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Chapter 1.
General Introduction

Heart failure (HF) is described as a clinical syndrome characterised by typical symptoms (e.g.
ankle swelling, fatigue, dyspnoea) or signs (peripheral oedema, pulmonary crackles, or elevated
jugular venous pressure), in which structural and/or functional cardiac abnormalities induce an
impairment of cardiac output or an increase of intra-cardiac pressures at rest and/or during stress
1,2

. Importantly, due to different underlying aetiologies, demographics, co-morbidities, and response

to therapies, the main terminology used to describe HF is based on measurement of left ventricle
ejection fraction (EF). Classically, patients with normal EF (typically considered as ≥50%) are said to
have HF with preserved EF (HFpEF), with those with reduced EF (typically considered as <40%) termed
as HF with reduced EF (HFrEF). In the latest European Society of Cardiology (ESC) guidelines, cases
where EF lies between 40–49%, previously considered as a ‘grey area’, are now defined as HF with
mid-range EF (HFmEF) 1 .
Although in recent years overall mortality from cardiovascular disease has been reduced by
about two-thirds, HF represents an exception to this rule, maintaining high levels of mortality that
are known to be higher than those of many cancers 3. This unacceptable high mortality rate
associated with a slow but steady increase in prevalence, represent ominous HF peculiarities 4 leading
to a huge economic and social burden

1,3

. Therefore, scientific community is trying to modify this

trend, and one of the most active field is the research and development of novel biomarkers. Indeed,
in the last years, the level of interest in discovery of new cardiovascular biomarkers has progressively
grown5. Nowadays, biomarkers are routinely used in clinical care for diagnosis, monitoring (response
to treatment), and risk stratification of patients with HF6. However, to date none of the novel
biomarkers has demonstrated enough prognostic power when employed alone. Thus, it is commonly
recognised that rather than a single biomarker, it is the integration of multiple biomarkers that yields
the best strategy, although few studies have tested this hypothesis7. Circulating biomarkers are the
most commonly employed in clinical scenarios, although emerging novel categories are actively
tested in several trials.
Today, the word biomarker is commonly used, and in some cases abused, to describe a
number of emerging tools, technologies, and strategies widely aimed to improve knowledge about
several diseases8. In 2001, translating the necessity of reach a general agreement on a proper
definition and classification of biomarkers, being the discover of the ideal biomarker a main goal of

the research community, the Biomarkers and Surrogate End Point Working Group proposed the
following definition: “a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic
intervention ” 9. In this context, biomarkers have also been categorized in three different types 10:
•

Type 0: biomarkers related to a specific disease correlated with clinical indices that can be
monitored longitudinally;

•

Type I: biomarkers used to evaluate in parallel the effects of a pharmacological intervention
associated with the mechanism of action of a therapeutic drug;

•

Type II: biomarkers considered surrogate end points that are able to predict clinical benefit

A surrogate biomarker is used in therapeutic trials and is representative of the patient clinical
status/outcome. It is supposed to predict the effect of pharmacological therapy being an indicator of
disease prognosis and progression benefit 10. However, before employing a biomarker as a surrogate
endpoint, several fundamental information is needed. First, it is necessary a strong correlation
between the impact of an intervention on the biomarker and the impact of the intervention on a
clinical meaningful endpoint; second, the outcome of interest should be modifiable through the
therapeutic intervention; third, a biomarker should reflect both benefits and risks related to the
intervention; finally, the sampling strategies and relative risk related should be well known as well as
the time course between the change in biomarker and the outcome

11,12

.

In particular, the hunt for the ideal biomarker is focused on the improvement in disease
treatment and the reduction of healthcare costs 13. Moreover, a biomarker should be specific for a
particular disease, easy to detect, cost effective, and able to provide accurate results

14

. It should be

taken into account that although many studies report the identification of new disease biomarkers,
some of them do not satisfy the analytical validation based on well-established criteria of sensitivity
and specificity that must be fulfilled to take a step towards for market applications 15. For this reason,
it is necessary to implement appropriate strategies starting from an accurate selection of patients,
sample preparation, improvement of laboratory assays, to the final steps of statistical/analytical
validation

14

. In addition, Morrow and de Lemos have recently defined three criteria a biomarker

should have to be useful in clinic context 16:
i)

has to be accurate, repeated measurement must be possible and with a
reasonable cost and in short time

ii)

the biomarker must provide information that are not already available from a
careful clinical assessment;

iii)

the measurement of the biomarker should support clinician in medical decision
making.

In conclusion, according to this definition, biomarkers may derive from the blood, the urine, genetic
studies, imaging, physiological tests, and tissue-specimen biopsies 17.

Outline of the thesis

The present thesis, result of the international experience I had during the last 3 years in the
context of the International Philosophiæ Doctor programme in Cardiovascular Pathophysiology and
Therapeutics (CardioPaTh), disserts on the known and unknown role of biomarkers in HF.
The thesis is divided in several chapter, each of them dwelling upon specific aspects that have been
investigated during the 3 years of my PhD curriculum.
After a generalist paragraph dwelling upon the use of biomarkers in HF, its associated diseases, and
the argument around the dilemma of racial differences (chapter 2), the important and emerging role
of hormone deficiencies (HD), alone ore combined in the multiple hormone deficiency syndrome
(MHDS) is discussed (chapter 3), together with the presentation of the results of the main project of
my PhD, the T.O.S.CA. project, an international effort aimed to investigate the role of MHDS in HF.
The following chapter (chapter 4) is based on the even strong relationship between the heart and
the gut (the so-called Gut Axis), followed by a chapter showing the possible role of novel biomarkers
in HF (chapter 5). In conclusion, a last chapter about my other HF research activity (not strictly related
to biomarkers) is present.

Chapter 2. Biomarkers and Heart Failure

2.1. Biomarkers and Imaging in Heart Failure: Complementary or Subtractive?

This section is a review written with regard to the role of blood biomarkers and imaging in
heart failure for the Heart failure clinic journal. As conclusion, the multi-biomarkers strategy, in
particular if circulating and imaging biomarkers are combined and information from different
pathophysiological pathways are provided, appears the most promising strategy that goes beyond
the limits of the current management of HF.
Salzano A, Marra AM, D'Assante R, Arcopinto M, Bossone E, Suzuki T, Cittadini A. Biomarkers and

imaging: complementary or subtractive? Heart Fail Clin. 2019 Apr;15(2):321-331. doi:
10.1016/j.hfc.2018.12.008. PMID: 30832821
Circulating Biomarkers.

Considering that an impressive number of circulating biomarkers has been studied 6,17,18, the purpose
of this section is to provide a brief overview of the best characterized and promising of them. For this
reason, we will discuss first the classical HF biomarkers, used in the every-day clinical practice
worldwide and then emerging biomarkers separately.
Classical biomarkers
Circulating biomarkers are undeniable tools in HF management for several reasons: 1) they are
essential for HF diagnosis 2) they are helpful in assessing prognosis of HF-patients 3) they are
potentially useful in guiding therapy19.
The most studied and useful biomarkers in HF are natriuretic peptides, namely B-type natriuretic
peptide, N-terminal pro BNP (NT-proBNP) and the mid-regional precursor of the Atrial Natriuretic
Peptide (MR-proANP). Natriuretic peptides mirror the volume/pressure overload, being secreted in
response to end-diastolic wall stress20,21. According to the ESC guidelines, the presence of serum BNP
< 35 pg/mL and NT-proBNP < 100 pg/mL is enough to rule out HF, even when signs symptoms highly
suggestive of HF are present22. Furthermore, in the acute setting, higher cut-offs (BNP < 100 pg/mL
or NT-proBNP < 300) yield a 99% negative predictive value of excluding HF-diagnosis23. MR-proANP
has a lower diagnostic power when compared with BNP and NT-proBNP24. Besides their relevance

for HF diagnosis, natriuretic peptides are powerful biomarkers with regard to prognosis assessment
of HF patients. According to the Acute Decompensated Heart Failure National Registry (ADHERE),
BNP levels at the admission are strongly predictive of in-hospital mortality regardless of any other
clinical and laboratory variables, both in HFrEF as well as HFpEF25. Both BNP26 as well as NT-proBNP27
levels are able to predict significantly outcomes in HF, whereas with regard to therapy guidance
conflicting results were reported 28-31. Although useless in HF-diagnosis, a rise in MR-proANP levels is
strongly associated with outcomes in HF32.
Serum Troponins (TnI/TnT) are often elevated in HF patients, but their specificity for HF diagnosis is

questionable. Of note, since the clinical presentation of HF and acute coronary syndrome (ACS) might
be quite similar, the assessment of TnI and TnT is useful in differentiating the two clinical syndromes.
Specifically, during ACS troponins usually rise after 6 hours, whereas remains stable in HF in such
timeframe19. On the other hand, elevated serum troponins are able to predict the decline of systolic
function33 and survival in HF patients34.
Emerging biomarkers in HF
In the last decade, an enormous attention was paid to the role of micro ribonucleic acids (MiRNAs)
in cardiovascular diseases. MiRNAs regulate protein translation and several evidence suggest their
role in facilitating HF diagnosis35. However their prognostic role in HF is questionable36,37.
Inflammation plays an active role in HF. Bowel hypoperfusion may lead to bacterial and endotoxin
translocation into the bloodstream38. In these regards, C-reactive protein (CRP) is associated with HF
severity39 and mortality40,41. Other markers of inflammatory activation are able to predict survival in
HF such as Interleukin-9 (IL-9)42 or source of tumorigenicity 2 (ST2)43,44 a member of the interleukin
1 receptor family. Interestingly ST2 showed also a correlation with right ventricular size and
function44. Galectin-3 (G-3) is associated with macrophages activation and cardiac fibroblast
proliferation which ultimately lead to LV stiffness

45

and predicts outcome in HFrEF as well as in

HFpEF46. Likewise also growth differentiation factor 15 (GDF-1) may predict all-cause mortality in
HFrEF47. Taken all together, inflammatory activation is an important feature of HF and is strictly
associated with prognosis. However, since inflammation belongs to a broad spectrum of diseases,
inflammatory biomarkers lack on specificity.
Strictly related to the inflammation burst, a robust body of evidence suggests the importance of
hormonal deficiencies in HF

48-55

. This is not surprising considering the well-known relationship

between cardiovascular diseases and hormonal pathways

56-60

. The most studied hormonal

abnormality in HF is the deficiency of the growth hormone (GH) /Insulin-like growth factor 1 (IGF-1)
axis, which is independently correlated with all-cause mortality in HF 61-63. Interestingly GH deficiency
replacement has demonstrated in some preliminary studies to be a potential therapeutic target in
HF patients64-67.
Another intriguing features of HF pathophysiology is the interplay between the gut and the
cardiovascular system. Recently, in the context of the gut hypothesis of HF 68, trimethylamine N-oxide
(TMAO), a gut microbiome-mediated metabolite, has been shown to be a strong prognostic
biomarker in both acute and chronic (stable) HF 69-74.
Taken together, natriuretic peptides represent the cornerstone of HF diagnosis, management and
prognosis. However a multi-biomarkers approach might grant broader information, which in turn
might be helpful for the daily clinical management of this clinical condition. In table 1 are summarized
evidences regarding biomarkers in HF.

Imaging Biomarkers

Along with established circulating biomarkers, findings from different imaging techniques are
extremely useful in prognosis estimation and in guiding therapy in HF. Three specific role have been
identified for cardiac imaging in HF75: it identifies HF phenotype, assesses severity of heart
dysfunction, and monitors responses to interventions. In the future, another important role of
imaging will likely be the selection of proper patients for cardiac devices (see figure 1).
Transthoracic echocardiography
Transthoracic echocardiography (TTE) is the indispensable tool in the management of patients with
HF for its safety and availability1. Main TTE parameters in HF include those strictly related to left
ventricular (LV) dysfunction and remodeling ( e.g. LV ejection fraction (EF), LV volumes and sphericity,
LV deformation pattern) and those related to other cardiac abnormalities (e.g. left atrial (LA) volume
and contractile function, right chambers dimensions and function, pulmonary artery pressures (PAP)
and signs of congestion). All of them carry prognostic information.
LVEF is best measured with the biplane Simpson’s method and it is one of the most important
parameter in assessing HF76. Further, it has an important role in guiding device therapy (i.e. ICD/CRT
implantation in patients with EF < 35%) 1. LV mass (truncated ellipsoid method) and LV sphericity (LV
diameter/ length ratio) are easy-available secondary prognostic measures77.
Furthermore, recent technologies shed novel lights on LV systolic mechanics by imaging its

deformation pattern during ejection (longitudinal and circumferential shortening and radial
thickening). Such deformation can be estimated by strain (change in the length of a myocardial
segment relative to its resting length) and strain rate (strain divided by time) by speckle-tracking
echocardiography (STE). These speckles are stable acoustic markers in the ultrasound images that
can be tracked to generate myocardial deformation curves78. Among such measures, global
longitudinal strain adds prognostic value to LVEF and is independent predictor of MACE in large
trials79.
LA enlargement (biplane area–length method) is common in HF patients and represents an adverse
prognostic marker since it is associated with Atrial Fibrillation and MACE80. LA contractile function,
possibly estimated with STE, is gaining importance to better elucidate LA physiology although less
robust evidence is available as a prognostic marker in HF81.
A glimpse of the right heart is of paramount importance to properly evaluate HF patients

82-85

.

Elevated systolic PAP - estimated by peak velocity of the tricuspid regurgitation jet and right atrium
estimated pressure- is widely prevalent in patients with HF and represents an established prognostic
marker86. Independent of systolic PAP, the presence of right ventricular systolic dysfunction also has
prognostic implications in HF87. Although TTE is not the gold standard technique for RV quantification,
several parameters are available for this purpose, including tricuspid annular plane systolic excursion
(TAPSE), fractional area change, and RV free wall strain (STE) 88. Moreover, increased IVC diameter,
reflecting congestion89, identifies patients with an adverse outcome90.
Finally, with regard to hospitalized patients, a recent study suggested that patients who performed
an echocardiogram had a lower in-hospital mortality91
Cardiac magnetic resonance
Unlike echocardiography, cardiac magnetic resonance (CMR) can image any plane, eliminating one
of the limit of TTE. Indeed, with CMR use geometrical assumptions are not needed, warranting more
precision than TTE. The tradeoff is that the CMR has higher cost, lower availability and it is more timeconsuming than TTE. To date, CMR should be proposed only to selected patients for which there is a
specific clinical question to answer. Indeed, CMR has decisive relevance, for example, to strengthen
the clinical suspicion of rare HF etiologies such as myocarditis, arrhythmogenic right ventricular
cardiomyopathy, iron overload cardiomyopathy, amyloidosis, sarcoidosis, and Fabry disease92.
Apart from rare etiologies, the differentiation between ischemic and non-ischemic causes of HF is a
common challenge not always resolved by coronary angiography; in this regard, gadolinium-chelated

contrast agents are employed in CMR for infarct/fibrosis imaging. Of note, the physiological basis of
late gadolinium enhancement (LGE) are the increase in its volume of distribution within areas of
scarring or fibrosis and a prolonged washout in the irreversibly injured myocardium93. Patients who
had LGE of any pattern showed an 8-fold higher risk of MACE and appropriate implantable
defibrillator discharges compared with patients without LGE94. In addition, the presence of scarring
on LGE-CMR in non-ischemic HF is predictive of inducible ventricular tachycardia even after
adjustment for LVEF95. Besides, it has been demonstrated that the presence of LGE is the best
independent predictor of CMR derived indexes in HF patients96.
Moreover, dedicated protocols for quantification of RVEF and volume are available in CMR and are
significantly more accurate than TTE estimation, thus allowing a more precise prognostication97.
Further, the CMR has specific protocol to evaluate the epicardial fat. This has been associated with
the presence of comorbidities and seems to be very useful in particular in the setting of HF with
preserved and mid-range reduced EF 98,99.
Recently, Arvidsson et al. suggested a possible use of intracardiac hemodynamic forces analysis for
risk stratification and CRT implantation guidance100. Indeed, the assessment of intracardiac
hemodynamic forces computed from 4-dimensional flow CMR could provide independent
biomarkers of cardiac function, in particular in patients with left ventricular dyssinchrony.
Taken all together, these findings support the idea that CMR makes a substantial contribution to both
diagnosis and management in HF patients over-and-above standard echocardiography101. Further
studies are needed to clarify the role of CMR in the HF management.
Nuclear imaging
Cardiac sympathetic nervous system is a key pathophysiological player and a primary therapeutic
target in HF102. Metaiodobenzylguanidine (123I-MIBG), a iodine radiolabeled norepinephrine analog
used in nuclear imaging for scintigraphy and SPECT/PET, is retained within myocardial nerve endings
and can be imaged to characterize myocardial uptake and thus obtain a noninvasive assessment of
cardiac sympathetic innervation (cardiac adrenergic receptor density)103.
In general, healthy individuals have high cardiac uptake of

123

I-MIBG, whereas those with HF have

lower myocardial uptake, reflecting decreased receptor density. The heart-to-mediastinum ratio
(HMR) is the main measures of 123I-MIBG uptake. In the ADMIRE-HF trial, the risk of major cardiac

events was significantly lower for participants with higher HMR than for those with a lower HMR
(using a cut off 1.6)104; other researchers found that the addition of the 123I-MIBG HMR to validated
HF score (e.g. Seattle Heart Failure Model) improved risk stratification with a net reclassification
improvement more than 20%105.
Moreover, it has been postulated that the MIBG pattern and its modification after therapy can predict
therapeutic response and further improve the prognosis prediction and may have role in therapy
tailoring in the future106. Further, recently cardiac 123I-MIBG scintigraphy demonstrated to be
helpful in the selection of HF patients who might not benefit from ICD implantation107 .
To date, although PET imaging has superior quantitative capabilities,

123

I-MIBG SPECT is the only

widely available nuclear imaging method for assessing regional myocardial sympathetic
innervation108.
Recently, in the BETTER-HF trial, authors demonstrated that myocardial contractility as assessed by
global longitudinal strain is correlated with autonomic denervation assessed by 123I-mIBG
scintigraphy, and was able to discriminate the severe cardiac denervation109.
Combining biomarkers

Despite the number of biomarkers studied in the past decades has increased dramatically17,18,
relatively few of them may change our decision making in the clinical arena.
To date, even if they are influenced by a number of cardiac and non-cardiac conditions, natriuretic
peptides (BNP and NT-proBNP) represent the gold-standard biomarkers in HF 1,110-112. An interesting
matter of debate, considering the improvement in the field of biomarkers, is if circulating and imaging
biomarkers could be considered subtractive or complementary.
On the one hand, it is important to highlight that circulating biomarkers have an important role in
risk prediction models113. Indeed, the single biomarker or more often a combination of different
circulating biomarkers are combined with clinical variables to predict mortality or hospitalization or
both in HF. In addition, the most promising models are made by a combination of biomarkers related
to different pathophysiological pathways114. Of note, recently has been reported that only few of the
published models have been validated in independent cohorts and not all of them have been
adequately validated in their original population 115.
On the other hand, in last year even more study have been published with regard to the role of novel
imaging biomarkers in HF75.

To date, most of the data available are based on 2 dimensional TTE116. Even if interesting information
derived from 3-dimensional TTE, from CMR and from other imaging techniques, for its worldwide
diffusion and for its availability and cost-effectiveness, TTE remains the most used technique in all
the stage of HF. For this reason, almost all the studies in which circulating and imaging biomarkers
have been combined are confined to TTE.
In this context, in the Cardiovascular Health Study, Authors demonstrated that the combination of
echocardiography and NT-proBNP significantly reclassifies 5-year HF risk in older adults when added
to a clinical model, in particular in intermediate-risk individuals117. Further, Lupon et al demonstrated
that a multimarkers strategy combining circulating and imaging biomarkers was useful for risk
stratifying in HF118.
The combination strategy is endowed with a good performance not only in HF with reduced Ejection
Fraction. Recently, in HF with preserved ejection fraction (HFpEF), it has been demonstrated that a
2-step algorithm combining imaging and circulating biomarkers (i.e. echocardiographic evaluation
followed by the assessment of galectin-3) improves the diagnosis and prognostic assessment of
patients with suspected HFpEF119.
In conclusion, as recently reported120, the management and the assessment of HF extend beyond
basic clinical evaluations, and the currently available numerous tools need to be applied in a coherent
and effective manner within each phase of the patient management cycle. In the modern medicine,
these tools are a combination of clinical information, circulating and imaging biomarkers.
In the future, even more strings to clinicians’ bows will be available.
Summary

Despite the number of biomarkers investigated in HF in the past decades has increased dramatically,
to date relatively few of them modify our decision making in the clinical arena and may therefore be
termed “clinically useful”.
Natriuretic peptides (BNP and NT-proBNP) represent the gold-standard circulating biomarkers in HF,
whereas TTE represents the indispensable tool in the management of patients with HF for its safety,
low cost and availability.
The multi-biomarkers strategy, in particular if circulating and imaging biomarkers are combined and
information from different pathophysiological pathways are provided, appears the most promising
strategy that goes beyond the limits of the current management of HF.

In the near future we can expect the discovery of an ever-increasing number of novel blood-derived
and imaging biomarkers capable of better predict HF prognosis, at the same time providing
innovative pathophysiological mechanisms and guiding HF therapy. Major challenges remain
particularly the definition of an optimal multi-biomarkers strategy, but patients with heart diseases
are likely to benefit from these efforts.
Table 1. Circulating biomarkers and their role in the management of heart failure.
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HF: Heart Failure. BNP: brain natriuretic peptide. NT-proBNP: amino terminal fragment of the prohormone brain type natriuretic peptide. MR-proANP: mid-regional precursor of the atrial natriuretic

peptide. CRP: C-reactive protein. ST2: source of tumorigenicity 2. G-3: Galectin-3. GDF-15: growth
differentiation factor 15. GH: growth hormone. IGF-1: insulin like growth factor-1. TMAO:
trimethylamine N-oxide. MiRNAs: microribonucleic acids.
+++ use recommended; ++very useful; + possibly useful (small or lack of evidences), -- not useful, maybe not useful (small or lack of evidences).

2.2 Biomarkers in Heart Failure and Associated Diseases

In December 2017 I have been invited to be Lead Guest Editor of a Special Issue dwelling upon the
role of biomarkers in Heart Failure and Associated Diseases for the Journal Disease Markers.
The following is the accompanying Editorial, written by me and my international editorial team.
Salzano A§, Marra AM, Proietti M, Raparelli V, Heaney LM. Biomarkers in Heart Failure and

Associated Diseases. Dis Markers, vol. 2019, Article ID 8768624, 2 pages, 2019.
doi.org/10.1155/2019/8768624
Despite considerable improvement in the management of heart failure (HF), unsustainable
levels of morbidity and mortality coupled with an increasing economic and social burden have been
observed over the previous three decades 3. A rational explanation of this is the fact that no single
pathophysiologic paradigm of HF has been clarified, resulting in failure of our current models to
completely explain disease progression 121.
Classically, seven categories of biomarkers in HF have been described, reflecting the different
pathophysiological pathways involved in disease progression 17. These include myocardial stretch,
myocyte injury, matrix remodelling, inflammation, neurohumoral activation, oxidative stress, and
indices of renal dysfunction 13. Moreover, growing evidence supports the key role of alternative
pathophysiological pathways (e.g., the gastrointestinal system, the anabolic/catabolic imbalance,
and multiple hormonal deficiency syndrome), with ever-increasing identifications of novel
biomarkers that demonstrate their importance in HF 7,42,55,63,122. In this context, a growing interest
in multimarker approaches to biomarker panels to assess multiple pathophysiologic pathways has
been realised, including the combined use of proteins, lipids, metabolites, hormones, and genetic
markers 16.
Owing to these recent advances in biomarker research, the aim of this special issue was to focus on
the role of biomarkers in HF and associated diseases.
Ischemic heart disease is to date the most frequent cause of HF 121, with atherosclerosis the
major pathophysiological mechanism. In this issue, Mocan-Hognogi et al. review the role of
adipokines (in particular visfatin, apelin, leptin, and resistin) as a biomarker of ischemic cardiac
disease and conclude that “there is no doubt that inflammation is viewed as an important
pathophysiological step in the development of atherosclerosis”.

Importantly, the identification of patients at high risk of poor prognosis is one of the principal aims
of current clinical research 49. With this regard, Alavi-Moghaddam et al. conducted a pilot study
involving 21 patients diagnosed with acute myocardial infarction and demonstrated that plasma
levels of microRNA-208b, of which levels of expression have been demonstrated to be increased in
the blood of patients with acute myocardial infarction, were 2-fold higher in patients who died after
6 months than in those which survived.
Further, Banach et al. investigated plasma concentration of procalcitonin (PCT) in 130
patients with chronic HF with reduced ejection fraction, assessing its prognostic value during a 24month follow-up period. Indeed, PCT levels were significantly higher in HF patients when compared
to a control group. Further, Kaplan-Meier survival curves revealed that patients with PCT in the
highest quartile had a significantly reduced probability of survival. This is additional evidence
supporting the role of inflammation in HF 42.
Diabetic cardiomyopathy (DCM) is a common cardiac dysfunction, affecting approximately
12% of diabetic patients, and is featured by ventricular diastolic and (or) systolic dysfunction. Li et
al. provided a comprehensive and novel illustration of gene expression profiles to identify
differentially expressed genes in myocardial tissue, which may play critical roles in the occurrence
and development in patients with DCM. This is of great interest considering that diabetes mellitus
has been described in approximately 20-25% of HF patients 61,63.
HF is a progressive condition in which myocardial damage, caused by cardiovascular risk
factors, leads to the development of myocardial dysfunction. Thus, an ever-worsening condition is
present until the patient eventually develops end-stage heart failure. Heart transplantation is the
only survival option for end-stage patients 121. Cardiac allograft vasculopathy (CAV) is the leading
cause of cardiovascular adverse events during follow-up of heart transplantation. Mirabet et al.
demonstrated that high-sensitivity cardiac troponin T, measured during a long-term follow-up,
appears as a helpful biomarker to identify patients at low risk of adverse CV outcomes. On the other
hand, the soluble form of AXL (sAXL) and a biomarker of endothelial dysfunction was not able to
predict outcome.
In conclusion, this issue collected novel findings and shed light upon the role of biomarkers
in HF.

2.3 Biomarkers in cardiovascular disease: the dilemma of racial differences

In August 2019, being Prof Suzuki’s team a group leader in the field of biomarkers, we have been
invited to write for the Journal of the American Heart Association, an editorial focused on the
dilemma of racial differences in the field of biomarkers.
Suzuki T, Israr ZM, Salzano A. Biomarkers in cardiovascular disease: the dilemma of racial
differences. J Am Heart Assoc 2019;8:e014295 doi: 10.1161/JAHA.119.014295
Racial differences in medicine is still a matter of debate, with the scientific community
divided on the real meaning and relevance of the notion of race in medical research123,124. On the
one hand, the view that classical racial categories identify subgroups of patients with a different
disease epidemiology, pattern, and prognosis, posed the basis for so-called racial medicine. On the
other hand, the concept that race is only a social construct, without biological roots, led to the
statement that the use of race as a biological factor is ‘problematic at best and harmful at worst’125.
Indeed, there is a tendency to assume that differences between subgroups are due to genetics when they might be due to socio-economic or cultural factors that just happen to correlate with
what is commonly defined as race - hiding the real pathophysiological background of a finding. This
concept led to the use of the term ethnicity rather than race, with the aim of indicating a group of
people who identify with each other on the basis of a supposed shared genealogy or ancestry or on
cultural similarities (e.g. common language or dialect, history, society, culture or nation). Further,
some scientists fear that the use of race as a variable in medicine can perpetuate historical
discriminatory attitudes 124 (e.g. limiting the use of particular drugs or procedures to a particular
racial subgroup).
However, genetic studies show that there seem to be more genetic variation (95%) within a
group than between so-called racial groups (5%)126. To date, nearly all geneticists reject the concept
that biological differences are due to racial differences127, while epidemiological and clinical studies
continue to find association between clinical findings and the social identities of research
participants. In particular, in cardiovascular disease (CVD), the difference in drug response and its
association with race has been well demonstrated128; the attenuated response to angiotensinconverting-enzyme inhibitor therapy in black as compared with white patients in heart failure and
hypertension129-131, prevalence of cardiovascular and metabolic diseases132,133, and in prognosis134,
when subjects are grouped on the basis of racial categories.

