch hartfalen, ondanks een minder intensieve
behandeling van vrouwen, terwijl in acuut hartfalen de uitkomst van mannen en vrouwen gelijk lijken
te zijn. Voortbouwend op dat, wilden we meer bewijs vinden voor geslachtsverschillen in de klinische
manifestatie en de uitkomsten van hartfalen en hebben specifiek potentieel verschillende
onderliggende pathofysiologische mechanismen geanalyseerd. Het bleek dat biologische verschillen
niet alleen manifesteren in de fenotypes van cardiomyopathieën, een gezamenlijke etiologie van
hartfalen, maar dat er sprake is van een complexe interactie tussen het biologische geslacht en de
epidemiologie van beide hartfalen entiteiten, HFrEF en HFpEF. In deze context is de vraag is of het
man of vrouw zijn een onafhankelijke aparte risicofactor voor hartfalen is, of dat geslacht alleen het
gevolg van het risico door de verschillen van andere factoren bij mannen en vrouwen is. Op dit
moment is het slechts voor een deel bekend welke factoren invloed hebben op de verschillen tussen
beide types van hartfalen en op de uitkomsten in mannen en vrouwen in de chronische en acute
setting. Onze resultaten over verschillende serum biomarker levels en het risico voorspellende
waarde van biomarkers, welke indicatief voor verschillende belangrijke pathofysiologische trajecten
bij mannen en vrouwen zijn, zorgen voor een potentieel uitgangspunt om de geslacht-specifieke rol
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van biomarkers bij patiënten met hartfalen verder te verduidelijken. Het is opmerkelijk dat tijdens
hospitalisatie voor hartfalen vrouwen aanzienlijk lagere concentraties van vele biomarkers hebben
vergelijking met mannen, en dat deze biomarkers hogere niveaus in vrouwen in de algemene
bevolking blijken te hebben. Dit suggereert dat er verschillen zijn tussen mannen en vrouwen in de
ernst van hartfalen, die een invloed op de uitkomst kunnen hebben. Daarom is het belangrijk om te
weten welke pathofysiologische processen betrokken zijn bij deze geslachts verschillen om deze
verschillen in risico voorspellende waarde tussen mannen en vrouwen te begrijpen. Toekomstige
analyses in acuut hartfalen zullen dit probleem aanpakken en we zullen mogelijke verschillen tussen
HFrEF en HFNEF overwegen. We moeten duidelijk maken of de verschillen in biomarker niveaus
echt zijn geslachtsgebonden, of alleen het resultaat van de onderliggende verschillen in comorbiditeit
zijn. Als de biomarker levels tijdens opname in het ziekenhuis voor acuut hartfalen ook lager bij
vrouwen dan bij mannen zijn, is de vraag waarom zich dit niet vertaalt in een overlevingsvoordeel
op de korte termijn voor vrouwen met acuut hartfalen, hetgeen wij reeds hebben aangetoond voor
vrouwen in een fase met meer gestabiliseerde hartfalen. Zijn er specifieke klinische gebeurtenissen
en behandeling karakteristieken tijdens de ziekenhuisopname voor acuut hartfalen die leiden tot
verschillende uitkomsten voor vrouwen in vergelijking met mannen? Kan het tijdsverloop van
biomarkers nuttig zijn voor risico voorspelling en het individualiseringsproces van behandeling in
deze context? Serumbiomarkers zijn niet alleen belangrijke indicatoren van de huidige ziekte, maar
kunnen bovendien de ziekteprogressie of reactie op behandeling aantonen als ze meermaals
worden gemeten gedurende het tijdsverloop. Toekomstige studies moeten niet beperkt blijven tot de
beoordeling van het risico voorspellende waarde van baselinemetingen. Aankomende projecten
zullen bovendien de longitudinale trajecten van biomarkers per geslacht evalueren. Het zal van
bijzonder belang zijn voor de onderliggende homogene patiëntengroepen van mannen en vrouwen
hun baseline biomarker status en de trajecten van biomarkers in de loop der tijd te identificeren en
de groepen van vergelijkbare patiënten met klinische eindpunten in relatie te zetten om differentiële
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effecten van geslacht te analyseren. Ook is het gepland om mogelijke verschillen in de risico's met
betrekking tot intermediaire gebeurtenissen in de loop der tijd zoals incident verslechtering van de
nierfunctie en het verergeren van hartfalen in mannen en vrouwen aan te pakken, welke diepgaande
negatieve prognostische effecten hebben. Wij hebben de eerste aanwijzingen gevonden dat de
vroege dyspnoe respons op de behandeling van acuut hartfalen tussen mannen en vrouwen
verschillen kan. Echter, op dit moment zijn de onderliggende mechanismen die verantwoordelijk zijn
voor dit verschil onduidelijk. Derhalve is het ook van belang om in de toekomst de rol van biomarkers
in deze context te analyseren. Vanuit een breder pathofysiologisch oogpunt gezien, moeten de
geslachtsverschillen van biomarkers in de toekomst ook in de systeembiologie context worden
onderzocht, om de verschillen tussen mannen en vrouwen in de interactieve netwerken en causale
paden, van de genetische eigenschappen (genomics), over genregulatie (mRNA) tot het expressie
(proteomics) niveau te verduidelijken.
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