In European populations, statistics on ethnicity or race present challenges with acquiring
data. Challenges may include legal prohibitions, data protection provisions and political reluctance
to emphasise ethnic diversity. Mapping Europe based on geographical location allow for collecting
‘race or ethnic statistics’ that adjust for the aforementioned challenges, amongst other proposed
methods of collecting data for ethnic statistics135. In Europe, even when geographical location
rather than race is considered, a recent report by the authors showed regional differences in levels
of a gut microbiome-related biomarker, trimethylamine N-oxide (TMAO), in a European population
with more than 99% of patients being Caucasian regardless of confounders136. These discrepancies
are a complex interaction between factors that include socioeconomic status, structural differences
and ethnic influences.
In this context, in the current issue of the Journal of the American Heart Association (JAHA),
Hackler et al reported on the association between race and a panel of biomarkers - with known or
possible informative cardiac and metabolic roles - in a multi-ethnic population cohort without
known CVD137 enrolled in the Dallas Heart Study (DHS)138. In a final cohort of 2635 subjects (1638
black and 997 white), with a 10 years follow-up, 32 biomarkers were investigated. These
biomarkers were reflective of lipid state (e.g. cholesterol, triglycerides, lipoprotein a), adipokine
levels (i.e. leptin and adiponectin), inflammation (e.g. high sensibility C-reactive protein, IL-18, ANA,
D-dimer, soluble receptor for advanced glycation end products), endothelial function (e.g. sVCAM,
SICAM), myocyte injury/stress (e.g. hsTNT, NT-proBNP, ST2), and kidney function (i.e. Cystatin C and
microalbuminuria). The results showed the rate of CVD events in blacks was more than twice higher
than in whites. In line with other studies139, diseases such as arterial hypertension and diabetes
were more frequent in blacks, and a difference in echocardiographic parameters (left ventricular
mass, left ventricular end diastolic volume and coronary calcium) were observed between blacks
and whites140. For differences in biomarker levels after multivariate adjustment, when compared to
whites, blacks showed significant differences in Lp(a) concentration, adipokine levels (lower leptin
and adiponectin), inflammatory biomarkers, endothelial biomarkers, and myocyte injury/stress
(lower NT-pro BNP, higher ST2). Furthermore, black women had higher rates of microalbuminuria
whereas black men had higher hsTnT levels. Notably, when these biomarkers where used in
exploratory analyses for association with outcomes, differences in the rate of CVD were no longer
significant, suggesting that these pathways can contribute or mediate the observed difference in
CVD rate amongst the two groups.

The present study showed that multiple biomarkers reflective of different biological
pathways differed by race. The observed association of CVD events with blacks is mediated by the
described different biological patterns expressed by the subjects (resulting in the difference in
biomarkers). However, some additional considerations are needed. Even if the DHS has been deeply
phenotyped, with data on traditional risk factors and possible confounders available (e.g.
socioeconomic status), the design of the study argues that these differences can be explained as
genetic differences rather than as the presence of other factors (e.g. social state, educational state,
dietary habits, nutritional state, physical activity) – hence ethnic differences more than racial
differences. Accordingly, it has been demonstrated that the higher incidence rate of venous
thromboembolism in blacks when compared with whites can be mostly explained by a difference in
distribution of risk factors141. In line with this, in the present study blacks had more insulin
resistance and diabetes, black men were more often smokers and black women had higher BMI
when compared to white women. Consistent with well-documented socioeconomic differences
between blacks and whites that impact on CVD rate and prognosis142, black participants in the
present study reported lower education and income compared with white participants.
Biomarkers related to different pathophysiological patterns were investigated in this study.
It is a notable strength of the present report to investigate racial differences in CVD. Following a
definition provided in the past by one of the authors of the present investigation16, there are three
criteria that define the clinical usefulness of a biomarker: i) it has to be accurate, repeated
measurement must be possible, cost effective and time effective; ii) the biomarker must provide
information that are not already available from a careful clinical assessment; and iii) the
measurement of the biomarker should support the clinician in medical decision making. In line with
these concepts, the present investigation focused on the strategy of investigating multiple
biomarkers of several pathophysiological pathways that provided information that may be
potentially useful in legitimate epidemiological observations16. To date, this appears the most
promising strategy that can help to go beyond the limits of the current management of CVD 143.
In conclusion, the present report describes differences of multiple biomarkers -possibly or
known to be - related to cardiometabolic diseases in healthy subjects grouped on the basis of the
definition of race as black and white. Even if limited by the fact that there is a consensus that 'race',
whether categorized or self-identified, is a weak surrogate for various genetic and non-genetic
factors in correlations with health status144, the finding of the present study can be considered as

hypothesis generating, providing additional information about the dilemma of racial differences in
medicine, and allowing the pursuit of advancing tailored medicine.

3. Chapter 3. Hormonal and metabolic imbalance in heart failure

Chronic Heart failure (CHF) is a major healthcare issue with increasing prevalence, huge
estimated cost, and poor prognosis, still approaching a 5-year mortality of 50%.145,146 Given such
disheartening statistics, an imperative need is to search for novel therapeutic approaches capable of
slowing disease progression and improving survival.147,148 In this regard, the neurohormonal model,
conjecturing CHF pathophysiology as sustained by an excessive activation of numerous pathways,
including the sympathetic, renin-angiotensin-aldosterone, and cytokine systems, provided a
theoretical framework supporting the actual therapy.147,148 Such an approach, although partially
successful, has not fulfilled all the promises, and CHF prognosis remains modest.145,146 However, to
complement the paradigm of neurohormonal activation, a concomitant reduction of anabolic
hormonal axes seems to potentially play an important role in CHF progression and prognosis.149
Specifically, the so-called multiple hormonal deficiency syndrome (MHDS) encompasses several
anabolic systems that are down-regulated or impaired in CHF: the somatotropic axis [including
growth hormone (GH) and its tissue effector insulin-like growth factor-1 (IGF-1)], anabolic steroids
(testosterone and DHEA-S), and thyroid hormones.149-153 Notably, MHDS does not appear to be a
mere marker of disease progression, insofar as each defect is associated with impaired clinical status,
functional capacity, and increased mortality.149-154 In addition, insulin resistance (IR), with or without
coexisting overt hyperglycaemia and type 2 diabetes (T2D), appears to have an independent role in
the pathogenesis and prognosis of CHF.155 Indeed, it has been showed that T2D prevalence in HF is
much higher than in the general population, with a strong impact on HF prognosis, suggesting that a
negative role is played by hyperglycaemia and/or IR.156 However, although IR and T2D should be
therefore considered among the defects of the hormonal anabolic axes (i.e. expression of a downregulation of insulin action), IR and T2D have never been analysed in the context of MHDS. Indeed,
in previous preliminary report investigating the impact of HD in CHF, the role of IR has been ignored,
and the effect of T2D disregarded. Furthermore, promising results observed in recent trials
investigating the effect of antidiabetic drugs (i.e. gliflozins) support the idea that hormonal and
metabolic players might be involved in the progression of CHF.157 Despite these premises, to date no
large study has focused on the relative role played by MHDS in the progression and survival of
patients with CHF. In particular, no registry-based study has been specifically designed to evaluate

the overall impact of hormone deficiencies (HD, comprises insulin resistance and T2D) on CHF
morbidity and mortality.
In the present chapter, the complex interplay between hormone deficiencies (alone or combined)
and heart failure is deeply discussed.
3.1 Growth Hormone and IGF-1 axis

The impairment of Growth Hormone (GH)/Insulin Growth Factor-1(IGF-1) plays a crucial role in
Chronic Heart Failure (CHF). Several studies have shown that patients affected by this condition
display a more aggressive disease, with impaired functional capacity and poor outcomes.
Interestingly, GH replacement therapy represents a possible future therapeutic option in CHF. In this
section, we focused on the assessment of the main abnormalities in GH/IGF-1 axis in CHF, the
underlying molecular background, and their impact on disease progression and outcomes.
3.1.2 Growth Hormone as biomarker in Heart Failure
Marra AM, Bobbio E, D'Assante R, Salzano A, Arcopinto M, Bossone E, Cittadini A. Growth
Hormone as Biomarker in Heart Failure. Heart Fail Clin. 2018 Jan;14(1):65-74. doi:
10.1016/j.hfc.2017.08.008. Review. PubMed PMID: 29153202.
GH/IGF-1 axis physiology

Several biological processes require the pituitary secretion of GH. One of the main effects of the
interaction between GH and its specific receptors (GHR),is the activation of a complex signaling
cascade that leads to the hepatic production of its major biological mediator Insulin-like Growth
Factor-I (IGF-I).
GH and IGF-1 are linked by a long-loop feedback since the IGF-1 produced in the liver in response to
GH, inhibits GH release through the stimulation of somatostatin release10.
The GH/IGF-I axis is regarded as the most powerful anabolic system in nature. Although this pivotal
mechanism is still poorly understood, it is well known that GH/IGF-I axis is responsible for post-natal
growth by increasing both bone length and density, and muscle mass during childhood and
adolescence11. Moreover, it has important effects by regulating carbohydrates and lipids metabolism,
the latter preferentially on visceral adipose tissue12. It has been documented that IGF-I is also

released by a number of other tissues, thus IGF-1 acts not only as classic endocrine hormone, but
also in an autocrine and paracrine manner. IGF-1 circulates in blood either free or bound to specific
binding proteins that prolong the its half-life13. To date, six IGF-1 binding proteins (IGFBPs) have been
identified and represent an elaborate system for regulating IGF-1 activity. In particular, almost of 90%
of circulating IGF-I is part of a ternary complex, also composed of IGF-specific binding protein 3
(IGFBP-III) and acid- labile subunit (ALS)14. This complex allows IGF-I to reach several tissues, where it
binds to its own receptor (IGF1R), leading to the activation of the PI3K/Akt signaling pathway, which
in turn promotes cell growth, enhances glucose transport, inhibits apoptosis and acts along with
Interleukin 6 to protect cells from TNF-α cytotoxicity9.
It should be noted that besides the regulation of the somatic growth, this anabolic axis has a
significant impact on the cardiovascular system, by supporting cardiac growth and performance. The
activation of IGF-I receptors expressed in cardiomyocytes, determines a direct effect on the reduction
of the systemic vascular resistance by inducing the production of nitric oxide (NO), promotes the
contractility of cardiomyocytes mainly by increasing intracellular calcium concentration and calcium
sensitization of the myofilaments, and preserves capillary density15. Of note, both GH and IGF-1 are
endowed with growth promoting properties within the myocardium, increase protein synthesis in
the cardiomyocytes16.
IGF-1 also induces the reuptake of calcium by the sarcoplasmic reticulum by regulating the
sarco/endoplasmic reticulum Ca2+-ATPase (SERCA2), which is involved in diastolic function.
Moreover, several studies performed in experimental models of heart failure demonstrated that
GH/IGF-1 activation augments SERCA2 myocardial content, attenuates left ventricular remodeling
and enhances intracellular Akt signaling17. In addition, it plays a pivotal role by regulating cardiac
growth, cardiomyocyte size and metabolism, by stimulating aminoacid uptake for protein synthesis,
and promoting the transcription of genes specifically expressed in the cardiac muscle9. Of note, GH
per se increases protein synthesis in the isolated perfused heart by augmenting amino acid trasport18.
Pathophysiology of GH/IGF-1 impairment in heart failure

GH deficiency is a common finding in CHF with a prevalence ranging from 32% to 53% according to
different reports 19–21. IGF-1 has remarkable positive effect on the cardiovascular system, including
anti-apoptotic and growth-promoting action, vasodilation and endothelial protection, and increase
of cardiac contractility

10,16

. Most of the studies performed in CHF reported reduced IGF-1 serum

levels when compared with healthy controls 19,22–24. IGF-1 levels were remarkably reduced in patients

with advanced heart failure
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or cachexia
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. Many explanations were provided regarding the

underlying mechanism of impaired GH/IGF-1 secretion in CHF. The first hypothesis is rooted in hypoperfusion and reduced oxygen supply, which is the typical hallmark of CHF clinical syndrome. Indeed,
25 children with GH deficiency (GHD) were evaluated with brain MRI and compared to healthy
controls. In these series pituitary stalk enhancement were significant lower in GHD than controls,
probably related to a mismatch between arterial perfusion and venous drainage
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hemodynamic impairment occurring in CHF is likely to alter the local perfusion of the pituitary gland,
specifically by venous drainage stasis and/or deteriorated arterial blood supply leading to cell death
and consequently GHD. This speculation is not sufficient to explain alone the high GHD prevalence
observed in CHF. Indeed this theory was never proved by a neuroimaging study of the hypothalamicpituitary axis of CHF patients. A primary hypothalamic damage was also hypothesized by Broglio et
al., that found in their report in a CHF cohort a blunted response to different provocative tests such
as Growth Hormone realizing hormone (GHRH), GHRH + Arginine, GH-related peptides 19. The same
authors also excluded the presence of an hyperactivity of somatostatine pulse, which physiologically
counteracts GH secretion 19.
An additional central role might be also played by several other factors, albeit not completely
understood. As matter of fact, abnormalities of GH/IGF-1 secretion are likely to be found in several
chronic wasting condition characterized by inflammatory activation and cytokine overexpression28–
30

. In chronic illness reduced hepatic synthesis of peptides hormones produced by the liver is

dramatically impaired and at the same stage a peripheral GH resistance was reported
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patients affected by CHF experience secondary pulmonary hypertension and consequent right heart
failure and backward liver congestion, that may also impair IGF-1 secretion 31 . Another explication
might be found in background therapy of CHF. Indeed, both ACE-inhibitors 32 as well as β-blockers 33
are likely to modify IGF-1 secretion through a direct inhibitions of IGF-1 signaling pathway.
Taking all together, it is not possible to put forward a single explanatory pathophysiological
mechanism of the occurrence of GH/IGF-1 impairment in CHF. Most probably synergy and interaction
of different molecular pathways and concomitant pharmacological issues might represent the
underpinnings of this phenomena (Fig.1).
Growth hormone deficiency in Heart Failure

Adult GH deficiency (GHD) is a heterogeneous disorder characterized by unspecific clinical features.
It may arise during childhood or adult life, resulting from several causes including pituitary adenoma,

trauma, genetic abnormalities, structural or iatrogenic lesions and infiltrative diseases34.
Diagnosing GH deficiency in adults may be challenging because of the lack of a single biological
endpoint such as growth failure and the pulsatile endogenous GH secretion, influenced by
anthropometric factors, physical activity and sleep patterns35.
International consensus guidelines have endorsed the insulin tolerance test (ITT) as the gold standard
test for evaluation of adult GHD, but its safety concerns restrict its broader use in the United States36–
38

.

Because of its high discriminatory power, convenience and reproducibility, the contemporary
administration of Growth Hormone Releasing Hormone (GHRH) and arginine has gained wide
acceptance for GHD diagnosis39–41, in particular in CHF patients, in whom hypoglycemia could be
unsafe, and should consequently be avoided.
Since the arginine potentiates the GHRH stimulatory effect by inhibiting somatostatin tone, the GHRH
stimulus is significantly potentiated42,43. An intravenous bolus of GHRH (1 mcg/kg, maximum dose
100 mcg) is administered after an infusion of arginine (0.5 g/kg, maximum dose 30 g) and blood
samples for GH measurement are obtained every 15-30 minutes during the next two hours44. Critical
for the correct diagnosis of GH deficiency is an accurate measurement of GH levels since the results
of the tests could be influenced by the analytical method. Other molecules GH-like (e.g. prolactin)
may potentially affect the measurement cross-reacting with monoclonal antibodies usually used to
limit detection to the 22 kDa GH isoform. Indeed, there are many different isomers and isoforms of
circulating GH, but the 22 kDa GH variant is the most common one45 . Several population studies
reported Growth Hormone deficiency (GHD) being per se associated with impaired cardiac
performance, increased peripheral vascular resistance and reduced exercise capacity10 with a
positive correlation between GHD severity and cardiac impairment46. Moreover, at the beginning of
nineties a landmark paper demonstrated premature mortality due to cardiovascular disease in adults
with hypopituitarism under routine replacement therapy except GH, thus suggesting a role for GH
deficiency in cardiovascular diseases47. Interestingly, one third of patients affected by CHF have a
concomitant GHD, when the latter is assessed with appropriate dynamic test19,20,48,49. Growing
evidences support the concept of the relevance in several features of CHF. A recent prospective work
published by our group, performed on 130 CHF patients prospectively recruited undergoing a GHRH+
Arginine provocative test, showed that coexistence of GHD and CHF identifies a subgroup of patients
with worse clinical status and increased all-cause mortality, higher depression scores, impaired
quality of life, presence of left ventricular (LV) remodeling, lower physical performance, and

increased NT-proBNP levels49. Specifically, when compared to GH sufficient patients, GHD patients
displayed larger LV volumes with elevated wall stress, as well as higher filling pressures, and
impairment of right ventricle function. Moreover, these patients also presented with worse
cardiopulmonary performance as demonstrated by a significantly lower peak VO2 and reduced
ventilatory efficiency49. GH might play an influential role also in acute heart failure exacerbation.
Bhandari et al.50 recently evaluated serum GH concentrations in 537 patients admitted for acute
heart failure (AHF), both with HFrEF phenotype (n=415) as well as with the Heart Failure with
preserved ejection fraction (HFpEF) phenotype (n=122). The authors found increased GH levels in
both HFrEF and HFpEF ( p< 0.001 and p: 0.02 respectively) in patients who experienced one of
prespecified outcome measures (either death or readmission within 1 year)50. GH concentrations
were able to independently predict (HR 1.54, 95% CI 1.19–1.99, P = 0.001) outcomes in HFrEF but
not in HFpEF. In the same study the author performed a further analysis aimed in comparing the
usefulness of GH with NT-proBNP and the acute decompensated heart failure national registry
(ADHERE) score51, with regard to event prediction. Interestingly, the authors reported that the
addition of GH to ADHERE multivariate logistic model (which in turn is composed by age, sex, urea,
heart rate, and systolic blood pressure) , and to ADHERE model + NTproBNP lead to a net
reclassification improvement of both the prognostic scores50. Despite the limitations due to the
evaluation of a single GH measurement taken in unfasted patients, the paper for the first time
demonstrated incremental prognostic utility of the assessment of a marker of GH activity also in HF
acute settings.
IGF-1 in Heart Failure

Although the statements form international endocrinology societies suggests to consider the 2.5
percentile of an age-sex matched normal population as cut-off for IGF-1 deficiency52,53, there is a lack
of consensus regarding the reference values for CHF population, taking into account the
inhomogeneity in the published reports. As shown in table 1, different criteria were used in the
different studies in order to define the condition of IGF-1 deficiency. According to population studies,
age should be considered as the main determinant of IGF-1 cut-off levels, whereas gender and
ethnicity are likely to play both a negligible role52. Table 1 summarizes the studies evaluating GH/IGF1 axis in cohorts of patients affected by CHF. Even if the most of the studies in CHF patients show
reduced total serum IGF-1 levels, other showed normal and few even increased circulating levels.
Several factors could explain the discrepancies observed among the studies: different therapeutic
and anthropometric backgrounds, inhomogeneous disease severity, and also high assay

variabilities58. For instance, Jankowska and coworkers reported extraordinary high IGF-1 value in their
study (median values above 250 ng/mL in all age categories of controls. Broglio et al.19,40 reported
low IGF-1 levels in patients with severe left ventricle (LV) dysfunction as well as dulled response to
GHRH. Similar results were confirmed by Anwar et al.59 in an elderly population of patients
hospitalized for CHF and by Kontoleon60 in 23 stable HF patients. Anker et al.26 evaluated the GH/IGF1 axis in cachectic and non-cachectic patients with severe heart failure. Increased GH levels were
increased in the first group whereas IGF-1 levels were decreased compared with non-cachectic ones,
who showed normal IGF-1 levels. Since the IGF-1/GH ratio was 12 fold higher in non-cachectic
patients than in cachectic patients, these data have introduced the concept of GH resistance, defined
as high GH levels and low IGF-1 levels26. The same year Al-Obaidi61 and coworkers showed that
patients with CHF in NYHA class I and II (mild-to-moderate symptoms) displayed elevated IGF-1 serum
concentration (p = 0.005 vs control subjects), whereas patients with more severe disease (NYHA
classes III and IV) had values comparable to healthy controls. According to these aforementioned
results61, one can speculate that IGF-1 rises at the initial stages of the disease in order to compensate
and restore the heart function at a paraphysiological level, afterwards other factors may interfere
and lead to a condition of reduced IGF-1 secretion up to a frank state of GH resistance26.
As mentioned above the different (and increasing) use of CHF medications in the last two decades
may have played a role for these discrepant results. Indeed, ACE-inhibitors and ARBs have been
shown to increase IGF-1 levels in patients with CHF32 and beta-blockers may exert a depressive action
on the GH/IGF-1 axis33. A consistent body of evidences suggests that low IGF-1 levels in CHF are
noteworthy for many reasons. Indeed, IGF-I deficiency is associated with greater activation in
cytokines and neurohormonal system, endothelial dysfunction, impairment of skeletal muscle
performance23, and a worse outcome9,24,50,62,63. Interestingly, a landmark study performed by
Jankowska and co-workers showed that the number of hormonal deficiencies (IGF-1, DHEA-S,
testosterone) was an independent predictor of mortality in men with HF, leading to the speculation
that anabolic deficiency has an intricate interaction and that the concomitance of more hormonal
abnormalities has a detrimental synergistic action on prognosis22. This result was also confirmed by
Arcopinto and coworkers, that demonstrated that low IGF-1 levels (< 122 ng/ml) independently
predicted higher mortality rate24. In countertrend with these aforementioned findings, Andreassen
et al.64 were not able to find neither any relevant differences in left ventricular systolic function, NTproBNP nor prognosis in patients with low IGF-1 levels.

Indeed, as shown by Petretta and coworkers, the presence of a low IGF-1/GH ratio independently
predicts outcomes in a small cohort of CHF patients63. The condition of low IGF-1 and high GH depicts
the state of GH resistance, which in turn was demonstrated to be associated with cachexia26, a
terminal stage of almost all chronic illness characterized by spread muscle wasting and poorer
outcomes65. It is also worth to mention the relationship between IGF-1 and its blood transporters in
the stream flow, the so-called IGF-1 binding proteins (IGF-BP), which in turn are able to determinate
IGF-1 bioavailability. In these regards, Watanabe et al. demonstrated that a low IGF-1/IGFBP3 ratio is
associated with increased rates of all-cause mortality, cardiac death, and a composite of cardiac
death and re-hospitalization62. The evaluation of IGF-BP might be helpful not only in HFrEF but also
in heart failure with preserved ejection fraction (HFpEF). Indeed Barroso and collaborates
demonstrated a continuum in IGF-1/IGF-BP 7 ratio from subjects with normal diastolic function,
asymptomatic left ventricular diastolic dysfunction and HFpEF66. Recently Faxen et al. demonstrated
that patients with HFpEF displayed higher IGF-1/IGF-BP 1 when compared with HFrEF, specifically
due to higher serum IGF-1 concentration67. However in the same report, low levels of IGF-1 were
associated with higher mortality in HFrEF but not in HFpEF68. Salzano et al also found lower IGF-1 and
higher GHD in HFrEF than HFpEF69. It is worth to mention that it is to date missing a prospective study
dwelling upon IGF-1 levels in AHF. Taking all the evidences together, growing evidences lead to
consider low IGF-1 levels in CHF not only an epiphenomenon, but also a key factor mechanistically
linked to CHF and its severity. IGF-1 might be useful in clinical practice for risk stratification in order
to identify a cluster of patients needing a more aggressive therapy.

Treating GH/IGF-1 abnormalities in Heart Failure

Apart the identification of a high risk population and prognostic value, the GH/IGF-1 axis might
represent a possible therapeutic target in CHF.
Experimental studies in different animal models reported beneficial effects on cardiac function,
peripheral vascular resistance, and survival70–72. Furthermore, early treatment of large myocardial
infarction with GH reduces pathologic LV remodeling and improves LV function 73. The translation of
these results onto the clinical arena did not lead to unequivocal results. Although the encouraging
data coming from a wide number of preliminary open-labeled pilot studies74–80, two randomized
controlled clinical trials77,81 provided neutral results. However, a pooled meta-analysis of all study of
GH in CHF showed an increase of LV Ejection Fraction (EF) and a reduction in systemic vascular

resistance82. Moreover, GH treatment reduced LV diastolic diameter and an increases LV wall
thickness, determining a positive long-term modification in cardiac morphology82. In another metaanalysis treatment with GH resulted in an increase of exercise duration, maximum oxygen uptake,
LVEF, cardiac output, and improvement in systemic vascular resistance and NYHA class level83.
Several explication are likely to be possible in order to explain the inconsistent results of GH
administration trials, such as different study duration, target dose, end-points and the assessment of
GH status84. In this regard, it is worth to mention that also in placebo controlled studies, those
patients who consistently increased IGF-1 due to GH administration experienced a significant
improvement, whereas those without IGF-1 increase not77. This could lead to two conclusions. First,
GH should be probably administered only in those patients with an impairment of GH/IGF-1 status.
Second, GH therapy should not be administered in patients with advanced CHF, which are probably
already in a GH resistance state26. On these premises, we performed a randomized, single-blind
controlled trial, aimed in comparing the effect of GH replacement therapy in CHF with regard of GHD
status20. In this study patients underwent a GHRH + Arginine provocative tests, in order to enroll only
those with a real state of GH deficiency20. After 6 months, GH replacement therapy improved quality
of life score, increased LVEF, peak oxygen uptake and exercise duration and flow-mediated
vasodilation. On the other hand, it decreases circulating N-terminal pro-brain natriuretic peptide
levels20. Considering these encouraging results, we extended this study with a 4-year follow up in
order to assess whether this effects were sustained or tend to vanish over time48. After a 4-years
follow-up, GH replacement therapy was still associated with LV reverse remodeling, as documented
by the significant reductions of both LV end-diastolic and end-systolic volumes indexes and
circumferential wall stress, with an increase in LVEF48. With regard of cardiopulmonary performance,
despite the treatment effect did not reach statistical significance, in the GH group peak VO2 increased
remarkably. Although the study was not designed for hard clinical endpoints, it was noteworthy that
there was a marked difference in the aggregate of death and hospitalization for worsening CHF in
replacement therapy arm48. However, the usefulness of GH replacement therapy must be still proved
in a double-blind placebo controlled trial.
Future Prospective and Conclusions

The relationship between hormones of cardiovascular diseases is quite complex15,85–88. In this
intricate scenario, the impairment of GH/IGF-1 plays a crucial role in CHF. The vast majority of studies
showed that patients affected by this condition display a more aggressive disease, impaired
functional and exercise capacity, higher neurohormonal activation, a more pronounced left ventricle

remodeling and poorer outcomes (mortality and hospitalization), regardless the assessment method
employed (GH serum levels, GHD assessment, IGF-1 and its binding proteins measurement). Given
this solid background, we sought to implement a prospective multicenter clinical registry aimed in
investigate the impact of multiple and concomitant Anabolic Deficiencies (including therefore also
GH and IGF-1 assessment, Testosterone, Insulin Resistance, Thyroid, etc.) on clinical status, exercise
capacity, neurohormonal activation, left ventricle architecture and function, quality of life,
hospitalization and mortality rate in patients affected by CHF: The T.O.S.C.A (Trattamento Ormonale
nello Scompenso CArdiaco), whose preliminary results will be available within few months89,90.
Interestingly, GH replacement therapy represents a fascinating future therapeutic option in CHF.
Although the usefulness of GH replacement therapy in CHF must be still proven in a double-blind
randomized controlled trial, this results shed new lights on the potential use of GH status assessment,
not only in risk stratification and prognosis, but also as the target of innovative therapies, meeting all
the needs of a biomarker as more close as possible to the “ideal” one91.
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Introduction

Chronic heart failure (CHF) is characterized by multiple hormonal and metabolic deficiencies (MHD)
151,152

. In this context, abnormalities of growth hormone (GH) and its effector insulin like growth

factor-1 (IGF-1) play a distinct and relevant role 158,159. Circulating levels of IGF-1 have been associated
with cardiovascular events and mortality in CHF, but the benefit of the use of IGF-1 as prognostic
marker in CHF is still unresolved

160

. Stimulation of IGF-1 receptors by the hormone can occur in

response to the plasma circulating IGF-1 or to the local paracrine/autocrine production.
Cardiomyocytes are able to produce IGF-1 mRNA and experimental conditions of heart hypertrophy
are associated with an increase in such production, suggesting that modulation in local IGF-1
production might be an adaptive response to the need of local growth

161

. However, no data are

available on the handling of IGF-1 by the human heart in vivo in healthy subjects or in patients with
CHF. Thus, aim of the current study was to clarify whether human heart in vivo is an organ that
generates or rather extracts IGF-1 and whether in patients with CHF there was a change in IGF-1
handling by the heart. For this purpose, we studied the difference in IGF-1 concentrations between
aorta and coronary sinus in patients with or without CHF. In addition, we also evaluated inflammatory
cytokine plasma glucose concentrations and their transcoronary concentration gradients (TCG).
Methods

Consecutive patients with or without clinical diagnosis of CHF and undergoing elective coronary
angiography were recruited and enrolled in the study. CHF patients were affected by ischemic/nonischemic CHF diagnosed according to the guidelines 147. The patients without CHF (control group),
were affected by factual or alleged stable coronary artery disease with no signs of CHF. Before any
diagnostic procedure was performed, blood samples were simultaneously obtained from coronary
sinus (CS) and ascending aorta (Ao) and collected in pre-chilled Vacutainer tubes containing sodium

citrate. After centrifugation, plasma samples were stored at -80°C until assayed. Plasma
concentration of IGF-1 and cytokines (IL-1b, IL1-Ra, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, IL-17,
and TNFa) was measured by Bioplex-Technology. The relative TCG were calculated as the difference
between CS and Ao concentrations. Therefore, a positive TCG would indicate net release of the
hormone/cytokine from the heart, whereas a negative value would rather represent a net extraction
by the heart. Categorical variables were expressed as counts and percentages. Normally distributed
continuous variables were expressed as mean ± Standard Deviation whereas continuous data with
skew distributions were expressed as the median and interquartile range [IQR]. Groups were
compared using the Student t-test and Mann-Whitney U-Test as appropriate. A p value of <0.05 was
considered statistically significant. Statistical analysis was performed using the R statistical
programming environment, Version 3.5.
Results

Eleven CHF patients and ten non-HF subjects (CTR group) were enrolled in the study. Demographic
and clinical characteristics of the study population are depicted in Table 1. No differences were
observed between CHF and CTR group except for left ventricular ejection fraction (LVEF) (41.2±5.6
vs 56.5±4.7, p<0.001).
Compared to CTR patients, CHF patients showed higher, although non-statistically significant, IGF-1
Ao levels [91.6 (69.3-124.6) and 117.2 (84.8-151.1) ng/mL], whereas the CS concentrations were
similar in the two groups [95.7 (68.8-130.7) and 94.3 (85.8-149.4) ng/mL, respectively). Therefore,
whereas patients without CHF showed a positive TCG [12.9 (0-22) ng/mL], indicating net release of
IGF-1 by the heart, patients with CHF were characterized by a negative TCG [-2.4 (-8.1-0.33) ng/mL]
pointing to a net uptake of IGF-1 (p<0.05). In contrast with the heart of patients with CHF that showed
a negative TCG and the need of extracting circulating IGF-1 for its functioning, CTR patients showed
a TCG above zero, suggesting strongly that their heart is capable of producing much more IGF-1 than
necessary locally.
Arterial and coronary concentration of all cytokines was within the normal range in the two groups.
As a consequence, TCGs for all the above-mentioned cytokines were similar in CHF and CTR patients
(data not shown).
Discussion

The present study investigated IGF-1 handling by the heart in vivo in humans. We show for the first
time that there is a meaningful difference between patients with or without CHF in the way their
heart uses IGF-1. Furthermore, we evaluated plasma concentration and TCG of several inflammatory
biomarkers potentially involved in the progression of CHF.
Impaired tissue generation and a reduction in the circulating IGF-1 concentration have been involved
in the loss of cardioprotective functions against ischemia and cellular aging. IGF-1 exerts a prosurvival effect by decreasing apoptosis and reducing ischemic damage, promotes an increase in the
number of ventricular muscle cells, and induces the recruitment of cardiomyoblasts in the aging
murine heart. In addition, IGF-1 enhances cardiac contractility by increasing the synthesis of proteins
involved in the regulation of cardiac contractility and intracellular calcium concentration .
Furthermore, IGF-1 acts by preserving endothelial function and nitric oxide-mediated vasodilation
and promoting the re-endothelialization of the injured arteries through the mobilization of
progenitor endothelial cells . IGF-1 effects on the heart might theoretically be due to the action of
the circulating hormone on the IGF-1 receptors and/or to the stimulation of them by the locally
produced IGF-1, the latter acting through paracrine/autocrine mechanisms.
We show for the first time in humans in vivo that the heart of subjects without CHF is a contributor
to the circulating pool of IGF-1, exerting the role of a true endocrine organ. Since we did not measure
coronary blood flow, we cannot exactly quantify the entity of such contribution or dissect the relative
component of TCG, i.e. cardiac production from local consumption of IGF-1 (circulating or locally
produced). However, since the concentration of IGF-1 in the CS exceeds the one in the arterial bed
(positive TCG) the concept that the IGF-1 produced by the heart overcomes the amount of the
hormone locally used appears undisputable. In patients with CHF, a substantial shift of the way the
heart handles the IGF-1 is evident. The concentration of IGF-1 in the CS is lower than the
concentration in the aorta, i.e. the TCG changes to negative, therefore, the heart subtracts IGF-1
from the circulating pool. For the reasons discussed above, we cannot establish whether the shift
toward a negative TCG is due to an increase in the heart IGF-1 utilization or a decrease in its
production or the combination of the two. What we can affirm is that the amount of IGF-1 locally
used is higher than the amount produced. From experimental model and data in vitro, the presence
of myocardial hypertrophy or frank HF associates with an increase in IGF-1 mRNA content, pointing
from one side to an increased production of IGF-1, from the other side suggesting an increased need
of the hormone by the derailing organ, in order to compensate the damage occurred after the cardiac

insult and/or promote the survival of unaffected cells
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. We might speculate that CHF induces a

local extreme need of IGF-1 so that the heart becomes a utilizer rather than a producer. In our own
data, an increased cardiac production of IGF-1 is perfectly compatible with the shift from a positive
to a negative TCG: the amount of IGF-1 taken-up by the heart largely exceeds the amount produced
by the same organ, whatever it is.
Low circulating IGF-1 levels have been associated with systemic and local release of pro-inflammatory
cytokines (IL-1β, TNF-α, and IL-6)

162

. In addition, in experimental studies, IGF-1 gene transfection

reduces the mRNA expression of IL-1β and TNF-α

163

. In our population, circulating inflammatory

biomarkers and TCG were comparable in patients with or without CHF. This is not surprising since the
patients studied were in stable clinical conditions.
In the context of CHF as MHD, hormonal replacement therapies are gaining increasing attention as
possible adjuvant therapeutic approaches 164,165.
Our data show that the heart of patients with CHF requires much more IGF-1 than normal, suggesting
that after the exogenous supply of GH, the increase of IGF-1 would fulfil a profound need of the failing
organ. Therefore, a better understanding of cardiac handling of IGF-1 would substantiates such an
approach and improve our knowledge of its pathophysiological relevance.

3.1.4. D’Assante R*, Arcopinto M*, Rengo G, Salzano A, Walser M, Gambino G, Monti MG, Bencivenga

L, Marra AM, Aberg DN De Vincentiis C, Ballotta A, Bossone E, Isgaard J, Cittadini A. Myocardial
expression of somatotropic axis, adrenergic and calcium handling genes in HFpEF and HFrEF. ESC
Heart Failure. 2020 Sep (in press).
Introduction

In the last decades, a relevant piece of scientific literature has contributed to increase the knowledge
of the molecular mechanisms underlying heart failure (HF) onset and progression enabled the
identification of novel therapeutic targets. Mounting evidence supports the role of anabolic
deficiencies in HF pathophysiology

166

, a key player being the impairment of the growth

hormone/insulin-like growth factor-1 (GH/IGF-1) axis

151,159

, which molecular regulation still

represents a huge gap in evidence. However, the vast majority of investigations reporting data on
circulating levels of GH, IGF-1 or binding proteins have been conducted in HF with reduced ejection
fraction (HFrEF), while limited evidence is available in the setting of HF with preserved ejection
fraction (HFpEF). HF progression is also known to be influenced by various factors including the
expression of proteins related to hyperactive adrenergic signaling and impaired myocardial
contractility, which pharmacological modulation is part of HF therapeutic armamentarium. Increased
G-protein-coupled receptor kinases (GRKs) levels/activity and reduced Sarco-Endoplasmic Reticulum
Calcium ATPase (SERCA2) expression, widely implicated in HF-dependent beta-adrenergic receptor
(ADRB) dysfunction and altered calcium homeostasis, play a pivotal role in HFrEF pathophysiology
but their involvement in HFpEF remains undefined167. HFpEF appears a disease with multiple
proposed pathophysiological mechanisms, though many remain speculative due to limited access to
human heart tissue. Further, an additional limitation is that cardiac biopsies are commonly collected
from end-stage HF patients, often treated with inotropic agents or placed on heart transplant waiting
lists, and frequently without appropriate healthy controls.
Aims

Taking advantage of the availability of left ventricule (LV) cardiac biopsies obtained from stable
chronic HF patients, the aim of the present study was to compare, for the first time to the best of our
knowledge, cardiac expression levels of genes involved in the somatotropic axis regulation,
adrenergic signaling and calcium handling, among HFrEF, HFpEF patients, and a control group, as
reference population.

Methods

Thirteen HF patients undergoing elective cardiac surgery for valvular replacement, mitral
valvuloplasty, aortic surgery or coronary artery bypass, assigned to HFrEF (LVEF≤40%; n=6) and HFpEF
(LVEF≥50%; n=7) groups according to 2016 European Society of Cardiology Guidelines
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, were

enrolled at the Department of Cardiac Surgery, IRCCS Policlinico San Donato, between 2014 and
2017. All HFrEF patients were suffering from ischemic heart disease compared with only one in the
HFpEF group, in line with the well-known different etiologies of HFpEF and HFrEF, with ischemic
etiology more prevalent in HFrEF than HFpEF. Moreover, all HFpEF patients presented diabetes (n=3)
and hypertension (n=6) as major comorbidities. For the purpose of the study, patients with EF
between 40-50% were intentionally excluded. Nine subjects with normal cardiac structure and
function, without symptoms or sign of HF, undergoing thoracic surgery were recruited as healthy
controls. At the time of enrollment, all participants underwent a complete clinical examination,
including NYHA functional class assessment and trans-thoracic echocardiography, and peripheral
blood samples were collected. Cardiac biopsies were obtained during surgical procedures by highly
qualified and expert surgeons, following the maximum safety standards. Samples with a minimum
size of 200 mm3 were collected from the apical portion of the LV or the junctional portion between
the free wall of the left ventricle and the interventricular septum (IVS). Each sample was taken by
direct vision, through the aortic valve, and with the scalpel. No full tickness samples were taken and
no biopsy needle was used. The techniques and the modalities were exactly the same adopted to
remove the muscle spur in the context of obstructive hypertrophic cardiomyopathy. No
histopathologic evaluation was performed.
Afterwards, each sample was transferred in a sterile tube containing RNA later (Qiagen) and stored
at -80°C until assayed. Total RNA was extracted from cardiac biopsies through TRIREAGENT kit
(Sigma). Real-Time PCR (TaqMan Gene Expression Assays) was performed using predesigned,
TaqMan® Gene Expression Assays to evaluate the mRNA expression levels of genes involved in
somatotropic axis regulation [IGF-1, IGF-1 receptor (IGF-1R), GH receptor (GHR)], adrenergic signaling
(GRK2, GRK5, ADRB1 and ADRB2), myocardial calcium handling (SERCA2) and Tumor necrosis factoralpha (TNF-α). Each sample was analysed in duplicate. The relative comparative CT method was used
to analyse the qPCR data (Sequence Detector User Bulletin #2, Applied Biosystems). In the CT method,
the amount of target normalized to an endogenous reference and relative to a calibrator sample is
given by 2-ΔΔCT. The amount of each transcript was normalized to the amount of the reference gene

PPIA (Cyclopheline A) expressed in the same sample. The calibrator is the same defined stock sample
analysed in triplicates in each of the quantitative qPCRs. Thus, the values represent arbitrary but
linear relative amounts of each transcript.
The distribution of the parameters was tested with the Kolmogorov-Smirnov test. The intergroup
differences were tested with the one-way ANOVA, with Holm correction as appropriate. Correlations
between IGF-1 circulating levels and IGF-1R mRNA were examined using Spearman rank-order
correlation. A p-value<0.05 was considered statistically significant. Statistical analysis was performed
using the R-statistical programming environment, Version 3.5.
The study was approved by the Ethical Committee (Protocol Number 2535) and conforms to
the ethical guidelines of the 1975 Declaration of Helsinki. All participants gave written informed
consent.
Results

No differences were observed in terms of age, sex, kidney function, and hemoglobin levels among
the three study groups. Notably, HFrEF and HFpEF patients displayed comparable stable clinical
status, as suggested by the similar NYHA functional class and serum BNP levels, with average values
<100 pg/mL (Table 1). Further, both HFpEF and HFrEF patients showed reduced IGF-1 circulating
levels, when compared to controls, with lowest values observed in HFrEF (160±13.2 ng/mL, 138±11.5
ng/mL, 102±35.6 ng/mL, p<0.001, respectively, Figure 1A). Interestingly, no differences in the local
expression of IGF-1 mRNA were detected among the groups (Figure 1B). When compared to controls,
a significant increased myocardial expression of IGF-1R was found in HFrEF (0.72±0.12, 1.52±0.9,
p<0.05, Figure 1C), while a trend to increase, although not significant, was observed in HFpEF (Figure
1C). A negative and significant correlation between IGF-1 circulating levels and cardiac IGF-1R
expression was found in controls, HFpEF and HFrEF patients (R=-0.79, p=0.01; R=-0.92, p>0.001; R=0.85, p=0.03, respectively).
With regard to GHR, a significantly reduced expression was observed in HFrEF when compared to
HFpEF (0.54±0.27, 0.94±0.25, p<0.05, Figure 1D). Further, HFrEF revealed a marked decrease in
cardiac SERCA2 expression compared to controls and HFpEF (0.19±0.39, 0.87±0.32, 0.82±0.15,
p<0.05, respectively, Figure 1E). Of note, no differences were observed between controls and HFpEF.
With regard to adrenergic signaling, cardiac mRNA levels of GRK5 (1.32±0.70, 0.71±0.14, 0.77±0.15,
p<0.05) and GRK2 (3.45±2.94, 0.93±0.12, 0.80±0.14, p<0.01) were significantly increased in HFrEF
when compared to HFpEF and controls, respectively (Figure 1F-G). ADRB1 expression showed a trend

to decrease (~24%), although not significant, in HFrEF (0.66±0.4) when compared with controls
(0.86±0.4) while ADRB2 expression levels were comparable between HFrEF (0.65±0.3) and controls
(0.68±0.1). In HFpEF, the expression levels of ADRB1 (0.83±0.3) and ADRB2 (0.66±0.2) are
comparable to that measured in healthy subjects (Figure 1H-I).
Finally, no changes in the local expression of TNF-α were detected among groups (Figure 1L).
Discussion

This is the first investigation dwelling upon the comparison of myocardial expression of the
somatotropic axis, adrenergic signaling and calcium handling genes among HFrEF, HFpEF patients
and healthy controls. HFrEF display significantly increased levels of GRK2 and GRK5, consistent with
the well-known HF-dependent sympathetic nervous system overdrive, which becomes detrimental
in the long-term and facilitates HF progression. Cardiomyocyte beta-adrenergic receptor
hyperactivation represents a trigger for GRK upregulation which, in turn, activates the processes of
receptor desensitization/downregulation, thus resulting in dysfunctional adrenergic signaling 168-170.
Moreover, the results obtained on beta-adrenergic receptors 1 and 2 expression in HFrEF are
consistent with a previous report indicating that, in human biopsies from HFrEF patients, ADRB2
levels do not show any HF-related change, while a decrease in ADRB1 mRNA expression are evident
only in patients with advanced NYHA class171. Indeed, our study population consisted of mildly
symptomatic HF patients, mostly NYHA class II, under beta-blocker therapy, that may interfere with
beta-adrenergic receptor expression and signaling.
Of relevance, similar molecular abnormalities were not detected in HFpEF, whose pathophysiology is
more related to the presence of comorbidities and systemic inflammation, allowing to better
understand the results of randomized clinical trials that failed to demonstrate a beneficial effect on
survival exerted by beta-blockers in HFpEF172.
While a vast magnitude of studies, conducted in both animal models and in human cardiac tissue of
HFrEF patients, indicates that SERCA2a expression/activity is impaired in HF, leading to an altered
cardiac calcium homeostasis and consequent cardiomyocyte reduced contractility, only one study
had evaluated expression patterns of genes related to myocardial contractile function in HFpEF
patients, selected with different criteria, and considering other genes173. With regard to SERCA2, our
findings could contribute to better understand the differences in the contractile capacity between
patients with HFrEF and HFpEF. Indeed, HFrEF displays a significant decrease in cardiac SERCA2 levels

compared with HFpEF, suggesting that calcium transients might be faster in HFpEF resulting in an
increased calcium reuptake and preserved intracellular calcium sensitivity.
With regard to the GH/IGF-1 axis, our results indicate that HFrEF and HFpEF exhibit a different pattern
of gene expression while circulating IGF-1 levels are equally reduced, regardless of EF. Indeed, when
compared to HFpEF and healthy controls, HFrEF showed a significant decreased GHR and an
increased IGF-1R expression. Such divergent behaviour of GHR and IGF-1 receptor mRNA in HF has
been described in other pathological conditions, including diabetes and malnutrition, in which the
two mRNAs are not coordinately regulated in all tissues studied174. Moreover, it has been also
documented that HFrEF and HFpEF may show a different behaviour regarding the anabolic drive,
altered in HFrEF and unmodified in HFpEF 152,175. On the other hand, the increased cardiac expression
of IGF-1R in HFrEF may reflect a compensatory mechanism in response to low circulating IGF-1 levels,
in order to augment myocardial hormone uptake and the activation of downstream molecular
pathways. These observations, as well as the local increase in IGF-1 mRNA and the negative
correlation between IGF-1 circulating levels and IGF-1R mRNA, are in line with our recent evidence
of myocardial increased utilization of IGF-1 in HFrEF 176. HFpEF showed a different pattern with a mild
reduction of IGF-1 circulating levels and non-significant changes in the myocardial expression of IGF1, IGF-1R, and GHR mRNAs when compared to healthy controls. The similar cardiac expression of
TNF-α found across the study groups confirms a mild-to-moderate HF status where the myocardial
catabolic drive has not yet taken over the anabolic one 177.
Conclusions

This study further supports the hypothesis that distinct molecular patterns underlie HFrEF and
HFpEF pathophysiology, extending previous knowledge to genes involved in somatotropic axis
regulation, calcium handling, and adrenergic derangement in HF patients with stable clinical status.

Table 1. Clinical characteristics of subjects enrolled in the study.
Characteristics

Values
CTRL (n=9)

ANOVA

HFpEF (n=7)

HFrEF (n=6)

F
1.10

p

Age (Yrs)

66.8 ± 14.4

74.3 ± 10.6

64.2 ± 13.3

Sex (M/F)

4/5

5/2

5/1

Weight (kg)

75.7 ± 15.9

74.6 ± 12.7

72.2 ± 6.6

0.1

0.9

Height (m)

1.7 ± 0.1

1.7 ± 0.1

1.7 ± 0.05

0.1

0.9

BMI (kg/m2)

27.1 ± 5.6

26.1 ± 3.7

25.4 ± 2.5

0.2

0.8

Creatinine

0.80 ± 0.1

1.1 ± 0.5

1.19 ± 0.8

1.16

0.33

eGFR (ml/min)

82.2 ± 16.9

76.4 ± 32.8

78.0 ± 33.6

0.09

0.91

Hemoglobin (g/dl)

13.1 ± 1.3

12.1 ± 1.5

12.8 ± 1.5

0.91

0.42

BNP (pg/mL)

14.1 ± 5.3*;**

55.6 ± 27.4

77.5 ± 22.6

20.4

<0.001

Ejection Fraction

60.0 ± 6.6**

61.0 ±

32.0 ± 7.8

23.41

<0.001

Chisq
χ2

p

2.62

0.3

0.3

0.9

0.35

(mg/dl)

(%)

11.4***

NYHA Class

-

2/4/1

1/4/1

-

4±2

5±3

5

7

6

7.1

0.03

Ischemic etiology

-

1

6

5.5

0.02

Beta-Blockers

4

5

5

1.1

0.5

Type/average

Bisoprolol (4)

Bisoprolol (4)

Bisoprolol (5) / 5.5 mg

dosage of Beta-

/ 5.625 mg

/ 6.25 mg

Carvedilol (1) / 12.5 mg

(I/II/III)
Time from

0.6

diagnosis
Diastolic
Dysfunction§

Blockers§§

bid

Carvedilol (1)
/ 12.5 mg bid
Diuretics

0

1

4

6.1

0.048

ACE/ARBS

3

1

5

4.4

0.1

Calcium channel

0

4

0

10.48

0.01

Antidiabetics

0

3

2

3.88

0.14

MRA

0

0

1

2.79

0.25

Statins

1

2

4

3.3

0.19

OAC/Aspirin

1

2

1

0.64

0.72

Type of cardiac

Correction of

Correction of

Mitral valvuloplasty +

surgery

ascending

ascending

CABG (n=2); Correction

aorta

aorta

of ascending aorta

aneurysm

aneurysm

aneurysm + aortic valve

(n=9)

(n=6);

replacement (n=4)

blockers

CABG (n=1)

CTRL: non-HF-patients; HFrEF: Heart failure with reduced ejection fraction; HFpEF: heart failure
with preserved ejection fraction; BMI: body mass index; EGFR: estimated glomerular filtration rate;
BNP: brain natriuretic peptides; NYHA: New York Heart Association; MRA: Mineralocorticoid
Receptor Antagonists; OAC: Oral Anticoagulant; CABG: Coronary Artery Bypass Graft.
§

Diastolic Dysfunction was established according to the ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment
of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in
collaboration
with
the Heart
Failure Association
(HFA)
of
the ESC
(Eur
J Heart Fail. 2012 Aug;14(8):803-69. doi: 10.1093/eurjhf/hfs105).
§§

Beta-blockers up-titrated to target dose.

*p value comparing CTRL vs HFpEF. ** p value comparing CTRL vs HFrEF. *** p value
comparing HFpEF vs HFrEF.

Figure 1. mRNA expression of genes evaluated in cardiac biopsies in controls (CTR), CHF patients
with preserved ejection fraction (HFpEF) or reduced ejection fraction (HFrEF). 1A: IGF-I circulating
levels. 1B: IGF-1 mRNA. 1C: IGF-IR mRNA. 1D: GHR. 1E: SERCA2. 1F: GRK5. 1G: GRK2. 1H:
TNFa. *p<0.05.
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Heart failure (HF) is described as a clinical syndrome characterized by typical symptoms (e.g. ankle
swelling, fatigue, dyspnoea) or signs (peripheral oedema, pulmonary crackles, or elevated jugular
venous pressure), in which structural and/or functional cardiac abnormalities induce an impairment
of cardiac output or an increase of intra-cardiac pressures at rest and/or during stress

1,2

.

Importantly, due to different underlying aetiologies, demographics, co-morbidities, and response to
therapies, the main terminology used to describe HF is based on measurement of left ventricle
ejection fraction (EF). Classically, patients with normal EF (typically considered as ≥50%) are said to
have HF with preserved EF (HFpEF), with those with reduced EF (typically considered as <40%) termed
as HF with reduced EF (HFrEF). In the latest European Society of Cardiology (ESC) guidelines, cases
where EF lies between 40–49%, previously considered as a ‘grey area’, are now defined as HF with
mid-range EF (HFmEF) 1 .
Although in recent years overall mortality from cardiovascular disease has been reduced by about
two-thirds, HF represents an exception to this rule, maintaining high levels of mortality that are
known to be higher than those of many cancers 3.
This trend is not surprising if we consider the nature of the classical neurohormonal model that
provides the pathophysiological basis for the natural progression of HF, resulting in the main target
for drugs currently used in HF management (beta-blockers, ACE-I/ARBs/ARNI, and aldosterone
receptor blockers). This model involves hyperactivity of neurohormonal pathways (the renin–
angiotensin–aldosterone or the adrenergic system) that, although offering a compensatory role in
early stages of disease, becomes a factor responsible for the worsening and progression of HF by
triggering a cascade of further and deleterious increases in neurohormonal action. Moreover, it is
well known that this model is present despite pharmacological interventions, via activation of
alternative pathways (e.g. myocardial chimases) 178 .

For these reasons, researchers are looking for alternative models that could improve the
understanding of the mechanisms underpinning HF progression. In particular, a growing body of
evidence suggests that in addition to the increase of the pathways regulated by neurohormonal
hyperactivity, the loss of equilibrium between the activation of these catabolic pathways and the
impairment of anabolic hormonal axes depict the progression of the disease 48.
In this context, in 2009 Sacca’ published an elegant review that first described the concept that HF
could be considered as a multiple hormone deficiency syndrome (MHDS)

48

. Each component of

MHDS (e.g. GH/IGF-1 axis, thyroid hormones, androgens, insulin resistance) is associated with
impaired functional capacity and poor clinical outcome. Furthermore, prognosis has been shown to
relate to the number of coexistent deficiencies 53. This is not surprising considering the important
relationship between hormones and the cardiovascular system 56,57,59,179.
Recently, initial investigations conducted by our group180,181, demonstrated that not only the
prevalence of hormonal deficiency is elevated in HF
cardiovascular performance and prognosis
therapy

51,65

63,182,183

63,182

and consequently related to poor

, but also that targeted hormone replacement

leads to an improvement in cardiovascular performance and outcomes. These data

provide strong evidence to suggest that the reversal of MHDS should be considered as an exciting
and novel strategy in HF management 67,184.
Each deficiency is associated with reduced functional capacity and is a powerful and independent
predictor of poor clinical outcome 48. In particular, Arcopinto et al demonstrated that in a population
of around 200 stable chronic HF patients, less than one fifth presented with no signs of hormonal
deficiency 63. Moreover, in patients with two or more deficiencies cardiovascular performance was
impaired, as demonstrated by a decreased ability for maximal oxygen uptake (measures by a
cardiopulmonary exercise test) and elevated levels of circulating NT-pro-BNP (a well-known marker
of severity and prognosis in HF). Furthermore, the presence and number of deficiencies were related
with a poor prognosis for all-cause mortality.
These data were in line with those presented by Jankowska et al 53, who demonstrated that multiple
anabolic deficiencies occur frequently in HF (only 10% of the diseased population presented with no
hormonal deficiency) and can predict long-term outcome. In particular, they found that reduced
levels of multiple serum anabolic hormones (testosterone, DHEAS, and IGF-1) are strong markers of
poor prognosis that are independent of conventional risk predictors. This reinforced the relationship

between the number of hormonal deficiencies and the subsequently profound impact on the
progression of HF and associated outcomes.
Interestingly, Arcopinto et al

63

demonstrated that HF heavily impacted the age-related decline of

anabolic hormones. Specifically, this decline was attenuated for DHEAS and IGF-1, with a paradoxical
inversion observed for testosterone. This could suggest that the anabolic decline is age-independent
and that the impact of MHDS could be more severe in young over elderly patients. This phenomenon
could clearly have an impact on quality of life of patients diagnosed at an earlier age.
In 2016, a similar finding was demonstrated for the first time in HFpEF patients 182. Despite in this
group fewer patients presenting with reduced levels of MHDS compared to a HFrEF population, a
remarkable prevalence of hormonal deficiency was noted. In particular, approximately 45% of the
study population displayed two or more signs of hormone deficiency. However, the fact that there is
a higher level of anabolic drive in HFpEF could further support the notion that HFpEF should be
considered as distinct from HFrEF. Also for HFpEF, anabolic deficiencies could provide additional
utility for prognostic biomarker investigations, as well as identifying hormonal systems for targeted
and personalized treatment strategies.
Considering the importance of the findings on MHDS and HF to date, the T.O.S.CA registry is an
important trial to further understand the implications of hormonal treatments on HF severity and
progression185. Results from this prospective multicentre observational outcome-oriented study
designed to evaluate the prevalence of MHDS and its impact on clinical outcomes in patients with
chronic HF, are expected to provide important milestones surrounding this topic.
In conclusion, we recommend that screening for MHDS should be routinely performed in patients
diagnosed with chronic HF, with a view to better characterize its impact on disease. This stance is
taken due to the elevated prevalence of MHDS in HF and its impact on disease progression, coupled
with preliminary data derived from small studies that show an improvement in cardiovascular
performance and patient outcome following hormonal replacement therapy.

3.2.2. Bossone E, Arcopinto M, Iacoviello M, Triggiani V, Cacciatore F, Maiello C, Limongelli G,
Masarone D, Perticone F, Sciacqua A, Perrone-Filardi P, Mancini A, Volterrani M, Vriz O,
Castello R, Passantino A, Campo M, Modesti PA, De Giorgi A, Monte I, Puzzo A, Ballotta A,
Caliendo L, D'Assante R, Marra AM, Salzano A, Suzuki T, Cittadini A; TOSCA Investigators.
Multiple hormonal and metabolic deficiency syndrome in chronic heart failure: rationale,
design, and demographic characteristics of the T.O.S.CA. Registry. Intern Emerg Med. 2018
Aug;13(5):661-671. doi: 10.1007/s11739-018-1844-8. Epub 2018 Apr 4. PubMed PMID:
29619769.

Introduction

Chronic Heart failure (CHF) is recognized worldwide as a major healthcare issue for its increasing
prevalence and related extensive direct and indirect costs, and the ominous prognosis that is worse
than that of many cancers 186. HF pathophysiological underpinnings are represented by an excessive
activation of ubiquitous pathways such as the sympathetic, renin-angiotensin-aldosterone, and
cytokine systems, as the neuro-hormonal model dictates 3,187. Besides such molecular pathways, an
emerging body of evidence suggests the pivotal role played by the reduction of the anabolic drive, a
common phenomenon in chronic diseases. Specifically, multiple hormonal deficiency syndrome
(MHDS) encompasses several anabolic axes that are down-regulated in CHF: growth hormone (GH)
and its tissue effector insulin-like growth factor-1 (IGF-1), thyroid hormones, anabolic steroids and
insulin signaling 48,52,53,55,63,181,188. MHDS does not appear to be a mere marker of disease progression,
insofar as it is associated with impaired clinical status, functional capacity, and increased mortality
48,53,55,63,181,188

.

A wide array of abnormalities of the GH/IGF-1 axis has been described in CHF ranging from
decreased or normal activity, to overt GH resistance (i.e. high GH and low IGF-1 circulating levels)
that may be present in different combinations according to the severity of heart disease 48,62,189. GH
Deficiency (GHD) affects about one-third of CHF patients and is equally associated with worse cardiac
function, physical performance, and outcome

50,61

. Notably, preliminary studies have shown that

correction of GHD leads to a remarkable and sustained improvement in cardiac and exercise
performance both after 6 months of therapy

64

as well as at 4 years 65. Reduced IGF-1 levels, the

principal mediator of GH actions, are associated with increased cytokines and neurohormonal

activation, reduced skeletal muscle performance, endothelial dysfunction, and poor outcome
42,190,191

.

The function of the thyroid gland is commonly impaired in CHF. Indeed, the “low triiodothyronine
syndrome” (LT3S) is one of the most common thyroid abnormalities observed in CHF, characterized
by reduced T3 levels and normal or near-normal thyroid-stimulating hormone (TSH) levels. This
deficiency is due to reduced enzyme activity of 5ʹmonodeiodinase responsible for converting
thyroxine (T4) into T3 in peripheral tissues 192,193. In CHF, LT3S prevalence is approximately 20-30%
and strongly predicts patients mortality 194.
Interestingly, therapeutic correction of LT3S reduces sympathetic activation and circulating levels
of N-terminal pro Brain Natriuretic Peptide (NT-proBNP) which commonly associate with improved
prognosis 194.
Serum levels of free testosterone (FT) and dehydropianoandrosterone sulfate (DHEA-S) are equally
decreased in male and female CHF patients 53, with their reduction associated to both CHF severity
and prognosis 53. Preliminary data from randomized trials of testosterone replacement therapy in
men and women support its use as a promising therapeutic approach in CHF patients 195,196.
Insulin resistance (IR) – whether or not associated to type 2 diabetes mellitus (T2DM) – is
another frequent finding among CHF patients, with a prevalence ranging from 33 to 70% 48,67. The
degree of IR is significantly related with worse clinical status and functional capacity, and poor
outcome

197

. Experimental data, as well as preliminary clinical studies in insulin-resistant CHF

patients, have shown that metformin prevents CHF progression and improves exercise capacity
188,198,199

.

The prevalence, clinical implications and therapeutic options of anabolic deficiencies in CHF are
summarized in Table 1.
Taken together, these abnormalities depict a scenario of hormonal/metabolic imbalance between
anabolic drive and catabolic forces in CHF patients, with the latter prevailing over the former.
Importantly, such reduction of the anabolic drive does not appear to be a mere epiphenomenon.
Moreover, any component of this deranged anabolic pattern may negatively interact with the
deficiency of other hormones (see Figure 1), as suggested by the additive effect on mortality of
combined anabolic deficiencies [4]. However, the prevalence and diagnostic criteria of anabolic
deficiencies in CHF have still not been established. Furthermore, the natural history of MHD and its
impact on progression and outcomes in CHF patients need further investigation. For this reason, we
hereby present the T.O.S.CA. (Trattamento Ormonale nello Scompenso CArdiaco; Hormone Therapy

in Heart Failure) Registry, a national multicenter initiative, designed to investigate the prognostic
impact of MHD in CHF.
Methods

Study hypothesis

The T.O.S.CA. Registry seeks to test the hypothesis that the presence of pre-specified
anabolic/metabolic deficiencies bears prognostic implications in a large population of mild-tomoderate CHF patients (Table 2).
Study design

The T.O.S.CA. Registry is a prospective multicenter observational outcome-oriented study designed
to evaluate the prevalence of MHD and its impact on clinical outcomes in patients with CHF. The
T.O.S.CA. Registry was initiated in April 2013 and includes participating centers (Endocrinology,
Cardiology, and Internal Medicine Units with special interest in CHF management) situated
throughout Italy (Figure 2).
The T.O.S.CA. Registry is designed to collect hormonal and clinical data of CHF patients who fulfil
the following criteria: no history of current hormonal treatment, recent acute decompensation, acute
coronary syndrome (< 6 months) or any other condition potentially impacting on hormonal balance:
any relevant endocrine disease, active malignancy, severe liver disease (Cirrhosis CHILD B-C), and
serum creatinine level > 2.5 mg/dL. All CHF patients with reduced ejection fraction (≤45%), on stable
medications for at least three months including beta-blocker that had to be started at least 6 months
before entering the study, that meet the inclusion/exclusion criteria are considered eligible. After
enrollment, all subjects are followed as outpatients, as specified below.
The evaluation of circulating hormones includes measurements of thyroid hormones (TSH, free T3,
and free T4), GH/IGF-1 axis, total testosterone, DHEA-S and insulin.
Serum hormones are analyzed in a dedicated core-lab (IRCSS-SDN, Naples, Italy) collaborating with
the Clinical Coordinating Center. BNP and TMAO levels are also centrally evaluated in a laboratory
(T.S.) Routine clinical chemistry and cardiovascular functional assessments are handled in the
peripheral centers. Each procedure and blood sample collection is repeated annually for the duration

of the study. Intermediate visits are scheduled for clinical follow-up, therapy monitoring and to
collect relevant clinical event information (mortality, hospitalization, see Table 2 and Table 3).
Hormone deficiencies are defined as follows:
•

IGF-1 deficiency: serum IGF-1 levels lower than the 33rd percentile of a healthy control
population: 122 ng/ml (age < 55 y); 109 ng/ml (55 y < age < 64.9 y); 102 ng/dl (65 y < age < 74.9
y); 99 ng/dl (age > 75 y) 63;

•

Testosterone deficiency: serum Testosterone levels lower than 300 ng/dL [23];

•

DHEA-S deficiency: serum DHEA-S levels lower than 80 μg/dL [23];

•

Low T3: serum free T3 lower than 2 pg/mL (3.1 mmol/L) [20];

•

Insulin-resistance: presence of type 2 diabetes mellitus or HomeOstasis Model Assessment
(HOMA-Index) greater than 2.5 (according to the formula: IR=insulin (μU/mL) x glucose
(mmol/L)/22.5) 197.

For the purpose of the study, patients are categorized into two groups: 1) patients with 1 anabolic
deficiency or with no deficiency and 2) patients with 2 or more anabolic deficiencies.
No additional therapeutic interventions are administered to enrolled patients other than optimal
medical therapy at the discretion of the prescribing physician.
Data collection

Following enrolment of a patient that meets the inclusion/exclusion criteria for the T.O.S.CA. Registry,
the front pages of an electronic case report form (eCRF) are completed and submitted online. The
eCRF collects clinical data and index events from enrolled patients. Data is updated on a web-based
platform (URL: www.registrotosca.com).
To ensure anonymity and avoiding duplicate data, a unique identifier number (ID) is assigned to
all patients. This system also facilitates data query and enables revision by local clinical investigators
through personal log in and password credentials.
The data elements collected in the T.O.S.CA. Registry were originally developed and determined
collegiately by the study Director (A.C.), representatives of each involved center (Figure 2), the CRO
implementing the eCRF, and a statistician.
At the study entry, all patients undergo the following procedures:
1) Clinical examination and medical history;

2) Collection of anthropometric data and history of drug therapy
3) Serum and plasma samples, for routine clinical chemistry and research purpose;
4) Electrocardiogram (EKG);
5) Doppler Echocardiography;
6) Cardiopulmonary exercise stress testing (CETP);
7) 24-hour Holter EKG;
8) Six-minute walking test (6MWT);
9) Minnesota Living with Heart Failure Questionnaire (MLWHFQ).
Details are reported in Table 3. Data are acquired and submitted via a secure web site by the local
investigators at each participating site. Local investigators are required to collect all data during
hospitalization and periodically update the eCRF until the end of the follow-up phase.
All events (including death, cardiovascular events, admittance to emergency department,
hospitalizations) are reviewed and collected either by telephone or in person at scheduled visits. All
deaths are confirmed from medical records, the CHF clinic database or telephone interview with
relatives of the patients. An independent endpoint committee adjudicates the endpoint. Each ad
interim and post-hoc analysis will be performed only after the approval of the steering committee.
The study is conducted in accordance with Good Clinical Practice, Declaration of Helsinki 2002. The
trial has been registered on Clinicaltrials.gov (NCT02335801).
Follow-up

The study duration is 5 years with a patient-average follow-up of 36 months. A complete work-up is
performed at the study enrollment (see Table 3).
Aiming at capturing all planned and unplanned visits and clinical events, follow-up exercises are
performed at 6, 12, 18, 24, 24, 30 and 36 months (Figure 3). Data and samples are obtained from
patients at the participating sites. Sample collection and all procedures performed at baseline are
repeated annually (Table 3); intermediate visits serve as clinical assessment and clinical event
collection.
Sample size calculation

Sample size calculations are based on the 95% confidential intervals for estimates of the registry

primary endpoint (composite all-cause mortality or cardiovascular hospitalization). Data from 31 preexisting cohort studies of unselected heart failure patients (six randomized clinical trials and 24
observational registries) reviewed in the Meta-analysis Global Group in Chronic Heart Failure
(MAGGIC) report a 24% all-cause mortality during a median follow-up of 2.5 years

200

. Taking into

consideration that: a) a conservative incidence of the primary endpoint during the median follow-up
of 3 years of approximately 35% in the whole CHF population; b) the increase of composite of allcause mortality or hospitalization by one-third in the subgroup classified as MHD (group 2) compared
with the non-MHD subgroup (group 1); c) the ratio group 1/group 2 of about 0.5. 55,63; and d) the
probability of Type I Error (α) at 0.05, the power of the study (1 - β) at 0.80; the original calculated
sample size is 456. A subsequent planned interim analysis was conducted after 18 months of followup and revealed a lower all-cause mortality rate than originally planned, ≈ 5% yearly, while the
combined endpoint all-cause mortality and cardiovascular hospitalization yielded a similar event rate
than originally calculated for all-cause mortality. It was therefore decided by the Steering Committee
to modify the primary endpoint from all-cause mortality to the combined all-cause mortality and
cardiovascular hospitalization. Of note, the observed event rate was congruent with more recent
data on CHF patients 73,201.
Endpoints:

1.

Primary endpoint: composite of all-cause mortality and cardiovascular hospitalization;

2.

Secondary endpoint: composite of cardiovascular mortality and hospitalization, composite of allcause mortality and hospitalization, and changes in peak VO2;

3.

Tertiary endpoint: changes in LV ejection fraction, changes in LV volumes, changes in NT-proBNP
levels, and changes in MLWHFQ score.

Results

From April 2013 to July 2017, a total of 526 patients were enrolled in the 19 centers distributed across
all major geographical Italian regions (see figure 2). Early preliminary data are provided with regard
to demographics, anthropometrics and main clinical characteristics at study entry (Table 4). At
baseline, patients were aged (mean ± SD) 62.5 ± 12.2 years, 19% were female, and 84% were in New

York Heart Association (NYHA) class II-III with a left ventricular ejection fraction (LVEF) of 31.7 ± 7.4%.
The aetiology of HF was ischemic in 52% of patients. The median [IQR] years of disease of the
population was 9 [5-15] years.
Discussion

The total population available for data analysis is n=526, thus exceeding the pre-specified sample size
needed for effective statistical analysis. The sample characteristics reflect the general epidemiology
of the disease with a vast majority of male patients (81.1%) and a mean age of 62.5 years with
ischemic etiology accounting for 52% of patients. NYHA class distribution can be considered as
expected in a cohort of CHF outpatients (Table 4). Main demographic variables of TOSCA patients are
in line with the most recent studies on heart failure 202,203, in particular, the ESC Heart Failure LongTerm Registry

202

(in which 7401 CHF patients from 21 EU countries were enrolled) has a similar

mean age (66 vs 65 years, in ESC HF and TOSCA Registry, respectively) and sex distribution (71 vs 81%
of males). Patients in our registry present with a more advanced clinical condition as highlighted by
NYHA class distribution (III/IV class 25% vs 35%), difference in etiology (43 vs 52% post-ischemic), and
more compromised LVEF (35 vs 31%). CHF-specific drug and device therapy in patients enrolled in
the TOSCA Registry can be considered in line with EU patients in most cases, with renin–angiotensin
system blockers therapy in 92.2 vs 85% of cases, in ESC HF and TOSCA Registry, respectively; betablockers in 92.7 vs 88.3%. Moreover, while there is a difference in percentage of ICD (23.6% in the
ESC Registry vs 45.6% in TOSCA) a similar rate is observed in regard to CRT implants (12.7% vs 14.8%).
Cross-sectional data analysis will be performed in 2018 and carried out as follows:
1.

Assessment of the prevalence of individual anabolic axis deficiency in the registry population;

2.

Verification of the assumption that about 50% of patients present >2 anabolic deficiencies;

3.

Cross-sectional analysis (functional data / hormonal data);

Following cross-sectional investigations, longitudinal analyses (survival analysis, hormonal influence
on CHF progression rate) will be performed.

Future perspectives and research agenda

The T.O.S.CA. Registry results are expected to shed light on several pathophysiological and clinical
features of CHF including:
1. Implementation of the current neuro-hormonal model with the characterization of novel,
emerging hormone-metabolic pathways potentially related to the disease progression (hormonal
remodeling hypothesis in CHF)

48

. This will be determined by testing the association between

single and/or multiple hormone deficiency with known clinical and functional markers of clinical
status and determining specific patterns of hormonal defects clusters in CHF;
2. Assessment of the prevalence of MHD and proposal of cut-off values for diagnosis of hormonal
deficiency in heart failure to serve as a reference for future studies;
3. Description of the “natural history” of hormonal abnormalities in a representative sample of a
mild-to-moderate CHF population;
4. Creating a large bio-bank as a valuable resource for future analysis. On the basis of preliminary
analysis, other biomarkers can be assayed and new research hypotheses tested.
5. Collection of longitudinal data regarding echocardiography, measures of physical performance
such as CPET, and biochemistry will help elucidating a wide array of the multifaceted CHF
syndrome, insofar as most intervention studies are designed with a relatively short follow-up.
In conclusion, the T.O.S.CA Registry represents the most relevant observational trial on multiple
hormonal and metabolic deficiency syndromes in CHF. The study findings will form the basis for
generating hypotheses for future randomized clinical trials and might pave the way for promising
single and multiple hormonal replacement therapy in CHF. In this context, the Registry Director, Prof.
Antonio Cittadini, has been recently awarded with the 2016 GGI International Award, proposing a
double-blind study of GH replacement therapy in CHF patients with coexisting GH deficiency.

3.2.3 Cittadini A*, Salzano A*, Iacoviello M, Triggiani V, Rengo G, Cacciatore F, Maiello C, Limongelli
G, Masarone D, Perticone F, Cimellaro A, Perrone Filardi P, Paolillo S, Mancini A, Volterrani M,
Vriz O, Castello R, Passantino A, Campo M, Modesti PA, De Giorgi A, Monte IP, Puzzo A,
Ballotta A, D’Assante R, Marra AM, Arcopinto M, Gargiulo P, Bruzzese D, Colao A, Napoli R,
Suzuki T, Eagle KA, Ventura HO, Bossone E. On behalf of the T.O.S.CA. Investigators. ‘Multiple
Hormonal and Metabolic Deficiency Syndrome predicts outcomes in heart failure. The
T.O.S.CA. Registry’ (unpublished data, under review)

Introduction

Chronic Heart failure (CHF) is a major healthcare issue with increasing prevalence, huge
estimated cost, and poor prognosis, still approaching a 5-year mortality of 50%.145,146 Given such
disheartening statistics, an imperative need is to search for novel therapeutic approaches capable of
slowing disease progression and improving survival.147,148 In this regard, the neurohormonal model,
conjecturing CHF pathophysiology as sustained by an excessive activation of numerous pathways,
including the sympathetic, renin-angiotensin-aldosterone, and cytokine systems, provided a
theoretical framework supporting the actual therapy.147,148 Such an approach, although partially
successful, has not fulfilled all the promises, and CHF prognosis remains modest.145,146 However, to
complement the paradigm of neurohormonal activation, a concomitant reduction of anabolic
hormonal axes seems to potentially play an important role in CHF progression and prognosis.149
Specifically, the so-called multiple hormonal deficiency syndrome (MHDS) encompasses several
anabolic systems that are down-regulated or impaired in CHF: the somatotropic axis [including
growth hormone (GH) and its tissue effector insulin-like growth factor-1 (IGF-1)], anabolic steroids
(testosterone and DHEA-S), and thyroid hormones.149-153 Notably, MHDS does not appear to be a
mere marker of disease progression, insofar as each defect is associated with impaired clinical status,
functional capacity, and increased mortality.149-154 In addition, insulin resistance (IR), with or without
coexisting overt hyperglycaemia and type 2 diabetes (T2D), appears to have an independent role in
the pathogenesis and prognosis of CHF.155 Indeed, it has been showed that T2D prevalence in HF is
much higher than in the general population, with a strong impact on HF prognosis, suggesting that a
negative role is played by hyperglycaemia and/or IR.156 However, although IR and T2D should be
therefore considered among the defects of the hormonal anabolic axes (i.e. expression of a downregulation of insulin action), IR and T2D have never been analysed in the context of MHDS. Indeed,

in previous preliminary report investigating the impact of HD in CHF, the role of IR has been ignored,
and the effect of T2D disregarded. Furthermore, promising results observed in recent trials
investigating the effect of antidiabetic drugs (i.e. gliflozins) support the idea that hormonal and
metabolic players might be involved in the progression of CHF.157 Despite these premises, to date no
large study has focused on the relative role played by MHDS in the progression and survival of
patients with CHF. In particular, no registry-based study has been specifically designed to evaluate
the overall impact of hormone deficiencies (HD, comprises insulin resistance and T2D) on CHF
morbidity and mortality.
Aims of the T.O.S.CA. (Trattamento Ormonale nello Scompenso CArdiaco; Hormone
Treatment in Heart Failure, NCT02335801) Registry were to investigate, for the first time in a
prospective multicentre observational registry, the prevalence, the clinical significance, and the
prognostic impact of HD and diabetes, alone or combined (i.e. MHDS) in CHF.165
Methods

Study population
Study design and population baseline characteristics have been previously described.165 In
brief, the T.O.S.CA. Registry is a prospective multicentre observational study recruiting consecutive
stable CHF patients with left ventricular ejection fraction (LVEF) ≤45%, without history of severe liver
and/or kidney disease or active malignancy, on stable medications for at least 3 months, including
any beta-blocker (started at least 6 months before entering the study). The study protocol was
approved by the Ethics Committees of all participating centres and all patients gave written informed
consent. All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.
Study outcomes
The primary endpoint was a composite of all-cause mortality or cardiovascular hospitalization.
Information regarding clinical outcome was obtained directly from patients or their relatives and an
independent endpoint committee adjudicated the outcome. Secondary endpoint was the change in
maximal oxygen consumption (peak VO2).
Study procedures and statistical plan

Study procedures, previously described,165 are available as supplementary material. In brief,
blood samples were collected by venepuncture after overnight fast. To obtain serum and plasma,
samples were centrifuged within 30 minutes, frozen, and stored at -80° C until assayed. Brain
natriuretic peptide levels were assessed using a point-of-care device (RapidPIA™, Sekisui Medical Co,
Tokyo, Japan) in a dedicated core-lab (John and Lucille van Geest Biomarker Facility, University of
Leicester, UK). Single HD were defined as described in Table 1. Patients were divided in two groups:
(1) patients with one or no hormone deficiency (NO-MHDS) and (2) patients with two or more
hormone deficiencies (MHDS). All analyses were performed in the entire population and in the
subgroup of patients without T2D. The effect of T2D per se on the primary endpoint was also
evaluated.
Statistical analysis
The sample size calculation determined that 456 patients would provide the study with 80%
power to detect a difference of the composite of all-cause mortality or CV hospitalization between
the subgroup MHDS compared with the NO-MHDS, considering a conservative incidence of the
primary endpoint during the median follow-up of 3 years of approximately 35% in the overall cohort.
Notably, the observed event rate in our patient population was congruent with data from literature.
Normally distributed continuous variables were expressed as mean±standard deviation (SD),
whereas continuous data with skewed distributions were expressed as median [interquartile range
(IQR)]. Categorical variables were expressed as counts and percentages. The distribution of the
variables was tested with Kolmogorov-Smirnov test. Patients for whom data regarding were not
available, were excluded from the analysis.
The association between analysed variables and survival were established by using Cox
proportional hazard regression analyses. Both univariate and multivariable linear models were used
to assess potential predictors of survival.
Cox proportional-hazards model was also carried out to estimate the Akaike Information
Criterion (AIC) for each HD and set up a model useful to find relevant interaction between HD and
covariates.
With regard to anabolic status, we considered single HD, the sum of HD detected (from 0= no
deficiencies to ≥3 deficiencies) or the presence of a MHDS.
For the multivariable analyses, established predictors of poor outcome in HF were employed
as variables (i.e. age, sex, aetiology, NYHA class, LVEF, and BNP). Two different models were used to

test the primary endpoint: (i) model 1: diagnosis of MHDS (ii) model 2: patients stratified for number
of HD. Results were as HR with 95% confidence intervals for a unit increase in the predictor value.
Kaplan-Meier curves for cumulative survival were constructed to assess the impact of severity
of anabolic deficiency on endpoints. Differences in event rates between the groups were compared
with the Cox-Mantel log-rank test. Schoenfeld residual test was performed to test the proportional
hazards assumption for each covariate included in the Cox regression model.
No patient was lost to follow up.
Statistical analysis was performed using R version 3.0 (http: //www.r-project.org) and SPSS
version 25.0 (SPSS Inc, Chicago, Illinois, USA). A value of p<0.05 was considered statistically
significant.
Results

Study population
From the original cohort of 526 patients enrolled in 19 participating centres from April 2013
to July 2017, 14 complete hormonal data were available for 480 patients, who were used for the
present analysis. Demographic characteristics at baseline of the final cohort are described in Table 2.
There were no significant differences between patients included and not included in the present
analysis (data not shown). Overall, MHDS (considering T2D or Homeostasic model assessment of
insulin resistance - HOMA-IR- as one combined deficiency) was diagnosed in 358 patients (74·6%).
Specifically, 5·8% displayed no HD, 19·6% only 1 HD, 32·9% 2 HD, 27·9% 3 HD, and 13·8% 4 or more
HD. When patients with T2D were excluded from the analysis, among the remaining 360 patients, 8%
displayed no HD, 22% only 1 HD, 34% 2 HD, 27% 3 HD, and 10% 4 or more HD.
Primary endpoint.
At the end of the follow-up (patient-average follow-up of 36 months), in the entire population,
271 patients (56%) experienced the primary endpoint (97 deaths and 174 cardiovascular
hospitalisations). As shown in Fig. 1, panel A, 62% of patients in the MHDS group (221 events: 82
deaths and 139 cardiovascular hospitalisations), compared with only 41% of patients in the NO-MHDS
group (50 events: 15 deaths and 35 cardiovascular hospitalisations), reached the primary endpoint,
resulting in a 50% increase of patients with an event in the MHDS group (p<0·001). With regard to
T2D patients, primary endpoint was reached in 70% of the patients with diabetes and 52% in the

patients without diabetes (p=0·001). When the 120 patients with diabetes were excluded from the
analysis, 34% of patients in the NO-MHDS group (36 events: 11 deaths and 25 cardiovascular
hospitalisations) and 60% of patients in the MHDS group (151 events: 52 deaths and 99
cardiovascular hospitalisations) experienced the primary endpoint (p<0·001), with an increased risk
of outcome of more than 75% in the MHDS.
Prognosis
Single predictors
In the univariate Cox proportional hazard regression analyses (Figure 2), the following
variables were associated with mortality and cardiovascular hospitalisation: age, advanced NYHA
classes, LVEF, BNP, and anaemia. With regard to specific HD, Testosterone deficiency (TD) [1·59 (1·252·01), p<0·001], DHEAS deficiency (DHEAS-D) [1·40 (1·07-1·81), p=0·011], IGF-1 deficit [1·43 (1·131·82), p=0·003], and IR impairment [i.e. patients with abnormal HOMA index or T2D - 1·34 (1·031·73), p=0·03] were associated with the primary outcome. Further, when the analysis was performed
separately for the presence of HOMA-IR or diabetes, only T2D was associated with the primary
endpoint [1·55 (1·20-2·01), p<0·001], whereas HOMA-IR alone, did not show an increased risk of
mortality or cardiovascular hospitalization [0·94 (0·74-1·2), p=0·064]. The number of HD [1·35 (1·211·52), p<0·001] as well as the presence of MHDS [2·09 (1·52-2·88), p<0·001] were associated with
primary outcome. In particular, MHDS identified a group of patients with both higher mortality [2·2
(1·28-3·83), p=0·01] and cardiovascular hospitalisation [1·81 (1·29-2·54), p=0·001] (Figure 1, B-C).
When the analysis was performed without the diabetic patients, MHDS was still associated with an
increased risk of primary endpoint [HR 2·15 (1·49-3·09), p<0·01)].
Kaplan-Meier analysis performed across HD numbers showed that patients without HD had
the best survival rate when compared with those with 1, 2, and ≥3 HD, with a graded relation between
event rate and number of HD (Figure 3). Similar results were obtained when diabetic patients were
excluded from the analysis: the presence of increasing number of HD was associated with an
increased risk of primary outcome [1 HD: HR 1·43 (0·65-3·13), p=0·37); 2 HD: HR 2·53 (1·22-5·27),
p<0·01; HD ≥3: HR 3·08 (1·49-6·38), p<0·002)].
Multivariate Analysis
MHDS
In the multivariable Cox proportional hazard regression analyses for model 1-full model
(Figure 4A), the presence of MHDS was significantly associated with the primary endpoint when

adjusted for age, sex, NYHA class, aetiology, LVEF, BNP, and the presence of obesity, impaired eGFR,
atrial fibrillation, and anaemia [1·74 (1·21-2·5), p=0·003]. In this model, also sex [1·47 (1·01-2·15),
p=0·045], age [1·02 (1·00-1·03), p=0·023], and BNP [1·17 (1·04-1·31), p=0·007] were significantly
associated with the outcome. In the multivariable Cox proportional hazard regression analyses for
model 2-simplified (Figure 4B), the presence of MHDS was significantly associated with the primary
endpoint when adjusted for age, sex, NYHA class, aetiology, LVEF, and BNP [1·93 (1·37-2·73),
p<0·001]. When T2D patients were excluded, MHDS remained strongly and significantly associated
with the primary endpoint [1·95 (1·31-2·90), p<0·001]. The presence of T2D was also significantly
associated with the primary endpoint when adjusted for age, sex, NYHA class, aetiology, LVEF, and
BNP [1·4 (1·05-1·85), p=0·02].
Schoenfeld residual test confirmed the proportional hazards assumption for each covariate
included in the Cox regression model (χ2=17·54, p=0·1).
Number of HD
With regard to model 3 (Figure 4C), the number of HD detected was significantly associated
with outcome even when adjusted for age, sex, NYHA class, aetiology, LVEF, and BNP [1·28 (1·131·43), p<0·001]. When diabetic patients were excluded, the presence of increasing number of HD
remained associated with an increased risk of primary outcome [1 HD: HR 1·72 (0·71-4·22), p=0·23);
2 HD: HR 2·85 (1·23-6·62), p<0·01; HD ≥3: HR 3·1 (1·33-7·23), p<0·01)].
Prognosis related to specific HD
Association between the presence of a specific single HD at baseline and outcomes was
investigated. Kaplan-Meier analyses were performed across TD, DHEA-S D, low IGF-1, HOMA-IR, T2D,
and low T3 for composite endpoint from enrolment (Supplementary Figure 1 and Supplementary
figure 2).
The presence of TD, DHEAS-D, low IGF-1, or T2D, were independently associated with outcome
(p<0·001, p=0·005, p<0·001, and p<0·001 respectively). Patients without HD had the best survival
rate when compared with those with HD. Low T3 syndrome was not significantly associated with the
primary endpoint. However, despite the small number of patients with this hormone defect and the
consequent relatively low event rate, in a sub-analysis performed up to 30 months there was a
significant association with the composite of all-cause mortality and cardiovascular hospitalisation

(p=0·02). No interactions were found between the five HD considered, suggesting a similar role of
each HD in determining the primary endpoint.

Cardiopulmonary performance and echocardiographic findings.
At baseline, patients with MHDS displayed an impaired cardiopulmonary performance
compared with NO-MHDS patients, as shown by significantly lower peak VO2 (15·5±3·8 and 17·7±4·5
mL/Kg/min, respectively, p<0·01) and VO2 at threshold (10·2±2·8 and 12·1±3·2 mL/Kg/min,
respectively, p<0·01). With regard to the echocardiographic findings, no differences were found with
regards to LV morphology, neither systolic nor diastolic function (LVEF 32·3±6·9 and 32·1±7·3%; LV
End Diastolic diameter 63·5±8·5 and 62·3±8·5 mm; LV End Diastolic Volume indexed 97·2±33·2 and
96·3±34·3 ml/m2, in MHDS and NO-MHDS, respectively).
With regard to changes in peak VO2 during follow up, data available showed that MHDS patients
displayed a more severe impairment when compared to NO-MHDS patients (delta changes: -4·5±0·3
vs -2·1±0·2 respectively, p=0·001).

Discussion

In the present study, the first prospective registry specifically designed to investigate the role
played by HD and diabetes on prognosis and survival of HF patient with EF≤ 45%, we document
several novel findings: 1) the prevalence of HD in CHF is very high, exceeding 90%. Specifically, more
than two thirds of patients are characterized by two or more concomitant HD (i.e. multiple hormone
and metabolic deficiency syndrome (MHDS; 2) the presence of MHDS identifies a group of patients
at increased risk of mortality or cardiovascular hospitalization 3) there is a graded relation between
the number of HD and total events, suggesting a possible causal role of MHDS in CHF; 4) roughly two
thirds of the patients with CHF are characterized by abnormal insulin action, either insulin resistance
(IR) or overt type 2 diabetes (T2D); 5) T2D, but not IR, exerts a negative role on CHF survival and
prognosis.

Hormone deficiencies and heart failure
Recently, the new concept that CHF progression is associated with both the overactivity of
adrenergic/renin-angiotensin-aldosterone/cytokine systems and the downregulation/impairment of

hormone activities has emerged.149 Such a pathophysiological model stems from several
independent studies documenting that isolated HD (i.e. adrenal, somatotropic, gonadal, thyroid, and
insulin axes) were associated with the impairment of clinical status and physical performance, and
with poor survival.150,154,155,166,204,205 However, data available in the literature are scattered, lacking
an overall view of the phenomenon. In addition, even when the effects of the combination of
hormone deficiencies have been studied in smaller cohorts, IR or diabetes have been disregarded.150
The T.O.S.CA. registry overcomes this limitation, adding valuable information in the topic, in view of
the even more emerging role of IR or diabetes as relevant players in the pathogenesis of CHF.157
The T.O.S.CA. registry shows that more than 90% of the patients with CHF have at least 1 HD.
Consistently with previous results, the presence of TD, DHEAS-D, or IGF-1 deficiency were
independently associated with poor outcome. Specifically, the role played by each component of the
somatotropic axis (IGF-1 and GH) has been extensively studied during the last 20 years, with several
independent groups reporting lower circulating IGF-1 levels associated with worst NYHA class,
impaired exercise capacity, sarcopenia, and increased inflammatory activation.162,176,206 GH
deficiency is also associated with impaired clinical status, LV remodelling, RV dysfunction, and
increased mortality.166 Likewise, TD is associated with significant impairment of skeletal muscle
function and exercise capacity,207-209 as well as a dysregulation of metabolic profiles, with increased
risk of metabolic syndrome and new onset of T2D.210 Similarly, low T3 syndrome has been associated
with worse cardiovascular performance and increased mortality in CHF,204 and restoring circulating
thyroid hormone levels in low T3 syndrome CHF patients has been shown to improve cardiac output
and induce neurohormonal deactivation.211 IR and T2D have been associated with the severity of
CHF, as testified by impaired six minute walking test and reduced peak VO2.154,211,212
In the current study, we initially combined in a unique group the patients with T2D and the patients
without T2D but with IR. This group, about two thirds of the entire population, was characterized by
an increased occurrence of the primary outcome. T2D is a complex syndrome in which IR and
hyperglycaemia coexist and weighting the relative role played by each of these two components is
complex. However, when T2D alone was investigated, it exerts a tremendous impact on outcome,
even when adjusted in the multivariate analysis, confirming observations from literature.156 On the
other hand, when patients with IR without T2D were investigated, we did not find any effect of IR on
the prognosis of HF. In a small study on 105 CHF patients, mortality was linked to impaired insulin
sensitivity, measured by intravenous glucose tolerance test associated with the minimal model
technique.155 However, it must be considered that in this previous report, mortality was very high

(40% vs 20% of the current report, in three years) and treatment was suboptimal (only 20% of
patients were on beta-blockers). Furthermore, only men were included, whereas in the current study
20% of patients were women. Our finding suggests that, at least on the background of the treatment
currently in use, IR does not appear to play a relevant role in the progression of CHF. Intriguingly, it
has been demonstrated that drugs acting on insulin resistance, (i.e. glitazones), were non-effective
or deleterious in clinical and experimental studies on CHF, whereas drugs having no direct effect on
insulin sensitivity (i.e. sodium-glucose co-transporter-2 (SGLT2) inhibitors) have proved to be
effective in reducing mortality and hospitalization in patients with CHF regardless diabetes.
Considering that almost 40% of our patients are IR but non-diabetics, to clarify the role played by IR
per se is very important, and further analyses are needed.
Taken together, the T.O.S.CA. registry confirmed that each of these HD in CHF is associated not
only with a worse clinical status and impaired performance, but, more importantly, with reduced
survival in CHF, further suggesting their causal role in CHF progression.154-156,162,165,166,204-206 Current
data do not display that a single hormonal defect has a predominant effect on morbidity and
mortality compared with the others: except low T3, the survival curves related to the individual
hormones display a similar divergence over time, pointing to the concept that each HD bears similar
effect on outcome, while their aggregation portends to worse prognosis. Indeed, according to the
interaction analysis performed in our work, none of the HD was able to drive the primary outcome.

Multiple hormone and metabolic deficiency syndrome in HF
Our report showed that the coexistence of at last 2 HD (i.e. MHDS) is very common, involving
about 75% of subjects; notably, MDHS is strongly associated with impaired cardiovascular
performance and increased risk of hospitalization and death.
Previous preliminary findings suggested that the coexistence of HD have a high prevalence among
the patients with CHF and might have an impact on its prognosis.150-152 Specifically, in a cohort of 208
male CHF patients, it has been demonstrated that the coexistence of at least 2 HD, among low levels
of IGF-1, total testosterone, or DEHA-S (about 50% of the population) was associated with reduced
survival.150 More recently, in 107 male patients, a MHDS has been described in about 30% of the
population, with an association between the number of HD and the outcome.151 Finally, in a small
cohort of 72 male patients, a prevalence of MHDS was found in about 60% of population, with a lower
prevalence (about 40%) in HF with preserved ejection fraction.152

Going further these findings, we investigated a broader and more complete panel of hormones,
showing also the impact of thyroid hormone deficiency and IR/T2D. In the current report, we
demonstrate, for the first time, that MHDS has an independent and heavy effect of mortality or CV
hospitalization. Further, The T.O.S.CA. registry describes the relationship between T2D and HD for
the first time. Indeed, we analyse the entire phenotype of insulin action abnormalities, describing
normal patients and insulin resistant one, with or without T2D. By excluding, as additional analysis,
the diabetic patients from the study on the impact of hormone perturbations on CHF, we
demonstrated that T2D could be considered as part of the MHDS.
A further strength of the present report is that female patients represent about 20% of the
investigated cohort, whereas in all previous studies on the topic they have always been excluded.
Therefore, we provide the first demonstration of the importance of MHDS in a mixed-sex population.
This is of utmost importance, given the low representations of women in clinical studies engaging HF
patients and the unmet need to better characterise female patients affected by this clinical condition.
Finally, we demonstrated for the first time that MHDS is associated with a more dramatic
progression of the disease, as testified by the marked change in VO2 between MHDS and NO-MHDS
from baseline to follow-up. Indeed, even if no differences were observed with regard to
echocardiographic findings, MHDS was associated with a more prominent decline of peak oxygen
consumption. This might be due to the loss of many protective effects of hormones on myocardial
mechanics, left ventricular remodelling, but also to the recognized action of anabolic hormones on
skeletal muscle, endothelial function, and ventilator exchanges.149

Translational Perspective
The demonstration that hormones play a pivotal role in CHF progression and predict survival
opens novel therapeutic horizons. While most circulating biomarkers are accepted as molecular
signatures capable of predicting relevant disease states or clinical outcomes or guiding therapy,
hormone deficiencies (HD) are endowed with the potential advantage of being correctable with
appropriate replacement therapy, with preliminary positive results available in literature.164,209,213-215.
Findings from the T.O.S.CA. Registry suggest to searching for HD in patients with HF as promising
therapeutic targets and support the need for clinical trials aimed to demonstrate the potential
benefits of hormonal replacement therapy.
Limitations

The observational character of our study is acknowledged.165 Therefore, the study was not
designed to elucidate the putative biological mechanism of HD in CHF. However, observational
studies are more appropriate to describe the natural history of a disease and to generate or confirm
new pathophysiological hypothesis.216 Further, even if the cut-off values for defining the presence of
HD may be regarded as somewhat arbitrary, they were chosen according with extant literature on
the topic and, when available, with current guidelines.
Table 1. Definition of hormone deficiencies and their prevalence
HORMONE
DEFICIENCY

IGF-1 DEFICIENCY

VALUE FOR DIAGNOSIS

Serum IGF-1 levels below the 33rd
percentile of an age-matched
healthy control population:
• age < 55 years: 122 ng/ml
• 55 y < age < 64.9 y) 109 ng/ml;
• 65 y < age < 74.9 y:102 ng/dl
• age > 75 y: 99 ng/dl

PREVALENCE OF HORMONE DEFICIENCIES
Total Population
N=480

Men
N=386

Women
N=94

221 (46%)

171 (44·3%)

50 (53·2%)

TESTOSTERONE
DEFICIENCY

Serum testosterone levels lower
than 300 ng/dl in male or 25 ng/dl in
female

204 (42·5%)

174 (45·1%)

30 (31·9%)

DHEASDEFICIENCY

Serum DHEA-S levels lower than 80
μg/dL

314 (65·4%)

241 (62·4%)

73 (77·7%)

308 (64·2%)

244 (63·2%)

64 (68·1%)

33 (6·9%)

24 (6·2%)

9 (9·6%)

INSULINRESISTANCE

LOW T3
SYNDROME

Type 2 diabetes mellitus (T2D) or
HomeOstasis Model Assessment
(HOMA) greater than 2·5 (HOMA=
insulin (mcU/mL) x glucose
(mmol/L)/22.5
Serum free T3 lower than 3·1
mmol/L with TSH levels within
normal range

Serum hormones were analysed in a centralized core-lab (IRCCS SDN, Naples, Italy). Insulin
and insulin growth factor-1 (IGF-1) were assayed by an enzyme-labelled chemiluminescent
immunometric assay (IMMULITE 2000; IGF-1, interassay CV= 5·7%, Siemens Medical Solutions
Diagnostics). Total testosterone was measured with a DPC Coat-A-Count RIA kit. DHEA-S was
measured by a solid-phase, competitive chemiluminescent enzyme immunoassay.

Table 2. Demographic characteristics at baseline of final cohort

Variables
Age (yr.)
Sex (% male)
NYHA (% I/II/III/IV)
Aetiology (% ischemic)
Yr. of disease
Systolic blood pressure (mm/Hg)
Diastolic blood pressure (mm/Hg)
Type 2 Diabetes mellitus, n (%)
BMI (kg/m2)
eGFR (, ml/min per 1.73 m2)
NT pro BNP (pg/ml)
Left Ventricular EF (%)

•

Atrial fibrillation (%)
ICD (%)
CRT (%)
Medication (%)
• B-blocker
• ACE-I/ARBs
• MRA
• Diuretics
• Amiodarone
• Digoxin
• Antiplatelets
• Antithrombotic
Lipid-lowering medications
• Ivabradine
• Antidiabetics
• Insulin

Cohort (n = 480)
63·7 ± 11·5
80.4
11/54/33/2
52·7
7 [2-12]
121 ± 17
74 ± 10
120 (25)
28·6 ±5·4
86 ±41
909 [284-2521]
32·3 ± 7·2

11·2
36
11·7
87·5
86
39
69·4
15·8
9·2
49
27·9
51·9
11
15·2
10·6

Abbreviations: ACE-I: Angiotensin-converting-enzyme inhibitors; ARBs: angiotensin-receptor blockers; BMI: Body Mass
Index; CRT: Cardiac resynchronization therapy; EF: Ejection Fraction; eGFR: estimated Glomerular Filtration Rate (CKDEPI); ICD: implantable cardioverter-defibrillator; NYHA: New York Heart Association; NT pro BNP: N-terminal proB-type
Natriuretic Peptide.

Figure 1. Occurrence of the primary endpoint in patients with MHDS.

Kaplan-Meier analysis of composite of all-cause mortality and cardiovascular hospitalizations [1·93
(1·37-2·73, p<0·001] (Primary endpoint, Panel A), all-cause mortality [1·02 (1·01-1·03, p=0·001]
(Panel B), and cardiovascular hospitalization [1·02 (1·01-1·03, p=0·001] (Panel C), in patients with one
or no hormonal deficiencies (NO-MHDS, n=122) vs patients with 2 or more hormonal deficiencies
(MHDS, n=358). Log-rank testing was applied for calculation of p values.
(MHDS: multiple hormonal and metabolic deficiencies syndrome).

Figure 2. Single predictor models of Cox proportional Hazard Analysis

Forest plot of univariate Cox proportional hazard regression analyses of the effect several variables
on the primary endpoint (composite of all-cause mortality or Cardiovascular hospitalization evaluated
in the entire population n=480).

Figure 3. Occurrence of the primary endpoint according to the number of hormonal deficiencies.

Kaplan-Meier analysis of survival for all-cause mortality or cardiovascular hospitalization in patients
with 0 (n=28), 1 (n=94), 2 (n=158), 3, or more than 4 (n=200) hormonal deficiencies [1·35 (1·21-1·52),
p< 0·001].
(MHDS: multiple hormonal and metabolic deficiencies syndrome). Log-rank testing was applied for
calculation of p values.

Figure 4. Multivariable Models of Cox Proportional Hazard Analysis

Adjusted Hazard Ratios for outcome (composite of all-cause mortality or Cardiovascular
hospitalization evaluated in the entire population n=480) according to the presence of MHDS (A) full
model, simplified model (B) or the number of hormonal deficiencies with simplified model (C). (BNP:
B-type natriuretic peptide; EF: Ejection Fraction; NYHA: New York Heart Association; MHDS: multiple
hormonal and metabolic deficiency syndrome; Anaemia: defined as Hgb<10 mg/dl; Obesity: defined
as BMI>30g/m2; impaired eGFR defined as creatinine clearance <60ml/min; AF: atrial fibrillation).

Figure 5. Occurrence of the primary endpoint according to a specific hormonal deficiency.

Kaplan-Meier analysis of composite of all-cause mortality or Cardiovascular hospitalization in patients
with or without (A) Testosterone [1·57 (1·24-1·99), p<0·001] (B) DEHA-S [1·4 (1·1-1·8), p=0·014], (C)
IGF-1 [1·42 (1·11-1·8), p=0·004], (D) or T3 [1·21 (0·76-1·94), p=0·42] (D) deficiency.

Figure 6. Occurrence of the primary endpoint according to insulin impairment.

Kaplan-Meier analysis of composite of all-cause mortality or Cardiovascular hospitalization in patients
with or without (A) insulin signaling impairment [1·34 (1·03-1·73), p=0·03], (B) Type 2 Diabetes (T2D)
[1·55 (1·20-2·01), p=0·001], or Homeostatic model assessment for insulin resistance (HOMA-IR)
impairment [0·94 (0·74-1·20), p=0·64].

3.3 Treatment of hormone deficiencies in heart failure
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Introduction

Since the previous view of chronic heart failure (CHF) as a syndrome merely based on
disordered hemodynamic and fluid balance has switched into a view of the disease involving different
molecular pathways in disarray, our understanding of CHF grew very fast 3,18. CHF is now considered
not only as a “cardiac disease” caused by alterations in the structure and function of the heart but as
a “systemic disease” in which the interplay between myocardial factors, systemic inflammation,
comorbidities, and neurohormonal activation plays a pivotal role17. With the aim of improve the
assessment and the treatment of patients with CHF, the actual vision has progressed from a focus on
recover and support only hemodynamic aspects of the patients to a more targeted view aimed at
modifying the maladaptive molecular processes that contribute to progression of disease217-219.
In this context, mounting evidence showed that hormonal deficiencies (HD) seem to have an
important role in CHF 50,55,63,183,220 . In particular, androgen depletion is common in men with CHF and
is associated with increased morbidity and mortality 53,54. In this review, we summarize clinical data
and potential applications of testosterone treatment in CHF.
Testosterone and HF. Pathophysiological side

The interaction between hormones and cardiac structure and function is something of wellknown57,59,89,221,222. In this context, there are several studies sought to investigate the
pathophysiological mechanisms underpinning this relationship.
The fact that androgen receptors (AR) are expressed in atrial and ventricular myocardial cells,
suggests that testosterone may act directly at the cellular level223. Testosterone and its active
counterpart Dihydrotestosterone exhibit biological effects by interacting with AR expressed on cell
surface as well as in the cytosol. Androgens can mediate different response depending on the type
of interaction with the receptor. AR expressed on the surface seem to be more responsible for the
activation of ion channels and signaling pathways, while intracellular AR are involved in the

modulation of androgen target genes that regulate myocardial and vascular cell activity224. In
addition, also polymorphisms of AR seem to play a role, in particular on metabolic profile225.
Independently from its genomic effect, however, testosterone interacts with myocardial cells by
regulating intracellular Ca2+ homeostasis. Experiments performed on cardiomyocytes of rats, showed
that testosterone inhibits voltage-dependent Ca2+ channels, resulting in a rapid vaso-relaxation in
both large arteries and smaller resistance vessels224. Moreover, it has been evaluated whether
testosterone may have effects on the action potential duration (APD). Some observations suggest
that low testosterone levels prolong APD, increase intracellular Ca2+ release and, consequently, the
duration of contraction226. On the other hand, results obtained in gonadectomized female mice
showed an increased neutrophil infiltration in the border zone of injured tissue after induction of
myocardial infarction when compared with the same group supplemented with testosterone. These
data suggest that testosterone is able to increase inflammation through neutrophil local infiltration
after acute Myocardial infarction. Moreover, this inflammatory status results also in a higher rupture
rate during left ventricular remodeling and higher mortality rate secondary to cardiac rupture227.
There are no clear data about the role and the importance of this inflammation.
Of note, evidences emerging form studies on testosterone deficiency, suggest that testosterone is
linked to the regulation of metabolic profile. In particular, endogenous testosterone levels improve
lipid profile and reduce insulin resistance. Currently, there is no clear consensus on the association
between endogenous testosterone levels and the effect of lipid profile, even though several
evidences suggest that testosterone inhibits the maturation of preadipocytes into mature adipocytes,
reduces total fat mass and increases net lean mass228,229. In addition, recent evidence suggests that
testosterone is a metabolic hormone that differentially regulates the expression of key targets of lipid
and glucose metabolism in a tissue-specific manner to potentially reduce fat deposition in
pathologically relevant locations such as liver and the arterial tree230. Moreover, testosterone
improves fasting glucose levels and glucose tolerance. Indeed, it has been reported that men with
low testosterone levels have double the risk of developing new onset type 2 diabetes and metabolic
syndrome231.
For this reason, it has been hypothesized that testosterone plays a pivotal role in the prevention of
the metabolic syndrome232.
Testosterone and HF. Clinical side.

Several studies have investigated the role of testosterone in the treatment of CHF (table 1).

The first of these was conducted in 12 stable male patients by Pugh et al 233. After administration of
a single dose of testosterone (60 mg orally), the authors monitored central haemodynamic over 6h,
using a pulmonary flotation catheter. Subjects received the second treatment on day 2 and
haemodynamic monitoring was repeated. They observed an increase in cardiac output in the treated
arm, mainly mediated by a reduction in peripheral resistance and left ventricular afterload. It is
interesting to note that no side effects were reported and that results were more evident in patients
with lower baseline levels of testosterone.
A few years later, the same group performed a double-blind, placebo-controlled study, enrolling 20
male CHF patients 234. The treatment group (100mg every 2 weeks for 12 weeks) showed a significant
improvement in the 6 minute walking distance and in the Minnesota living with heart failure
questionnaire score. Following this promising results, they performed a larger randomized, doubleblind, placebo controlled trial in 76 CHF patients235. In the treated group (5 mg/day administered by
an adhesive skin patch), authors demonstrated an improvement of clinical severity disease as
demonstrated by the shift of at least one class of NYHA class (30% of patients vs 8 % in treated and
untreated respectively). In addition, even if testosterone did not change left ventricular morphology
or function, a significant improvement in shuttle walk distance was demonstrated. On the other hand,
treatment had no significant effect on measurements of skeletal muscle bulk and strength, heart
rate, blood pressure, and weight. With regard to plasma concentrations of cytokines (e.g. TNFα, IL1β, and IL-6), which role in CHF is emerging in last years42, no differences where described. This was
in line with previous report
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,

where the administration of physiologic concentrations of

testosterone to male patients with CHF had no effect on the serum concentrations of TNF-α, whether
administered acutely over 6 hours or in the longer term over a 12-week period, either via
intramuscular injection or transdermal patch.
Of note, even if the same group demonstrated, in a previous report, that testosterone therapy was
able to reduce QT duration in men with CHF237, data confirmed by an independent group a few years
later238, in this larger cohort they cannot confirm this finding.
Finally, testosterone treatment was well tolerated, even though some local reactions caused by the
patch preparation was described.
Considering that elderly patients displays a deterioration of skeletal muscle strength, affecting early
fatigue and limiting exercise tolerance 239,240, in a double-blind, randomized, placebo-controlled study
focused on these patients, Caminiti et al 195 demonstrated that testosterone therapy (12 weeks with
very long acting intramuscular 1000 mg testosterone undecanoate) improves functional exercise

capacity and muscle strength. In 70 elderly patients with stable CHF and median age of 70years, peak
VO2 and index of muscular strength (e.g. quadriceps maximal voluntary contraction and peak torque)
improved in testosterone group but not in placebo group. Further, also glucose metabolism (HOMAIR) and baroreflex sensitivity improved.
In 2014, Miramadi et al241 performed a double-blind, placebo-controlled trial, in which 25 male
patients received an intramuscular (gluteal) long-acting androgen injection (1mL of testosterone
enanthate 250mg/mL) once every 4 weeks for 12 weeks. When compared with the placebo arm, the
treatment group displayed a significant increasing trend in 6 minute walking distance and quality of
life.
Further, Stout et al 242 demonstrated that testosterone supplementation added to a program
of exercise rehabilitation was feasible and can positively impact on a range of key health outcomes
in elderly male patients with CHF who have a low testosterone status. Indeed, testosterone
treatment (an intramuscular (gluteal) injection of 100 mg testosterone/mL once a fortnight for 12
weeks) induced positive changes in aerobic fitness, leg strength, depression, and androgen deficiency
symptoms that were not observed in placebo group. In this context, a very interesting study was
performed by dos Santos and colleagues243. In this study, 39 male patients with advanced CHF (NYHA
class III) and testosterone deficiency were randomized to training (4-month cycloergometer training),
testosterone (intramuscular injection of testosterone undecylate for 4 months), and training +
testosterone. Authors not only confirmed that testosterone therapy was able to potentiate the
beneficial effects of exercise training in patients with CHF, but provide interesting information about
the effects of the combined therapies on total body composition, functional capacity, hormonal
status, and quality of life, supporting the concept that is the peripheral effect of testosterone the
cause the improvement in cardiovascular performance.
Considering the important topic of sex and gender differences 82,179,244-246 , the effect of testosterone
treatment has been investigated also in female population. In 36 female patients treated with
testosterone (300 mg, patch transdermal, twice per week), an improvement in 6 minute walking
distance and in peak oxygen consumption was observed. In this group, a positive effect was observed
on metabolic pattern too (insulin resistance)196. In addition, also in female patients, a direct effect of
testosterone to shorten ventricular repolarization in vivo was demonstrated238.

Clinical implication

About 5 years ago, a meta-analysis performed by Toma and collegues247 demonstrated that
testosterone supplementation in patients with CHF is associated with a clinically significant
improvement in the exercise capacity, expressed as 6 minute walk test distance. Of note, this
improvement was greater than that seen with other CHF treatment (e.g. beta blockers and ACE
inhibitors etc). Also VO2 peak and NYHA class improved in patients receiving testosterone treatment.
Because this progress are not associated with an improvement in cardiac structure or function, the
cause of these findings is most likely due to peripheral mechanisms, as showed by dos Santos et al243.
It is important to underline that in current literature only small trials are available, with different kind
of patients and using different routes and dosage of testosterone. Further, all studies are focused in
the setting of CHF with reduced ejection fraction and no data are available about CHF with mildly
reduced or preserved EF. Finally, all these studies, because of the short term of their design, are
focused only on the study of change in clinical parameters and not on strong clinical outcome, as
mortality and/or hospitalization.
Of note, none of the trials showed a significant change in prostate specific antigen. In the studies
using topical testosterone, skin reactions were described. Thus, there are no real safety concerns
reported in any of the trials.
Another intriguing issue to argue is that the basal testosterone status was not used in all the studies
as a parameter of inclusion or exclusion. Recently, in the context of HD in CHF

180,181,185,248,249

, the

idea that not all the patients need a hormone therapy, but only patients with a deficit of the axis of
interest, has improved the outcome and represents the most promising option in this field 64,65,67,184
.
Finally, considering the high frequency of multiple HD in CHF, no data are available about combined
hormone treatment.
Conclusion

Taken all together, findings from the most recent literature demonstrated that testosterone
treatment in CHF is a promising issue that needs further investigation.

3.3.2 Salzano A, Marra AM, D'Assante R, Arcopinto M, Suzuki T, Bossone E, Cittadini A. Growth
Hormone Therapy in Heart Failure. Heart Fail Clin. 2018 Oct;14(4):501-515. doi:
10.1016/j.hfc.2018.05.002. Epub 2018 Aug 17. Review. PubMed PMID: 30266359.

Introduction

Despite considerable improvement in the management of Heart failure (HF), unsustainable levels of
morbidity and mortality coupled with an increasing economic and social burden have been observed
over the previous decades 3. One possible explanation might be that no single pathophysiologic
paradigm of HF may completely explain disease progression.
The classical neuro-hormonal model, rooted on over-expression of different molecular pathways
such as the sympathetic nervous, the renin-angiotensin-aldosterone, and the cytokines system,
represented the theoretical background for the implementation of milestone clinical trials, which in
turn have dramatically changed the natural history of this disease 3,250. Nowadays, drugs that contrast
the sympathetic nervous system (β-blockers) and the renin-angiotensin-aldosterone pathway
(Angiotensin Converting Enzyme inhibitors/Angiotensin Receptor Blockers, angiotensin receptor
neprilysin inhibitor, and Mineralocorticoid Receptor Antagonists) are considered the first line
pharmacological therapy of heart failure 1,2,217,218.
However, CHF is still burdened by increased mortality, worse than that of many cancers, frequent
comorbidities and, consequently, remarkable associated health care costs 3. For this reason, other
pathophysiological models to complement the paradigm of neuro-hormonal hyperactivity were
proposed. In this regard, several studies have showed that hormonal deficiencies are common in CHF
48,53,55,63

and, more importantly, are significantly related with several indexes of physical performance

and survival. The importance of these data led some authors to consider CHF as a Multiple Hormone
Deficiency Syndrome 48.
In this context, the reduced activity of Growth Hormone (GH) and its tissue effector Insulin-like
Growth Factor 1 (IGF-1) 62 plays a pivotal role. This review is focused on the involvement of GH/IGF1 axis in CHF, on the role and prevalence of GH Deficiency (GHD) in HF, and on the effects of GH
therapy both as add—on as well as replacement the correction of GHD in HF.

The effects of GH-IGF1 on the cardiovascular system

The pituitary secretion of GH exerts several biological effects through the interaction between GH
and its specific receptors (GHR) that leads to the hepatic production of Insulin-like Growth Factor-I
(IGF-I), its major biological mediator 251,252. Through a long-loop feedback, IGF-1 produced in the liver
in response to GH, prevents GH release (see figure 1).
Among all the anabolic systems existing in nature, the GH/IGF-1 pathway is considered the most
powerful. It regulates post-natal growth by increasing muscle mass, bone length, and density during
childhood and adolescence. Furthermore, carbohydrates and lipids metabolism are regulated by its
effects, mainly on visceral adipose tissue

253

. IGF-1 circulates in blood either free or bound to

particular binding proteins (called IGFBPs) that prolong the its half-life

254

. Nevertheless almost of

90% of circulating IGF-1 is part of a ternary complex composed of IGF-specific binding protein 3
(IGFBP-3) and acid- labile subunit (ALS) 255. Through this complex, IGF-1 is able to reach its targetorgans, where the interaction with its own receptor (IGF1R) activates the PI3K/Akt pathway 256. This
complex pathway promotes the main effect of GH: cell growth, enhances glucose transport, inhibits
apoptosis and acts along with Interleukin- 6 (IL-6) to protect cells from TNF-α cytotoxicity 254.
The cardiovascular system is an important target of this anabolic axis 251,257. It is well established that
GH plays a pivotal role by regulating cardiac growth, cardiomyocyte size and metabolism, by
stimulating amino acid uptake for protein synthesis

258

, and promoting the transcription of genes

specifically expressed in the cardiac muscle 258. Moreover, systemic vascular resistance are likely to
be reduced by the activation of IGF-1 receptors through the production of nitric oxide (NO). IGF-1
leads to augmented contractility of cardiomyocytes mainly by increasing intracellular calcium
concentration and calcium sensitization of the myofilaments, and preserves capillary density

259

.

Through regulation of the sarco/endoplasmic reticulum Ca2+-ATPase (SERCA2), IGF-1 also induces
the reuptake of calcium by the sarcoplasmic reticulum. Moreover, enhancement of akt signaling,
which lies downstream of IGF-1 receptor, augments myocardial contractility and diastolic function
and such effects are associated with increased SERCA2 myocardial content, a pivotal regulator of
calcium handling 260.
GH/IGF-1 deficiency in heart failure

According with literature, GH deficiency (GHD) is a common finding in CHF with a prevalence ranging
from 32% to 53%

55,63,64,261

. Less congruent are data regarding IGF-1 in CHF. Most of the studies

reported reduced IGF-1 serum levels when compared with healthy controls 53,61,191,261,262, in particular
in patients with more advanced heart failure 190,263 or cachexia 264,265.
Since GH levels and daily response are influenced by anthropometric factors, physical activity and
sleep patterns
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the diagnosis of GHD in adults may be challenging. The most recent guidelines

considered the insulin tolerance test (ITT) as the gold standard test for evaluation of adult GHD 267269

. Considering that in CHF patients hypoglycemia could be unsafe, alternative tests are used. In

particular, because of its high discriminatory power, convenience and reproducibility, the
contemporary administration of Growth Hormone Releasing Hormone (GHRH) and arginine has
gained wide acceptance for GHD diagnosis 261,270. Novel alternative tests to the ITT for the diagnosis
of GHD are under evaluation 271.
Blood samples for GH measurement are taken every 15-30 minutes during the next two hour after
an intravenous infusion of arginine (0.5 g/kg, maximum dose 30 g) followed by an intravenous bolus
of GHRH (1 mcg/kg, maximum dose 100 mcg) 272. To avoid that molecules GH-like (e.g. prolactin) may
potentially affect the measurement cross-reacting with monoclonal antibodies, is usually used to
limit detection to the 22 kDa GH isoform, the most common of the different isomers and isoforms of
circulating GH 273.
It was already ascertained by several independent groups that GHD is per se associated with impaired
cardiovascular performance and increased peripheral vascular resistance. A positive correlation
between GHD severity and cardiac impairment was described 274. Furthermore, population studies
reported an increased cardiovascular mortality associated with GHD

275

. With the aim of

systematically evaluate GH/IGF-1 activity in a large cohorts of CHF patients, combining measures of
the IGF-1 system with stimulated pituitary responses, our group recently performed a GHRH+
Arginine provocative test 61 on 130 CHF patients, demonstrating a GHD prevalence of ≈30%. Of note,
GHD patients displayed larger LV volumes with elevated wall stress, as well as higher filling pressures,
and impairment of right ventricle systolic function compared with GH sufficient patients. Moreover,
GHD patients also displayed impaired peak VO2 and reduced ventilator efficiency, resulting in a worse
cardiopulmonary performance. The coexistence of GHD and CHF identifies a subgroup of patients
with increased mortality, as showed by the Cox-regression analysis showed that GHD cohort has
higher risk of mortality compared to GH sufficient cohort (HR 2.11, p = 0.021) independent of age,
sex, NT-proBNP, peak VO2 and LVEF. With regard to GHD in HFpEF, recently Salzano et al.
demonstrated that such endocrine defect is also common in HFpEF, although to a lesser extent than
in HFrEF 55.

Few data are available dwelling upon GH and acute HF. Recently, Bhandari et al. 276 evaluated serum
GH concentrations in 537 patients admitted for AHF. GH levels were increased in all patients who
experienced one of outcome measures (either death or readmission within 1 year), without regard
of EF. In this context, GH levels were independently predictors of outcomes in HF with reduced EF
but not in HF with preserved EF. Interestingly, GH improved risk classification as measured by
continuous net reclassification improvement (NRI) when added to the ADHERE multivariate logistic
model (which in turn is composed by age, sex, urea, heart rate, and systolic blood pressure) 277, and
to ADHERE model + NT-proBNP. The authors concluded that GH could be used as incremental
prognostic biomarker over the ADHERE score clinical predictors and NT-proBNP for risk stratification
of acute HF patients. Even with the strong limitations due to the evaluation of a single GH
measurement taken in unfasted patients, this work, for the first time, demonstrated incremental
prognostic utility of the assessment of a marker of GH activity also in HF acute settings. No data are
available as to the prevalence of GHD in AHF.
Mechanism of GHD in CHF
Despite it is not possible to put forward a single explanatory pathophysiological mechanism of the
occurrence of GH/IGF-1 impairment in CHF, many explanations could be provided regarding the
underlying mechanism of impaired GH/IGF-1 secretion in CHF: (I) local hypo-perfusion of the
hypothalamic-pituitary axis; (II) alterations related to chronic disease, inflammation, and liver
congestion; (III) effects of CHF therapy on GH/IGF-1 axis. The systemic hypo-perfusion and reduced
oxygen supply, a typical hallmark of CHF clinical syndrome is likely to alter pituitary perfusion, likewise
what happens in other in other splanchnic districts. This mismatch between arterial perfusion and
venous drainage is likely to cause somatotropic cells death resulting ultimately in GHD. Although the
association between perfusion delay and GHD has been proved in non CHF patients 278, to best of our
knowledge no neuroimaging study of the hypothalamic-pituitary axis of CHF patients has never been
conducted.

Moreover Broglio et al., after exclusion of the presence of an hyperactivity of

somatostatin pulse, which physiologically counteracts GH secretion, in a cohort of 38 DCM patients
found a reduced response to different provocative tests such as GHRH, GHRH + Arginine, and GHrelated peptides and hypothesized a primary hypothalamic damage 261. Considering that defects of
GH/IGF-1 secretion are founded also in other several chronic wasting conditions characterized by
inflammatory activation, cytokine overexpression, and liver congestion

82

, another hypothesis is

rooted in a possible role of this conditions, that lead to a reduced hepatic synthesis of peptides

hormones produced by the liver and at the same stage a peripheral GH. Considering that both ACEinhibitors 279 as well as β-blockers 280 are likely to modify IGF-1 secretion through a direct inhibitions
of IGF-1 signaling pathway, another explication for GHD in CHF might be found in therapy of CHF per
se.
In all likelihood, no single mechanism is sufficient to explain the impairment of the GH/IGF-1 axis in
CHF, but probably the synergy and interaction of different pathophysiological processes and
concomitant pharmacological issues might represent its underpinnings.
Growth Hormone therapy in HF

A dangerous liaison exists between hormones and cardiovascular diseases
growing body of evidence supports the role of hormonal therapy in CHF

56-59,179

67,281

. Nowadays, a

. In this intricate

scenario, the impairment of GH/IGF-1 axis plays a critical role in CHF 50. The vast majority of studies
showed that patients affected by this condition display a more aggressive disease. The impact of
multiple and concomitant anabolic deficiencies (including therefore also GH and IGF-1 assessment,
Testosterone, Insulin Resistance, Thyroid, etc.) on different end-points including hospitalization and
mortality rate in CHF are being investigated by a prospective multicenter clinical registry, the
T.O.S.C.A (Trattamento Ormonale nello Scompenso CArdiaco), 52,181. Among hormonal therapy, GH
replacement therapy represents a promising therapeutic opportunity in CHF. Data derived from
animal models showed beneficial effects of GH on peripheral vascular resistance, cardiac function,
and survival

282-286

. Among the pathophysiological mechanisms, is well recognized that early

treatment of large myocardial infarction with GH reduces pathologic LV remodeling and improves LV
function 287. Despite this solid background, when translated onto clinical field, these results did not
lead to unequivocal results

51,248,288-302

(see table 1). At the beginning of the nineties, several

preliminary pilot studies tested the effect of GH therapy leading to encouraging results both in CHF
248,288,289,292-294,297,299

clinical trials

as well as other clinical setting 303. However, more robust randomized controlled

248,290,291,296-299

patients, Osterziel et al.

291

failed to confirm previous results. In particular, in a cohort of 50 CHF
demonstrated a significant increase in left-ventricular mass, strongly

related to changes in serum IGF-I concentrations but without significant improvement in clinical
status. Of note, ejection fraction increased markedly in patients with larger increases of IGF-1 during
GH treatment 296. Isgaard et al. 290 and Acevedo et al. 299 showed no effects of GH therapy, despite
the last demonstrated a positive correlation between the changes in oxygen consumption and

ejection fraction in GH treatment group. Adamopoulous et al., in a randomized crossover trial,
demonstrated that GH administration modulates beneficially circulating cytokine network and
soluble adhesion molecules in patients with idiopathic dilated cardiomyopathy, whilst enhancing
contractile reserve and diminishing LV volumes

298

. Of note, the relationship between cytokine

network, cardiac performance and survival in HF was demonstrated also by our group 42. Fazio et al.
248

in a randomized, double blind placebo controlled trial, demonstrated that GH, but not placebo,

increased IGF-I serum concentration, improved New York Heart Association functional class,
improved cardiopulmonary performance (improved exercise duration, peak power output, peak
minute ventilation , peak oxygen consumption, and anaerobic threshold) without affecting lung
function parameters.
However, in an elegant pooled meta-analysis of effects of GH therapy in CHF, Le Corvoisier et al.
demonstrated that sustained GH treatment improves several cardiovascular parameters in HF 304. In
particular, an increase in LV Ejection Fraction (EF) and a reduction in systemic vascular resistance
were showed, both associated with beneficial long-term changes of cardiac architecture related to
an increase in LV wall thickness and a reduction in LV diastolic diameter 304. In another meta-analysis,
Tritos et al. demonstrated that GH therapy resulted in an increase of LVEF, cardiac output, an
improvement in systemic vascular resistance and NYHA class level, and an amelioration of exercise
duration and of maximum oxygen uptake, with no adverse effects on diastolic function 305 . A possible
explanation of these inhomogeneous data could be find in the different study duration, target dose,
end-points, and the lack of assessment of GH status 67. In particular, Le Coirvoisier et al., performing
a subgroup analysis according to target dose of all clinical trials, demonstrated that while high-dose
GH therapy was associated with significant overall effect for ventricular morphology,
cardiopulmonary performance and clinical status, low GH dose was associated only with exercise
duration and NYHA class. Moreover, when trials were separated in two groups according to the
median of IGf-1 increase, studies with larger IGF-1 increase reported a significant overall effect size
for LV morphology and cardiopulmonary performance, while no significant effects were showed by
trials with smaller IGF-1 increases. The take home messages of this work are: i), a proven impairment
of of GH/IGF-1 status, e.g. GHD should be the preliminary condition before starting to administer GH,
ii) physicians should consider an individualized dose titration of GH in patients with HF, iii) GH therapy
should not be administered in all patients with CHF, but only in mild to moderate CHF, considering
the hypothesized GH resistance state of the more advanced disease

265

. On these premises, ten

years ago our group implemented a novel approach, performing a randomized, single-blind

controlled proof-of-concept trial in which, for the first time, the effects of GH therapy were tested
only in patients affected by both GHD and CHF

64

. In this study, to check GHD status, patients

underwent a GHRH + Arginine provocative tests. After 6 months, GH replacement therapy decreased
circulating NT-pro-BNP levels, augmented LVEF (from 33 ± 2 to 36±2 %, p<0.01), increased peak
oxygen uptake (from 12.9 ± 0.9 to 14.5± 1.0 ml/kg/min, p<0.005), improved quality of life score and
flow-mediated vasodilation. Considering these encouraging results, with the aim to evaluate for the
first time in HF a long-term GH therapy, we extended this study with a 4-year follow up in order to
assess whether these effects were sustained or tend to vanish over time 65 . At the end of the study,
GH replacement therapy was still associated with a significant reduction of both LV end-diastolic and
end-systolic volumes indexes and circumferential wall stress, accordingly with a LV reverse
remodeling, as documented by an increase in LVEF. In the GH group peak VO2 increased remarkably
(with a treatment effect of 7.1 ± 0.7 ml/kg/min in the GH group while the control group experienced
a change of -1.8 ± 0.5, p < 0.001). Moreover, a difference in the composite of death and
hospitalization for HF was observed, even though the study was not designed for hard clinical
endpoints.
However, the usefulness of GH replacement therapy must be still proved in a double-blind placebo
controlled trial. In this context, our group has been recently awarded with the 2016 Grant for Growth
Innovation (GGI) International Award, proposing a double-blind study of GH replacement therapy in
CHF patients with coexisting GH deficiency.
Side effects
Taken all together, data from clinical studies showed that GH therapy, if used with correct dosage, is
safe and without major collateral effects. The worsening of ventricular arrhythmias reported by
Frustaci et al.
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are not reported by other studies. A possible explanation for this apparent

discrepancy is the very high dosage used by Frustaci et al. It is well known that supraphysiologic levels
of GH, as in Acromegaly, could lead to an increase in ventricular arrhythmia. Moreover, Le Corvoisier
et al

304

demonstrated that there were no differences in the frequency of major adverse effects

between GH and placebo treatments: death, worsening of heart failure, increased salt retention and
ventricular arrhythmias are not significant between treatment or placebo arms. Moreover, Cittadini
et al., in the trial that lasted longer on GH therapy in CHF, reported no major adverse events in the
patients who received GH therapy. In particular, in this population, only two cases of arthralgia are
reported. This is a well-known side effect of GH replacement, and improved after GH therapy

withdrawal. The relatively low prevalence of adverse effects is congruent with the largest database
available, which indicates that GH replacement in adults is well tolerated 306.

Conclusions

Growing evidence support the hypothesis that CHF could be viewed as a Multiple Hormone
Deficiency Syndrome. Deficiencies of the main anabolic axes are very common in CHF and are
associated with poor cardiovascular performance and prognosis appearing not to be only a mere
cluster of biomarkers. Among these, GHD plays a pivotal role and its correction is likely to be
considered as an innovative therapie that have to be considered in CHF.
In this regard, most recent statement of the American Heart Association on management of Dilated
Cardiomyopathies 307 , recommends with strong level of consensus the testing for GH deficiency in
patients with DCM who have other signs and symptoms of those clinical disorders (Level of Evidence
C) and recommends that appropriate therapy of the primary disorder of GHD should be performed
in all patients with coexisting DCM.
On the basis of the aforementioned evidence acquisition and authors ‘own experience, a suggested
flowchart addressing the management of GHD in CHF patients has been developed for clinical use
(see figure 2). In particular, we suggest that (I) GH status should be investigated in all CHF patients,
in particular in who displays signs and/or symptoms of GHD and/or have past medical history of
condition commonly associated with GHD (e.g. structural hypothalamic/pituitary disease, surgery or
irradiation in these areas, head trauma, or evidence of other pituitary hormone deficiencies); (II) GH
should be administered only in those patients with an impairment of GH/IGF-1 status, e.g. GHD, as a
replacement therapy; (III) an individualized dose titration of GH should be considered for each patient
depending on neuro-humoral response; (IV) GH therapy should not be administered in patients with
advanced CHF, which are probably already in a GH resistance state.

3.3.3 Salzano A, D’Assante R, Lander M, Arcopinto M, Bossone E, Suzuki T, Cittadini A. Hormonal
replacement therapy in heart failure: focus on growth hormone and testosterone. Heart Fail
Clin. 2019 Jul;15(3):377-391. doi: 10.1016/j.hfc.2019.02.007. Epub 2019 Apr 6. Review. PMID:
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Introduction

To date, the mainstay of Heart Failure (HF) treatment is considered the counteraction of
neurohormonal over-activation 1. Indeed, according to the namesake pathophysiological model, even
if the renin–angiotensin–aldosterone (RAAS) together with the adrenergic system plays a
compensatory role in the early phases of the disease, they soon themselves become responsible for
the progression of HF, triggering a vicious cycle of ever more deleterious increasing neurohormonal
action 3,178. Thus, the main target of HF therapy is to block this pattern using drugs as angiotensinconverting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARBs), beta-blockers, mineral
receptor antagonist (MRA), and the novel angiotensin receptor-neprilysin inhibitor (ARNI). However,
because of the activation of alternative escape pathways limiting the ability to completely prevent
the natural progression of HF, the positive effects of these drugs are limited.
In this context, a dangerous link exists between hormones and cardiovascular system 56-58,179,181. To
date, growing evidence supports the concept that hormonal deficiencies (HD) in HF have a high
prevalence and a strong impact on the disease, with a promising possible role of hormonal therapy
67,184

. In this intricate scenario, growth hormone deficiency (GHD) and testosterone deficiency (TD)

seem to play a critical role

50

in particular. Most studies in the field demonstrated that patients

affected by these disorders display a more aggressive phenotype of HF. However, the impact of
multiple and concomitant HD (including GH and IGF-1, Testosterone (T), Insulin Resistance, Thyroid,
etc.) on adverse cardiovascular outcomes (e.g. hospitalization and mortality rate) in CHF is not
completely elucidated although a growing body of evidence suggests that treatment of these might
have a role in HF 247,304,305,308.
This review gives an overview of the current evidence regarding GH and T deficiencies in HF,
reviewing the impact of their treatment in HF.

Growth Hormone treatment in HF

GH deficiency in heart failure
The prevalence of GH deficiency (GHD) ranges from 32% to 53%

55,63,64,261

. The literature suggests

IGF-1 serum levels are decreased in HF patients when compared with healthy subjects 53,61,191,261,262.
Of note, this finding is particularly evident in more advanced HF patients 190,263 or those with cachexia
264,265

.

Despite current guidelines suggesting insulin tolerance testing (ITT) as the gold standard test for
diagnosis of GHD in adults 266-269, because hypoglycemia could be unsafe in HF setting, alternative
tests are often used instead. The Growth Hormone Releasing Hormone (GHRH) and arginine test
could be considered the more convenient option 261,270-273.
Several independent groups have demonstrated that GHD is per se related to impaired cardiovascular
performance and increased peripheral vascular resistance, with a clear association between GHD
severity, cardiac impairment 274, and an increased cardiovascular mortality 275. Recently, combining
stimulated pituitary responses with measures of the IGF-1 system in a cohort of HF patients, our
group demonstrated that GHD patients displayed higher filling pressures with larger left ventricular
(LV) volumes, and a more severe impairment of right ventricle systolic function respect of non-GHD
patients 61. Further, a significantly lower peak oxygen consumption (peak VO2) and reduced ventilator
efficiency have been demonstrated in the GHD group, resulting in impaired cardiopulmonary
performance. Of note, patients with coexistent GHD and CHF display a higher risk of mortality
compared to the GH sufficient cohort (HR 2.11, p = 0.021). With regard to HF with preserved EF
(HFpEF), it has been demonstrated that GHD is a common finding, although to a lower degree when
compared to HF with reduced EF 55.
In the acute setting, a relationship between GH status and outcome has been demonstrated 276. In
537 acute HF patients, GH levels were increased in all patients who died or were readmitted to
hospital within one year, regardless of their EF. In this setting, GH levels were independently
predictors of poor outcome in HFrEF but not in HFpEF. When added to the ADHERE multivariate
model

277

, GH was able to ameliorate the net reclassification improvement (NRI) as well as when

added to the ADHERE model + NT-proBNP.. Despite some limitations (e.g. the single GH
measurement taken in non-fasted patients) for the first time GH activity has shown promise as a
prognostic marker in the acute settings. To date, no data is available around the prevalence and role

of GHD in acute HF.
Mechanisms of GHD in CHF
Local hypo-perfusion of the hypothalamic-pituitary axis (with somatotropic cell death from
mismatched arterial and venous flow) 261,278, alterations related to chronic disease (as well as in other
several chronic wasting conditions characterized by liver congestion, inflammatory activation, and
cytokine overexpression)
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, and/or effects of CHF therapy on GH/IGF-1 axis

279,280

have been

considered as possible explanatory pathophysiological mechanism of the occurrence of GH/IGF-1
impairment in CHF. Current understanding suggests a multiple model in which the synergy and the
interaction of these different molecular pathways with the concomitant pharmacological action
could explain the GH/IGF-1 axis alterations 309,310.

Growth Hormone treatment in HF
Data derived from animal models have shown several beneficial effects of GH on cardiac morphology
and function, peripheral vascular resistance, and survival

282-286

. With regard to the

pathophysiological mechanisms, it is well recognized that GH therapy in myocardial infarction in the
early stage is able to improves LV function, mainly through a reduction of the pathologic LV
remodeling 287. However, results in the human CHF population remain inconsistent 51,288-302,311 when
applied into clinic studies (see table 1). In the early nineties, preliminary pilot studies verified the
effects of GH treatment leading to positive results both in CHF 288,289,292-294,297,299,311 as well as in other
clinical settings 303. However, when these results were tested in randomized controlled clinical trials
290,291,296-299,311

previous encouraging results were not confirmed. Specifically, in a population of 50

CHF patients, Osterziel et al. 291 demonstrated an increase in LV mass strongly related to serum IGFI changes, but not a clinical improvement in patients with CHF. Of note, EF increased noticeably in
patients with the larger increases of IGF-1 during GH treatment
Acevedo et al.

299

296

. Isgaard et al.

290

as well as

showed neutral effects of GH therapy in CHF patients, although the latter

demonstrated a positive relationship between the changes in oxygen consumption (peak VO2) and
EF in GH therapy group. In patients with idiopathic dilated cardiomyopathy, a beneficial modulation
of circulating cytokines and soluble adhesion molecules has been demonstrated by Adamopoulous
et al. in a randomized crossover trial, together with positive effects of GH in contractile reserve and
LV volumes

298

. Our group confirmed the relationship between cytokine network, cardiac

performance, and survival in HF

42

. Finally, in a double blind placebo randomized controlled trial,

Fazio et al.

311

demonstrated that GH increased IGF-I serum levels, improved New York Heart

Association (NYHA) functional class, and cardiopulmonary performance without affecting lung
function parameters. None of these effects were observed in the placebo group.
Considering these results, with the aim of clarifying the overall effect of GH treatment in HF, Le
Corvoisier et al. performed a pooled meta-analysis of effects of GH therapy in CHF

304

. In brief,

sustained GH treatment improves cardiovascular parameters in HF (in particular LVEF) with a
reduction in general vascular resistance. These changes were associated with a positive long-term
modification in cardiac morphology, due to an increase in LV wall thickness and a reduction in LV
diastolic diameters

304

. Tritos et al, in different meta-analysis, demonstrated that GH treatment

resulted in an improvement in systemic vascular resistance, an increase of cardiac output, LVEF, and
NYHA class level together with a significant improvement in exercise duration and in peak VO2 305. No
effects where observed with regard to diastolic function. It is necessary to underline that there is a
great inhomogeneity of data with regard to study duration, target dose, end-points, and the lack of
assessment of GH status 67. When trials were separated in two groups according to target dose of all
clinical trials, Le Coirvoisier et al. demonstrated that a low GH dose affected only NYHA class and
exercise duration, whereas a high GH dose positively affected ventricular morphology,
cardiopulmonary performance and clinical status. Subgroup analysis according to the median of IGF1 increase showed that larger IGF-1 increases corresponded with a more significant effect size for LV
morphology and cardiopulmonary performance. However, a neutral effect was observed in trials with
smaller IGF-1 increases 304. Recently Brankovic et al, in a cohort of 263 CHF patients from the BioSHiFT study, demonstrated that the temporal patterns of insulin-like growth factor binding proteins
(IGFBPs), in particular IGFBP-1, IGFBP-2, and IGFBP-7, predict adverse clinical outcomes and could in
part explain the non-responsiveness of some patients to GH treatment 312-314,
Taken all together, several findings from these meta-analyses can be considered and translated into
clinical practice. First, before starting GH administration a proven impairment of GH/IGF-1 status,
(e.g. GHD) should be confirmed. Second, dose titration should be individualized. Third, GH therapy
should not be administered in all patients with CHF, but rather the subgroup of patients in which GH
treatment is more effective (e.g. mild to moderate CHF, considering the GH resistance state of the
more advanced disease 265).
In a randomized, single-blind controlled proof-of-concept trial, our group were the first to assess the
effects of GH therapy were assessed only in those patients suffering from GHD

64

. In this study

patients underwent a GHRH + Arginine provocative test with the aim of understanding GHD status;

thus, only when GHD was diagnosed GH treatment was started. After 6 months of GH replacement
treatment, we observed a decrease in circulating NT-pro-BNP levels, an improvement of LVEF (from
33 ± 2 to 36±2 %, p<0.01), and of peak VO2 (from 12.9 ± 0.9 to 14.5± 1.0 ml/kg/min, p<0.005),
together with a better quality of life score and flow-mediated vasodilation. Because of these positive
findings, we extended this study with a 4-year follow up 65 to establish the long-term effects of GH
therapy in HF. At 48 months, GH replacement therapy was still associated with a significant
reductions of LV end-diastolic, end-systolic volumes, and circumferential wall stress, with LV reverse
remodeling accordingly, resulting in an increase in LVEF. Further, in the GH group the improvement
of peak VO2 was remarkable (final treatment effect of 7.1 ± 0.7 ml/kg/min in the GH group compared
to of -1.8 ± 0.5, p < 0.001 in the control group). In addition, whilst the study was not designed for
hard clinical endpoints, a significant difference in the composite of death and hospitalization for HF
was observed. To date, this is the longest study that investigated the effect of GH in CHF.
Further research is needed to verify the efficacy of GH replacement therapy and our group is
beginning a randomized double-blind placebo controlled trial of GH replacement therapy in CHF
patients with coexisting GHD.
Side effects
General data derived from clinical studies have showed the safety of GH treatment 257,315. If used with
the correct dosage, GH treatment could be considered without major collateral effects. The initial
warning of worsening ventricular arrhythmias, perhaps related to the very high dosage of GH used
by Frustaci et al 289 has not been reported by subsequent studies.
It is well known that an excess of GH, such as in acromegaly, could lead to an increase in ventricular
arrhythmia316. When all clinical studies were revised by Le Corvoisier et al

304

, there were no

differences in the incidence of major adverse effects (death, worsening of HF, increased salt retention
and ventricular arrhythmias) between treatment and placebo arms. Finally, after 48 months of follow
up, Cittadini et al. reported no major adverse events in the patients treated with GH at long-term 65.
In particular, in the final cohort of 17 patients, only two cases of arthralgia, a well-known transient
side effect of GH replacement, were reported. The relatively low prevalence of adverse effects
observe in this study is in line with data derived from the largest database on GH treatment available
306

.

Testosterone treatment in HF

Testosterone deficiency

The interaction between hormones and cardiac morphology and function is something well
recognized 50,57,89,181,222, with testosterone (T) showing a key role.
Some authors suggest the hypothesis of a direct action of T on the androgen receptors (AR) in
myocardial cells

223

. T and its active counterpart dihydrotestosterone (DHEA) interact with AR

expressed externally on the cell surface and internally in the cytosol. Extracellular AR seem to be
more linked to the activation of ions channels and signaling pathways. Intracellular AR are more
involved in the androgen target genes modulation, resulting in a fine regulation of myocardial and
vascular cell activity

224

. Additionally, there is evidence that metabolic profile is affected by

polymorphisms of AR 225.
In the general population, the decline in androgen levels with aging contributes to sarcopenia,
visceral adiposity deposition, and osteopenia. From the forth decade of life, there is a decrease in
serum T level of about 3.5 ng/dL per year (the so-called phenomenon of andropause) 317. A similar
decline has been described for circulating DHEA-S levels, from the second-third decade of life318.
To date, it is important to underline that the criteria for TD are not widely accepted. Previous
guidelines recommended to consider a TD when morning total T level drops below 300 mg/dL in two
or more occasions in presence of consistent symptoms and signs 319. Current guidelines suggest that
if the total T has been measured with an assay that has been certified by an accuracy-based
standardization or quality control program (e.g. Centres for Disease Control and Prevention (CDC))
clinicians can use as the lower reference range for total T in healthy, non-obese young men (aged 19
to 39 years) a value of 264 using the 2.5th percentile, or 303 using the 5th percentile (with a
preference for the first one value) 320. In patients whose serum TT concentrations are just above or
below the lower limit of normal (e.g., 200 to 400 ng/dL), clinicians should also measure free T. It is
important to underline that low T concentrations without symptoms or signs of TD do not establish
a diagnosis of hypogonadism. Diagnosing TD in the elderly is challenging due to the significant overlap
of signs and symptoms with those of normal aging. Epidemiological studies demonstrated that the
incidence of hypogonadal levels of testosterone in men is 20% in people 60 or older and 30% in 70
or older 321.Independent groups have showed that TD in older men is associated with an increased
risk of death 322,323 supporting the finding that low serum T levels might be used as a marker of poor
survival 322.
It has been demonstrated that the prevalence of TD in patients with CHF syndrome is about 25-30%
55,63,262,324-326

associated with an impairment of skeletal muscle function and cardiovascular

performance 196 and contributes to the negative outcome 234,327,328. In addition, decreased circulating

levels of DHEA-S are able to predict mortality in elderly

329

. Recently, Enina and colleagues

demonstrated that T levels could be useful as predictors of CRT response in male HF patients 330 .
TD has also been linked to the dysregulation of other metabolic profiles. The association between T
and the lipid profile is still a matter of debate but there is some evidence that T inhibits the evolution
of preadipocytes into mature adipocytes, thus reducing total fat mass and increasing net lean mass
228,229

. Current evidence suggest that metabolic effects of T on the regulation and on the expression

of lipid metabolism are tissue-specific with the final result of reduced fat deposition in sites such as
the arterial wall and the liver 230. However, testosterone improves IR; there is evidence that those
with low testosterone levels have an increased risk of metabolic syndrome and new onset type 2
diabetes 231,232.

Testosterone treatment
Taking into account the relationship between T and cardiovascular system, several studies have
investigated the role of T in the treatment of CHF 331 (see table 2).
Pugh et al conducted a study on 12 stable male patients

233

to assess the effects of T in HF. In

particular, using a pulmonary flotation catheter, central haemodynamics were measured over 6h
after administration of a single dose of T (60 mg orally) on two consecutive days. An increase in
cardiac output in the active arm was observed. Of note, effects were more evident in patients with a
lower baseline circulating T level and no side effects were reported.
This research continued with a double-blind, placebo-controlled trial, enrolling 20 male CHF patients
few years later 234. In this trial, the treatment group (100mg every 2 weeks for 12 weeks) displayed a
significant improvement in the 6 minute walking test (6MWT), in particular in the maximum distance,
and in quality of life, assessed by the Minnesota living with heart failure questionnaire (MLWHFQ).
The same group performed a further larger randomized, double-blind, placebo control study,
involving 76 CHF patients 235. In the active group (5 mg/day administered by an adhesive skin patch),
authors demonstrated a clinical improvement as testified by the decrease of at least one class of
NYHA class (30% of patients in treated arm vs 8 % in untreated). Even if T did not change LV
morphology or function, a significant improvement in cardiovascular performance was demonstrated
(i.e. shuttle walk distance). With regard to QT duration, despite in a previous report the same group
showed that T therapy was able to reduce QT duration

237

and these data were confirmed by a

subsequent study by an independent group 238, in this larger cohort no effects of T on QT duration
were observed.
Reassuringly, no significant effects were observed with regard to skeletal muscle bulk and strength,
weight, and other cardiovascular parameters (e.g. heart rate and blood pressure). In line with a
previous report 236 where different methods of T administration were tested (i.e. acute versus chronic
and either via transdermal patch or intramuscular injection) no differences were detected with
regard to circulating concentrations of cytokines (e.g. TNFα, IL-1β, and IL-6)42.
To further explore this, Miramadi et al

241

performed a double-blind, placebo-controlled trial,

involving 50 male patients. The treatment group received an intramuscular long-acting androgen
injection (1mL of T enanthate 250mg/mL) once every 4 weeks for 1, 5 months. They displayed a
significantly increased trend in the 6 minute walking distance and in quality of life scores.
However, recently Navarro-Penalver et al performed a prospective, randomized, double-blind,
placebo-controlled, and parallel-group trial comparing T with placebo in males with HFrEF and TD on
25 CHF patients 332. Their finding were not consistent with previous reports. Indeed, after 12 months
of long-acting intramuscular T administration, neither clinical symptoms (e.g. NYHA class, MLWHFQ
score), functional capacity (e.g. 6-minute walk test, LVEF) nor other secondary parameters (NT-pro
BNP levels, lipid profile, BMI) were observed to improve. With regard to safety, the prostate specific
antigen (PSA) levels did not change, and no other adverse side effects were observed.
In the elderly para-physiological decrease of skeletal muscle strength, resulting in early fatigue and
reduced exercise tolerance is well known

239,240

. With this in mind, Caminiti et al

195

performed a

double-blind, randomized, placebo-controlled study focused on elderly patients with stable CHF
(median age 70 years). In this trial, the authors demonstrated that T treatment (12 weeks with very
long acting intramuscular 1000 mg testosterone undecanoate) improved functional exercise capacity
and muscle strength. Of note, peak VO2 and index of muscular strength (e.g. peak torque and
quadriceps maximal intentional contraction) improved in the active group whereas no effects were
observed in the placebo group. Glucose tolerance (expressed as HOMA-IR) and baroreflex sensitivity
also showed a significant improvement.
The role of exercise rehabilitation in HF is recognised worldwide 333. Stout et al 242 investigated the
effect of T supplementation when added to a program of exercise rehabilitation. In this report, 28
male patients with CHF and low T status (defined as <432 ng/dL), were randomly allocated to exercise
with T or exercise with placebo. T treatment (an intramuscular (gluteal) injection of 100 mg
testosterone/mL once a fortnight for 12 weeks) induced positive changes of TD symptoms, with

improvements in aerobic fitness, leg strength, and depression. These effects were not observed in
the placebo group. Following this, an interesting study by dos Santos and colleagues 243 investigating
male patients with advanced CHF (NYHA class III) and TD were randomized to 3 arms: cycloergometer
training, T (intramuscular injection of T undecylate), or both. The authors not only confirmed
beneficial effects of T when added to an exercise training in patients with CHF, but also supported
the concept that is the peripheral action of T the main reason for the improvement in cardiovascular
performance, providing novel information about the effects of the combined therapies on total body
composition, cardiovascular performance, hormonal status, and quality of life.
Current cardiovascular research asks how and whether sex and gender differences are able to modify
outcomes

82,179,244-246,334

. The effect of T treatment was investigated in 36 female patients treated

with testosterone (300 mg, patch transdermal, twice per week). In this study, an improvement in
6MWT distance and in peak VO2 consumption were observed, with a positive effect on metabolic
parameters (e.g. insulin resistance) 196. A separate study of female patients demonstrated a direct
effect of T in the ventricular repolarization in vivo (a shortening effect) 238.
Meta-analysis performed by Toma and colleagues

247

demonstrated that T supplementation in

patients with CHF is associated with a clinically significant improvement in the cardiovascular
performance, expressed as 6MWT distance, VO2 peak, and NYHA class. Of note, this improvement
was superior when compared to the effect of other CHF treatment strategies (e.g. beta blockers and
ACE inhibitors).
Few years later, Wang at al performed a meta-analysis including 8 trials 308. Authors showed that T
treatment improved significantly exercise capacity (6MWT and shuttle distance), muscle strength,
and electrocardiogram indicators (i.e. decreased Q-T intervals) but did not significantly change EF,
NT-proBNP, clinical parameter (i.e. blood pressure and heart rate), and Inflammatory markers (i.e.
TNF-α, high-sensitivity C-reactive protein and IL-6).
Side effects
None of the trials for T replacement showed safety concerns. No major events were reported
associated to the treatment 247,308 and there were no significant changes in prostate specific antigen
assays. Skin reactions were described in the studies using topical T but were transient and not severe.
Testosterone treatment could be considered safe in HF.
Clinical perspectives

A growing body of evidence led to the hypothesis that CHF could be considered as a Multiple
Hormone Deficiency Syndrome (MHDS). It has been demonstrated that deficiencies in the main

anabolic axes cannot be considered as mere epiphenomena, and are very common in HF, with a clear
association with poor cardiovascular performance and outcomes. Among these, GHD and TD play a
pivotal role and the replacement treatment is an innovative therapy that should be considered in
CHF. A prospective multicenter clinical registry: The T.O.S.C.A (Trattamento Ormonale nello
Scompenso CArdiaco) will investigate this issue 181,185.
Several points need further discussion. First, it is important to underline that, to date, different
patient populations and different routes and dosage of hormone replacement treatment have been
tested. Second, all studies only involved patients with reduced EF and no data is available regarding
patients with mildly reduced or preserved EF. Thirdly, due to the short-term nature of most trials,
there is a paucity of data regarding strong end-points (e.g. mortality and/or hospitalization).
With regard to GHD, the latest American Heart Association (AHA) statement on management of
dilated cardiomyopathies

307

recommends, with a strong level of consensus, that GHD should be

investigated in patients with DCM when other signs and/or symptoms of this clinical disorders are
present (Level of Evidence C). They recommend that treatment of the primary disorder be given to
all patients with coexisting DCM.
Another consideration is that basal T status (i.e. TD) was used in only a few studies as a parameter of
enrolment. Recently, in the context of HD in CHF

52,82,185,248,249

, the idea that hormone treatment

should be used only when a deficit of the axis of interest is diagnosed rather than in all patients,
represents a paradigm shift and has improved the overall outcome. To date, this represents the most
promising question in this field 64,65,67,184. With this in mind, a flowchart to manage the GHD in CHF
patients has been developed and suggested for clinical use 315.
Conclusions

The use of GH and T in the treatment of CHF is promising and in need of further review. Considering
all the literature and the authors’ own experiences, some suggestion can be considered:
(I)

GH status and T status should be investigated in all CHF patients, in particular in who
displays signs and/or symptoms of these conditions

(II)

GH and T should be administered only in those patients with an impairment of GH/IGF-1
status, e.g. GHD, or androgens, i.e. TD, as a replacement therapy

(III)

An individualized dose titration of GH and T should be considered for each patient
depending on clinical and neuro-hormonal response.

Considering this high frequency of multiple HD in CHF, no data is available regarding combined
hormone treatment. This is important, considering that these two treatments seem to exert different
action on cardiovascular system, being GH more effective on central pathophysiological mechanisms
and T more effective on the peripheral mechanisms (figure 1).

Table 1. Summary of studies on growth hormone treatment in heart failure
First author
(year)

Fazio S, 1996

Sample
size

Baseline
NYHA
Class
(mean)

Growth
hormone
status

Growth hormone
supplementation

Type of
trial

Trial duration

Male
(71)
Female
(29)

46

2.7± 0.2

NA

4 IU every other day sc

3 months
treatment
and 3 months
after

5

Male
(25)
Female
(75)
Male
(64)
Female
(36)
Male
(86)
Female
(14

28

NR

NA

4 IU daily im

3 months

60

3 ± 0.5

NA

0.1 IU/kg/wk for 1 week,
thereafter 0.25 IU/kg/week

R, DB,
PC

3 months

54

2.3 ±0.6

NA

R, DB,
PC

3 months

289

Isgaard J, 1998

Mean age
(years)

7

288

Frustaci A, 1996

Gender

22

290

Osterziel KJ,
1998 291,296

50

Gent-Zotz S,
1999 292

7

Male

55

2.4 ± 0.5

NA

0.5 IU or placebo daily, sc.
Dosage increased every
second day by 0.5 IU until
a final dose of 2 IU daily
was reached
2 IU daily sc

Jose VJ , 1999

6

NA

nr

3.4 ± 0.5

NA

2 IU every other day sc

Spallarossa P,
1999 293

20

Male

62

2.7 ± 0.4

NA

0.0006 IU/kg daily sc.
Gradual increase until 0.02
IU/kg/ daily

R, PC

3 months
treatment
and 3 months
after
6 months
treatment
and 6 months
after
6 months

Smit JW, 2001

19

Male
(85)
Female
(15)
Male
(75)
Female
(25)
Male
(90)
Female
(10)
Male
(67)
Female
(33)

65

2.5 ± 0.7

NA

R, C

6 months

54

2.25 ± 0.4

NA

Start 0.5 IU daily sc
Dosage increased to 1.0
IU/ day after 2 weeks and
to 2.0 IU/day final dose
4 IU every other day sc

R, DB,
PC

3 months

57

3

NA

0.035 IU/Kg daily sc

R, DB,
PC

2 months

50

3

NA

4 IU every other day

R

3 months
treatment
and 3 months
after

Male
(69)
Female
(31)
Male
(72)
Female
(28)

55

2.45 ± 0.5

NA

4 IU every other day

R, DB,
PC

3 months

62

2.6 ± 0.7

GHD

0.012 mg/kg every other
day

R, SB, C

6 months

Male
(84)
Female
(16)

62

2.7 ± 0.1

GHD

0.012 mg/kg every other
day

R, SB, C

48 months

294

295,300

Napoli R, 2002

16

297

Acevedo M,
2003 299

19

Adamopoulos S,

12

2003
298

Fazio S, 2007 311

22

Cittadini A,

56

2009 64
Cittadini A,
2013 65

31

IU: International Unit; sc: subcutaneous; NYHA: New York Heart Association; NR: not reported; NA: not assessed; R:
randomized; SB: single blind; DB: double blind; PC: placebo-controlled; C: controlled

Table 2. Summary of studies on testosterone treatment in heart failure
First author, year

Sample
Size (n)

Gender
(%)

Mean
age
(years)

Baseline
NYHA
Class
(mean±ds)

Testosterone
deficiency

Pugh PJ , 2003

12

Male

NR

NR

NR

60 mg orally
day one and day 2

R, DB, PC

2 days

Malkin CJ, 2003

20

Male

61.5

2.5±0.5

NR

Sustanon 100mg
IM every 2 weeks

R, DB, PC

12
weeks

Pugh PJ, 2004 234

20

Male

62

NR

NR

R, DB, PC

Malkin CJ, 2006

76

Male

64

2.46±0.6

NR

Sustanon 100 mg
IM every 2 weeks
Androderm 5 mg
every 24 hours

12
weeks
12
months

Caminiti G, 2009

70

Male

70

2.46±0.5

NR

R, DB, PC

12
weeks

Iellamo F, 2010

32

Female

68.7

3±0

NR

Long-acting
testosterone
undecanoate
(Nebido) IM at
0, 6, 12 week
Transdermal
testosterone

R, DB, PC

6
months

Schwartz JB,
2011

84

Male
(69%)
and
Female
(31%)

70.35

NR

NR

R, DB, PC

12
weeks

Stout M, 2012 242

41

Male

67.2

2.5±0.5

R, DB, PC

12
weeks

Mirdamadi A,
2014

50

Male

60

2.38±0.57

low
testosterone
status
NR

Male: long-acting
testosterone
undecanoate 1000
mg IM at
0, 6, 12 week.
Female:
transdermal
testosterone
33 mcg (Intrinsa)
Sustanon 100 mg
IM every 2 weeks

R, DB, PC

12
weeks

Dos Santos MR,
2016

39

Male

51

3

Testosterone
deficiency

R

48
weeks

NavarroPenalver, 2018

29

Male

64.5

2.3±0.47

Testosterone
deficiency

Long-acting
testosterone
enanthate
250 mg IM every 4
weeks
Long acting
testosterone
undecylate
IM
long-acting
undecanoate
testosterone
1000mg,
IM at 0 and then
every 3 months

R, DB, PC

12
months

233

237

235

195

196

238

241

243

332

Testosterone
supplementation

Type of
trial

R, DB, PC

R: randomized; DB: double blind; PC: placebo-controlled; NR: not reported; sc: subcutaneous; IM:
intramuscular

Trial
duration

3.3.4 Salzano A, Marra AM, Arcopinto M, D'Assante R, Triggiani V, Coscioni E, Pasquali D, Rengo G,
Suzuki T, Bossone E, Cittadini A. Combined effect of growth hormone and testosterone
replacement treatment in heart failure. A hypothesis generating pilot study ESC Heart Fail.
2019 Nov 7. doi: 10.1002/ehf2.12520. PMID: 31696666

Background

Growing evidence suggests that multiple hormone deficiencies (MHD) are common in heart
failure (HF) patients and are related to impaired cardiovascular performance and poor outcome 48,5355,61,63

. Preliminary clinical trials of single hormone replacement therapy to treat growth hormone

deficiency (GHD)

64,65,335

or testosterone deficiency (TD)

195,234,235

have reported promising results,

showing both safety and effectiveness in HF patients.
Notably, although MHD syndrome affects at least one third of the HF population 53,55,63, no
data are available so far dwelling upon combined GH and T treatment in HF patients. This information
is of great relevance since both GH and T are endowed with potential adverse effects.
Aims

The aim of the current hypothesis generating pilot study was to assess the effects of combined
correction of MHD on cardiovascular performance and clinical status in HF patients with reduced
ejection fraction (HFrEF). Thus, we have investigated for the first time the effectiveness and safety of
combined GH and T replacement therapy in the clinical setting of stable chronic HF.
Methods

Five stable chronic HFrEF patients (New York Heart Association - NYHA classes II to III), a subgroup of the control cohort of a previous protocol (NCT01576861) 64,65, with the diagnosis of both
GHD, using the growth hormone releasing hormone (GHRH) plus arginine stimulation test, and TD,
according to published guidelines

266,320

, underwent 1 year of GH replacement therapy to correct

GHD by subcutaneous injections of somatotropin (recombinant DNA origin) (Saizen©, Merck-Serono
International, Geneva, Switzerland) at a dose of 0.012 mg/kg every second day, on top of guideline
based HF therapy 1. After 12 months, because of the presence of signs and symptoms of TD, patients
were evaluated eligible to add T replacement treatment (intramuscular testosterone undecanoate,
Nebid©, Bayer, Germany) at a dosage of 1000 mg every 3 months. Due to the lack of data regarding
safety of combined treatments, in order to minimize potential side effects (e.g. water retention,

peripheral oedema) GH and T administration was not started simultaneously. Of note, this strategy
allowed us to better characterize additional or synergistic actions of both hormones.
Each patient underwent a complete M-mode, 2-dimensional and Doppler echocardiographic
examination, and an incremental symptom-limited cardiopulmonary exercise test (CPET) on a bicycle
ergometer at baseline (BL), after 1 year of GH treatment (V1), and after 1 year of combined GH + T
treatments (V2). Samples collection and all procedures performed at baseline were repeated
annually, while intermediate visits (each 6 months) included clinical assessment and record of clinical
events. Patients were treated with evidence-based therapies (beta-blockers, ACE/ARBs, and MRA) at
a targeted dose

1

from at least three months before the start of hormone deficiencies (HD)

replacement therapy in order to minimise possible confounding effects.
Normally distributed continuous variables were expressed as mean ± Standard Deviation (SD),
whereas continuous data with skew distributions were expressed as median and interquartile range
[IQR]. Categorical variables were expressed as counts and percentages. The distribution of the
parameters was tested with Kolmogorov-Smirnov test. The intergroup differences were tested with
the one-way ANOVA, with Bonferroni correction as appropriate. Normally distributed parameters
were compared between two groups using the t test paired sample test. Non-normally distributed
parameters were compared between two groups using Mann-Whitney U-Test. P values <0.05 were
deemed statistically significant. All data were analysed using IBM SPSS Statistics (v24, IBM Corp.,
Armonk, NY, USA).
Results

Baseline characteristics of enrolled patients are depicted in Table 1. One-year of GH treatment
resulted in a significant increase in left ventricular (LV) ejection fraction (EF) of 5.4% and in VO2 peak
of 19.3% (approximately 1.8% and 3.4 ml/min/kg respectively), paralleled by a non-significant trend
in decreasing VE/VCO2 slope (about 7.6% corresponding to 2.2 ml/min/kg) (Table 2). Consistently, a
statistically significant reduction in NT-pro BNP levels of 35% and a significant improvement in NYHA
functional class were observed. A small increase in HOMA-IR was detected (although not statistically
significant). No relevant effects were observed with regard to body mass index and handgrip
performance. With the addition of T replacement therapy for an additional year, cardiopulmonary
and skeletal muscle performance improved, while no effect was detected on LV structure. Notably,
EF significantly increased of an additional 12% (final delta change: +18%, p<0.01) while VO2 peak
significantly increased by an average of 5.84 ml/min/kg, (+ 27.7%, final delta change from baseline

52.4%, p<0.01). A 17.5% improvement in handgrip performance was equally observed (final delta
change of 25.8%, p<0.01). All these results were paralleled by a striking improvement in NYHA class
and reduction in NT-pro BNP levels (p<0.01) (Figure 1). As expected, total testosterone (TT) and sex
hormone binding globulin (SHBG) levels, that remained substantially stable during the first phase of
the study, changed following T treatment. In particular, TT increased whereas SHBG decreased
(respectively +132.9% and – 40.1%), resulting in a significant increase in free T and bioavailable T
(+261.5% and +308.3% respectively). HF treatment dosages, (all patients were treated with evidencebased therapies - beta-blockers, ACE/ARBs, and MRA- at a targeted dose from at least three months
before baseline) remained stable (expressed as >75% of the targeted dose) during the study period,
as well as non-pharmacological approaches (e.g. diet). No patients received anticoagulant drugs.
Adverse effects were reported neither during GH alone (e.g. fluid retention, hypertension,
paraesthesia, joint stiffness, peripheral oedema, arthralgia, myalgia, and carpal tunnel syndrome) nor
during combined therapy (GH+T). Following T treatment, no significant changes were observed with
regard to prostatic specific antigen and haematocrit. One patient during GH treatment and 1 patient
during the GH+T treatment had a self-limiting flu-like syndrome, that did not require any medical
intervention and were not related to drug administration. Finally, no major adverse cardiovascular
events occurred during the study period.
Conclusions

The current hypothesis generating pilot study suggests that combined hormone replacement
therapy yields overall beneficial effects on a wide array of cardiovascular parameters. Consistently
with previous findings related to GH or T treatment 247,304,305,315,336, in our population GH appears to
improve mostly LV architecture and function (as mainly demonstrated by the EF improvement)
65,304,305

, while testosterone therapy results in ameliorated skeletal muscle performance, possibly due

to peripheral vasodilation and improvement in oxygen delivery to skeletal muscle, and slightly
reduction in insulin resistance 195,247,308. Of note, after the 2 years follow-up, no drug-related adverse
effects were observed suggesting that both GH and T treatment are safe, even if combined, as
previously showed in healthy individuals

337-339

. Finally, no major adverse cardiovascular events

occurred during the study.
The present finding is in line with the notion that HD can be considered as a novel, safe, and
promising therapeutic target in HF 49,67. In this regard, the American Heart Association recommends
to test for GHD in patients with dilated cardiomyopathy who have signs and symptoms of GHD 340,

and the eventual presence of the primary deficit in GH levels should be appropriately treated (namely
GH Cardiomyopathy)

340

. Most recent European guidelines considered T therapy as a possible

treatment for cachexia and sarcopenia in combination with nutritional supplements 1.
There are several limitations of the current study. First, it involved only a small group of
patients enrolled from a single centre. Second, the lack of a placebo arm. Further, it has not been
designed to provide mechanistic explanation of the observed phenomena. Finally, it is not possible
to clearly discriminate the effects of the two treatments on each different variable. All these
limitations are related to the design of the protocol, and further investigations in more robust
randomized clinical trial studies are needed. However, the strength of the present report is to be the
first that investigated the effects of combined GHD and TD replacement therapy in HF. Thus, these
promising preliminary results could be viewed as a background for the implementation of more
robust clinical trials.
In conclusion, despite several limitations, data from this hypothesis generating pilot study
support the idea that the combination of GH and T replacement therapy in the treatment of
concomitant HD seems to have beneficial effect on the cardiovascular performance in HF patients.
However, further studies on larger populations and with a more robust study design are needed.

4. Chapter 4. The gut axis involvement in Heart Failure

A key model of interest and one of recent attention, is the association between HF and the
gastrointestinal (GI) system 38, the so-called “gut hypothesis” 68. In HF, it is well established that the
presence of bowel hypo-perfusion, derived from reduced cardiac output, leads to mucosal ischemia
that can increase bowel wall permeability and bacterial translocation. This bacterial translocation,
through endotoxin production, is considered an important stimulus for elevated cytokine levels 341,
which is associated with impaired cardiovascular performance and poor prognosis 42. On the other
hand, chronic bowel congestion causes oedema of the gastrointestinal tract, affecting the functions
of the intestinal mucosa

342

; further, many other factors that may alter the gut flora (e.g. acute

changes of fluid balance, acid/base disturbance, gastrointestinal dysmotility, and nutrient
deprivation) are very common in HF, and might result in bacterial overgrowth or translocation. In this
context, growing evidence suggests that one of the more prominent molecules associated with the
link between HF and the gut is the choline and carnitine metabolic by-product, trimethylamine Noxide (TMAO); produced by the gut microbiota from the precursor trimethylamine (TMA), with
subsequent oxidation via the liver enzyme, flavin containing monooxygenase 3 (FMO3) 74,343,344.
In recent years, TMAO has been shown to be a strong prognostic biomarker in both acute

70

and

stable chronic HF 69,72,73,345,346. Furthermore, the magnitude of cardiovascular impairment and poor
prognosis have been associated with the circulating levels of TMAO.

4.1 Salzano A, Cassambai S, Yazaky Y, Israr ZI, Wong M, Suzuki T. The gut axis involvement in heart

failure. Focus on Trimethylamine N-oxide Heart Fail Clin 2020 Jan;16(1):23-31. doi:
10.1016/j.hfc.2019.08.001.PMID: 31735312
Role of TMAO in the pathophysiology of heart failure

TMAO metabolism
Trimethylamine N-oxide (TMAO), a gut microbiota mediated metabolite, is derived from the
metabolism of choline and carnitine into trimethylamine (TMA). TMAO is thought to be the ‘missing’
link between the consumption of a ‘Western diet’ and cardiovascular disease risk

347

. Intestinal

bacteria are implicated in the production of the precursor to TMAO, trimethylamine (TMA), through
the anaerobic metabolism of choline and L-carnitine, derived largely from eggs and red meat as well
as other sources (Figure 1). TMA lyase is the bacterial enzyme responsible for the generation of TMA,
via cutC/cutD and cntA/cntB genes for choline and L-carnitine respectively 348. The oxidation of TMA
to TMAO occurs via the human liver enzyme, flavin containing mono-oxygenase 3 (FMO3) 349, which
is involved in the detoxification of xenobiotics 350. In healthy humans, TMAO is rapidly cleared from
the body via urine

351

and is largely considered as a waste product of choline metabolism

352

.

Therefore, renal function can significantly affect TMAO levels. However, individuals with FMO3
deficiency, have an accumulation of the toxic TMA, which is associated with a characteristic fishy
body odour, known as trimethlyaminuria (TMAU). Consequently, TMAU sufferers are advised to limit
the choline, lecithin, and carnitine consumption in their diet to ensure reduced levels of TMA
production 353.
TMAO itself has a protective functional role in antagonising the destabilising effect of urea on
proteins

354

, particularly in saltwater fish and crustaceans

353

. Although TMAO is mainly excreted

through urine in humans, a study investigating the direct effects of TMAO on pathological protein
folding, found a stabilising chaperone effect whereby mutant protein folding such as with the cystic
fibrosis transmembrane conductance regulatory (CFTR) protein, was rescued

355,356

. Whilst the

protein stabilising effects associated with TMAO have been well known, TMAO has been shown to
directly impact atherosclerotic plaque formation, reduce ventricular function in HF and induce renal
fibrosis within in vivo and in vitro models 347,357. These observations have been linked to an association
with increased cardiovascular risk; population based studies within acute HF and acute myocardial
infarction patients 70,358 have found elevated circulating levels of TMAO to be correlated with death
and hospitalisation.

However, literature regarding the association of TMAO with cardiovascular disease is widely debated.
Certain fish are known to have high levels of TMAO, yet the consumption of fish has been linked to
cardioprotective effects due to omega-3 fatty acids

359,360

, with no mention of the involvement of

TMAO. Studies have also shown that the most significant increase in plasma TMAO levels is observed
following the consumption of fish, compared to other sources of protein 361. These studies highlight
the discrepancies regarding the effect of TMAO in situ, yet studies focusing on mechanistic
investigations have previously shown that TMAO is causal of atherosclerosis, platelet hyper-reactivity
and cardiac fibrosis in a murine model of chronic HF 362, therefore associating a direct link between
TMAO and the propagation of cardiovascular risk factors.
TMAO and diet
Plasma TMAO levels are determined by factors including diet. Excessive consumption of dietary
sugars and saturated fats, known as the Western diet, has been linked with obesity, metabolic
syndrome and impairment in cardiac function. The consumption of a Western diet has been shown
to alter the gut microbiota composition, with decreased levels of Bacteroidetes and Bifidobacteria
and increased levels of Firmicutes and Proteobacteria; the altered composition is thought to
influence TMAO synthesis 363. Studies have demonstrated the consumption of a Western diet leads
to increased circulating TMAO levels in the blood

364

and cardiovascular disease risk

347

. A recent

study showed Western diet-induced obese mice displayed impaired cardiac systolic and diastolic
dysfunction, which following voluntary exercise resulted in slight decreases in weight gain and
metabolic disorders, but completely prevented cardiac dysfunction. The results from this study
suggest the cardioprotective effects of voluntary exercise in Western diet-induced obesity can be
terminated via TMAO supplementation 365.
Protein-rich diets seem to have a positive correlation with TMAO excretion in the urine

366

. Large

amounts of non-digestible carbohydrates can reduce TMAO formation by remodelling the gut
microbiota, however studies have also shown that TMAO levels increase in the short term

367,368

.

Nonetheless, the Western-diet, consisting mainly of red meat, is considered to be the major influence
between TMAO levels and cardiovascular disease risk 369.
TMAO in preclinical models of HF
The recent interest in the intestinal microbiota has sparked the discussion of novel approaches to
therapeutic medicine; dysbiosis of the gut microbiota has been associated with diseases such as
obesity and atherosclerosis 370,371, therefore implicating the gut microbiota as a potential therapeutic

target. Studies in humans and animal models have shown the correlation of cardiovascular disease
adverse events and increased levels of TMAO 70,347,357,358,372,373. Despite the debated role of TMAO, it
is clear from clinical and pre-clinical studies, that the gut microbiota is involved in facilitating the
changes associated with diseases such as HF. Animal models of diet-induced obesity and pressure
overload-induced heart failure have demonstrated a role for TMAO in accelerating cardiovascular risk
such as renal dysfunction or atherosclerotic lesions 372,374. Moreover, studies that have used animal
models of myocardial infarction and a humanised microbiome have demonstrated that targeting the
gut microbiota leads to attenuation of myocardial hypertrophy and HF 375, as well as reduced TMAO
levels 376.
Several methods of targeting TMAO have been explored in a bid to identify the role of TMAO in
cardiovascular disease risk, including inhibition of TMA lyases

348

, and the use of faecal

transplantation and probiotics to repopulate the intestinal flora 364,376. However, these interventions
have shown mixed results with animal models extrapolated into clinical settings or healthy
volunteers. Additionally, there have been no studies to date, which show that lowering TMAO has
any beneficial effect on ‘heart health’. Whilst many studies indicate a correlative relationship, there
are few studies that look at the mechanistic approach for interventions in the case of TMAO and
cardiovascular risk. This leaves the mechanistic implications of pathogenesis largely unclear 377, which
also limits successful intervention. Several studies have failed to show an intervention consistently
capable of lowering TMAO 364,378. In addition, whilst some methods to reduce TMAO, such as faecal
transplantation show promise in animals and in vitro models, these have not been translated into
human successfully, therefore highlighting the challenges that present when extrapolating
experimental studies. However, it is clear that there is a role for the gut microbiota in heart health,
which can be exploited for therapeutic purposes, and therefore on-going research is necessary to
determine how the modulation of the gut microbiome may lead to improved cardiovascular health,
with more research necessary in clinical settings.
TMAO in Heart Failure

Acute heart failure
To date, only one study has investigated the role of TMAO in acute HF patients 70. In 972 acute HF
patients, our group showed that individuals with higher TMAO levels were more likely to be older,
have reduced renal function, decreased heart rate, blood pressure and haemoglobin levels, increased
levels of NT-proBNP and potassium, and reduced left ventricular ejection fraction. With regard to

comorbidities, more patients in the higher TMAO group had diabetes or previous HF and evidence of
atrial fibrillation. The clinical status of these patients was the poorest, with more patients in New York
Heart Association (NYHA) class IV in the higher TMAO group. When clinical parameters associated
with TMAO levels were investigated, TMAO was significantly and positively correlated to age, blood
urea, serum creatinine and NT-proBNP, whereas a negative correlation was found with estimated
glomerular filtration (eGFR), systolic blood pressure, and heart rate. Age, blood urea, and eGFR were
the most significant independent predictors of TMAO levels, with a minor role for diabetes, smoking
status, atrial fibrillation, and NYHA class.
With regard to prediction of outcomes, TMAO was a univariate predictor in a composite of death and
hospitalisation due to HF at 1 year and of death at 1 year. Particularly, TMAO was predictive in a
multivariate model with predictors such as age, NT-proBNP and NYHA class. However, for both
endpoints, when renal function (eGFR and urea) were included, TMAO was no longer predictive of
outcomes. With regard to in-hospital mortality, TMAO was able to improve the risk stratification in
combination with clinical scores (i.e. ADHERE, OPTIMIZE-HF, and GWTG-HF), even when renal indices
are included.
Notably, TMAO strengthened the prediction of the composite endpoint when combined with NTproBNP. Indeed, patients with both markers elevated were at the highest risk of death/HF. This is not
surprising, given these markers reflect two different pathways, and further support the hypothesis
that a combination of biomarkers involved in different pathways could be the key point in the
utilisation and interpretation of biomarkers within cardiovascular disease 8,379.
Chronic heart failure
Chronic heart failure (CHF) has been investigated more thoroughly in the context of TMAO. The first
investigation of TMAO in chronic HF was performed a few years ago 73; it demonstrated for the first
time that TMAO levels were significantly higher in HF than in healthy subjects. In a cohort of 720
stable CHF patients, authors demonstrated an association between elevated TMAO levels and poor
outcome in HF. In particular, patients with higher TMAO levels tended to be older, with a greater
prevalence of diabetes mellitus (DM) and renal insufficiency. Furthermore, BNP values were higher
in this category of patients and TMAO levels were significantly correlated with BNP levels and eGFR.
With regard to mortality, TMAO stratified by quartiles showed a graded increase in mortality risk at
5 years. No differences were found when patients were stratified with regard to aetiology of HF, age,
presence of DM, sex or smoking habits. Finally, even when corrected for eGFR, high sensitivity C-

reactive protein, and BNP levels, patients in the highest TMAO quartile remained at a significantly
higher risk of mortality.
In a second study performed by the same group 345, high TMAO as well as choline and betaine
(two substrates in the formation of TMAO, see figure 1) were associated with higher NT-proBNP
levels and more advanced left ventricular diastolic dysfunction. Notably, levels of these metabolites
were not related to systolic function, nor inflammatory or endothelial damage injury biomarkers.
However, despite the association of all three metabolites with increased risk for 5-year adverse
clinical events (death/transplantation), only TMAO remained independently associated when
corrected for age, renal function, NT-proBNP levels, and echocardiographic parameters of diastolic
dysfunction. Therefore, TMAO demonstrated a stronger prognostic value when compared to choline
and betaine.
Another investigation conducted on TMAO, choline, and betaine in a cohort of 155 patients
with HF, 100 patients with coronary artery disease (CAD), and 33 healthy matched individuals

69

showed HF patients with the highest levels of these metabolites when compared to the other groups.
All three markers were associated with NYHA class, NT-proBNP, and inversely associated with eGFR
and were significantly related to pulmonary pressure (estimated with right-sized catheterisation).
Furthermore, TMAO was associated with previous diagnosis of ischemic disease and with age.
Amongst the HF patients, TMAO levels tended to be higher in patients with a diagnosis of CAD,
independent of several confounding factors (e.g. age, eGFR, CRP, NT-proBNP). Interestingly, the
association of TMAO levels with echocardiographic markers of diastolic dysfunction were not
confirmed in this study. For mortality, TMAO levels but not choline or betaine were associated with
poor prognosis, with approximately half of the cases in the upper tertile resulting in death or heart
transplantation. However, when adjusted for multiple confounders (e.g. eGFR, CRP, NT-proBNP), this
association was no longer significant.
Recently, our group has demonstrated using the BIOSTAT-CHF cohort 203,380, that TMAO levels
are associated with adverse outcome (mortality and mortality/HF) 346. For the first time the response
of circulating TMAO levels to treatment and its associations with outcome were investigated. We
found that contrary to natriuretic peptides, TMAO levels did not respond to guideline treatment. In
addition, patients with sustained elevated levels of TMAO had the worst outcome. In particular, low
TMAO levels at either baseline and/or follow up were associated with better prognosis. TMAO levels

remained associated with outcomes even when adjusted for BIOSTAT risk models, which includes
age, blood urea, BNP, and other biochemical biomarkers and comorbidities.
In the LURIC-study, TMAO levels and association with outcome was compared among HFrEF
and HFpEF

72

. In particular, TMAO was significantly associated with outcome in HFrEF but not in

HFpEF when adjusted for several factors, including age, sex, eGFR and DM. Notably, TMAO was more
predictive in patients without DM and in patients with the lowest tertile of eGFR. In addition, TMAO
showed a predictive value above and beyond NT-proBNP within this cohort, as NT-proBNP levels lose
significance when adjusted for C-reactive protein.
Finally, in a small single-centre study, TMAO levels were assessed for the first time in a nonCaucasian population, confirming that TMAO levels were elevated in HF patients when compared to
controls subjects 381. Additionally, TMAO levels were related to the gut microbiome composition, in
particular with the abundance of the Escherichia/Shigella genus.
Clinical context and future perspectives

Overall, the data from published studies show a positive association between TMAO levels and
prognosis in HF (see Table 1), as explicated in a recent meta-analysis

382

. This observation is not

surprising, given that high concentrations of TMAO are associated with increased risk of
cardiovascular events and all-cause mortality, with a dose-dependent relationship 382. In particular,
the association of TMAO with outcomes are strongest in patients with coronary artery disease, and
this could be linked with the proposed pro-atherogenic role of TMAO.
However, some points remain a matter of debate. Firstly, it is not possible to conclude
whether high TMAO levels are causative of the increased risk of poor outcome in HF patients, or if
the HF causes the increase in TMAO levels and this is associated with poor prognosis. Whilst these
effects are correlative, several studies have suggested a mechanistic link between myocardial
function and altered intestinal microbiota

38,68

, which may underlie the association with poor

outcome. The relationship between TMAO and left ventricular systolic function is unknown, however
diastolic dysfunction has been observed 345, suggesting a stronger link with cardiac congestion rather
than with impaired perfusion. This association may be explained by the intestinal congestion
observed within patients with more severe HF, resulting in alterations of the microbiota composition,
with subsequent impact on TMAO levels. Another issue not yet clarified is whether TMAO has the
same role in HFrEF and in HFpEF. Indeed, only one study has tested the association of TMAO in HFrEF
and HFpEF 72, and further research is needed to clarify the association of TMAO in these conditions.

The role of diet and kidney function are also highly debated regarding the association of
TMAO with HF. Indeed, some reports showed attenuated association of TMAO levels with outcomes
after adjustment for confounders

69,70

. In contrast, in other HF populations, TMAO levels were

reported to be associated with mortality even after adjustment for renal function 73,345,346. With this
regard, a recent meta-analysis demonstrated significant differences in the relationship between
TMAO and all-cause mortality in patients with and without chronic kidney disease

382

, showing no

significant difference between the two groups.
In addition, considering that TMAO levels were shown not to be affected by traditional
guideline-HF treatment

346

, this presents a novel field of research for investigation, whereby

modification of the gut microbiota could be a novel therapeutic approach, and to date there are no
large scale trials which have been conducted to test this hypothesis.
TMAO and HF: unmet needs
On the basis of data present in the literature, there are several limitations with regard to our
knowledge about TMAO in HF. In brief:
•

Largely, the data obtained from these studies represent single ethnic groups, mainly
Caucasian patients. Few studies are representative of other ethnic groups, and therefore
drawing generalised conclusions based on a single ethnicity is misrepresentative.

•

To date, it is not clearly understood whether HF affects TMAO levels or if TMAO is involved
in the pathophysiology of HF.

•

The role of confounding factors does not have a consensus amongst the literature and studies
presented, therefore the interplay of several factors such as eGFR, age, and sex need to be
clearly addressed concerning TMAO.

•

All observations deriving from HF studies has limited or no data about the dietary condition
of patients.

•

There are no studies investigating pharmacological intervention on TMAO levels in HF.

•

There is no clear evidence to suggest that lowering TMAO levels in patients shows better
prognosis.

•

It is not clear whether TMAO has an association with mortality in HFpEF.

In our opinion, these points need to be addressed in future research, in order to gain a full
understanding of the role of TMAO in HF.

Conclusions

In conclusion, TMAO levels are increased in HF populations when compared to healthy subjects.
Higher TMAO levels are associated with poor prognosis, whereas low TMAO levels either at
baseline/follow up confer better prognosis. In order to draw appropriate conclusions regarding the
role of TMAO in HF, additional studies are needed to address the current limitations highlighted.
Interestingly, the finding that TMAO levels seem not be affected by guideline-HF treatment, may shed
light upon TMAO as a novel and independent therapeutic target for HF, that requires specific
treatment.

Figure 1. A schematic depicting the multiple pathways and metabolites associated with the
production of TMAO in humans. Orange box – sources of TMAO, blue arrow – key pathways of
TMAO metabolism, black box – metabolites with associated cardiovascular or noxious properties.
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Table 1. Previous reports for associations between TMAO and outcome in heart failure patients.

TMAO levels
(µmol/L)
5.0 [3.0-8.5]

5.8 [3.6-12.1]
13.5 ± 18.5
(CAD)
7.1 ± 5.6 (DCM)
5.6 [3.4-10.5]
4.7 [3.4-6.8]
(HFrEF)
4.7 [3.2-6.9]
(HFpEF)
5.9 [3.6-10.8]
7.4 [4.1-13.6]
NW
4.6 [2.9-7.5] CE
6.2 [3.6-11.5] S
8.4 [3.7-13.8]
HFrEF
6.6 [4.3-12.3]
HFpEF
17.3 ± 11.7
(Decomp)
17.7 ± 12.6
(Comp)
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The human gut microbiota encompasses the collection of bacteria, archaea, and eukarya
colonising the gastrointestinal tract to form an intricate and life-long relationship 383. By numerical
standards, the number of microorganisms colonising the gastrointestinal tract exceeds 1014, and is
over 100 times the amount of genomic content (microbiome) of the human genome

384

. The

development of the gut microbiota is believed to begin from birth with generally low diversity and
develops along with the hosts growth through life, shaped by genetic and environmental stimuli 385.
The gut microbiota, dominated by Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria,
ensures beneficial physiological effects to the host including improving gut integrity, regulating host
immunity and response, protecting against pathogens and harvesting energy

383

. In addition, the

commensal microbiota and the host immune system is crucial for a thorough immune system with
the microbiota providing support towards the immune response. The gut microbiota or flora is at
regular competition against pathogenic bacteria for space and nutrients, protecting the host from
harmful bacterial colonisation. This notion is well represented by the adverse effect of antibiotics
whereby gut microbiota is reduced by antibiotics allowing pathogens to populate the area
afterwards. On the other hand, alterations in the microbiota and gut dysbiosis, through the crosstalk
with other organs, often lead to associated comorbidities including cardiovascular disease 386, with
breakdown of the integrity of the gut mucosal lining and inflammation 387.
In the current issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Ascher and
colleagues report on the role of the gut microbiota in acute mesenteric infarction

388

. This study,

using gnotobiotic mouse models (i.e. in which all the forms of life present (microorganisms) within
mice can be accounted for) showed that the gut microbiota influences the extension of
ischemia/reperfusion (I/R) injury, and the interaction between leukocytes and I/R vessel walls.
Specifically, leukocyte adhesion was increased by colonisation, with mono-organism or complex gut
microbiota. Conversely, the use of antibiotics, decreasing the gut microbiota, reduced leukocyte
adherence. From a mechanistic point of view, the present report showed that the presence of gut
commensals restricts the formation of neutrophil extracellular trap (NET), with germ-free mice
displaying more NET than colonised mice. The suppression of the NET by gut microbiota was

associated with attenuated neutrophil Toll-like receptor 4 signaling, and germ-free mice were more
prone to NETing (Figure 1).
This study explored the dynamic changes that occur in the gut microbiota in response to
stimuli (i.e. antibiotics) and the regulation of the immune response (NETosis) in I/R injury. Ascher et
al suggest that the gut microbiota serves as an environmental factor that affects the immune
response towards I/R injury. Similar to previous findings on the role of the microbiota in acute
inflammatory responses, I/R injury was associated with local inflammatory responses of leukocyte
activation, trafficking, endothelial barrier dysfunction and elevations in inflammatory mediators 389.
Whilst this study and many other studies have been conducted in animal models using germfree/gnotobiotic models, the impact that the findings could have in humans represents an area that
would benefit from further research. On this basis, an experimental human model of small intestine
I/R injury has revealed that the gut barrier is resistant to short ischemic episodes and prevention of
inflammation

390

, in contrast to animal models which show an inflammatory response following

intestinal I/R injury. However, prolonged ischemic episodes result in loss of intestinal barrier integrity,
exposure to pathogens and activation of an inflammatory response, in line with animal models 391.
Although the precise role of I/R injury and the gut microbiota is a topic of debate, it has been
suggested that the dramatic change in the environment after hypoxia upregulates pathogenic factors
and the immune response. At the cellular level, molecular cross-talk involving Toll-like receptor
signalling pathways, type II secretion mechanisms and quorum sensing support this hypothesis 392.
On the basis of effectors of the gut microbiota, one of the greatest influences is by dietary
intake due to the different preferences of energy for the bacteria. This symbiotic relationship allows
for modification of the host microbiota by altering the diet. For example, switching from a low fat,
plant polysaccharide-rich diet to a high fat, high sugar diet results in a reduction of Bacteroidetes and
increases in Firmicutes (Clostridia, Bacilli and Mollicutes class), changes in gene expression and
metabolic pathways, and greater adiposity – all within 2 weeks 393. Similarly, at the metabolic level,
alterations to the gut microbiota have identified trimethylamine N-oxide (TMAO) amongst other
metabolites (choline- and carnitine-related) to show perturbations linked with cardiometabolic
disease 394,395. Particularly representative of a Western diet (meat, fish and eggs), elevations in TMAO
have shown associations with adverse outcomes in cardiovascular disease including heart failure and
myocardial infarction 396-401. With this in mind, therapeutic interventions and dietary supplements to
improve the microbial community might offer a beneficial effect to host health. Use of probiotics in

regulation of the gut microbiota by ingesting beneficial bacteria has shown positive results. In
children, a reduction in allergy rates has been associated with reduced antibiotic use, improved
lifestyle, immune system, and daily intake of probiotic supplements

402

. Supporting this concept,

preliminary reports have demonstrated the efficacy of probiotics (i.e. Lactobacillus plantarum) to
show improvement in the immune response and to provide protection against I/R injury

403,404

. In

myocardial I/R, probiotic supplements have demonstrated a reduction in infarct size and improved
recovery of post-ischemic mechanical function 405.
In conclusion, the present report demonstrates the dynamic role of the gut microbiota in the
immune response following I/R injury. Targeting the gut microbiota and its mediators might be a
potential therapeutic intervention against I/R injury. Although an interesting hypothesis, whether I/R
injury could be hypothetically monitored by altering commensal bacterial populations deserves
further investigations.

4.3 Impact of acute choline loading on circulating trimethylamine N-oxide (TMAO) levels

Cassambai S, Salzano A, Yazaki Y, Bernieh D, Wong M, Israr MZ, Heaney LM, Suzuki T. Impact of acute
choline loading on circulating trimethylamine N-oxide (TMAO) levels. Eur J Prev Cardiol. 2019 Feb
18:2047487319831372. doi: 10.1177/2047487319831372 PMID: 30776913

Despite recent efforts to reduce cardiovascular disease risk by dietary intervention (1), few
markers are useful to assess the efficiency and progress of this. Circulating levels of trimethylamine
N-oxide (TMAO) are associated with poor outcomes of cardiovascular disease (2-6). TMAO is
generated via hepatic flavin monooxygenase 3 (FMO3) mediated oxidation of trimethylamine (TMA)
(7), derived largely from carnitine and choline through gut microbial metabolism. These substrates
are found in red meat and eggs which are representative of a Western diet. Therefore, TMAO levels
could be used to monitor the effect of dietary intervention, particularly for the consumption of a
Western diet. In this study, we examined the effect of acute choline loading on TMAO levels in healthy
adult volunteers.
Eighteen healthy omnivorous adult volunteers, with no history of recent use of
antibiotics/probiotics, completed this study. Baseline characteristics and blood samples were
obtained from participants at baseline (BL). Participants were asked to complete a daily written food
diary and returned after 2 weeks (visit 2, V2). The consumption of red meat, fish, and eggs was not
permitted 24 hours before BL and V2. Prior to taking 700 mg of choline bitartrate capsules (Solgar,
USA), a blood sample was collected to measure TMAO level at time zero (0), then at 2, 4, 6 and 8
hours post choline consumption. During V2, participants were given a standardised low-choline
breakfast and lunch (total choline intake <50 mg) (8), between 0-2 and 4-6 hours respectively. This
protocol was approved by the local ethics committee and adhered to the Declaration of Helsinki. All
participants provided written informed consent. Plasma samples were quantified in duplicate for
TMAO, using stable isotope dilution liquid chromatography-tandem mass spectrometry (LC-MS/MS)
on a Shimadzu LC-30AD coupled with an 8050 triple quadruple mass spectrometer (TQ-MS), using an
optimised version of a previously described method (9), with a run time of 1 minute and limit of
quantification (LOQ) of 0.1 μmol/L. Individual responses of circulating TMAO levels in participants are
shown in Figure 1a.

Participants showed a range in circulating TMAO levels between 0-20 μmol/L over the 8 hour
period, with a few (n=4) showing higher TMAO levels following six hours post-choline consumption
(>20 μmol/L). We observed that there were patients that showed raised TMAO levels in response to
choline loading (‘responders’) and those that did not (‘non-responders’). To further investigate the
different responses to choline loading (response vs non-response), participants were split according
to the median baseline TMAO level of 2.0 μmol/L (Figure 1b), into high TMAO (HT) and low TMAO
(LT) groups. TMAO levels rapidly and significantly increased from 4 hours after choline loading in the
HT group; in contrast, TMAO levels showed no change at any time point after choline loading in the
LT group (Figure 1b) (p=0.012). TMAO levels in the HT group were higher than those in the LT group
at all times during the acute oral choline challenge (3.1-16.3 μmol/L vs. 1.3-3.3 μmol/L, respectively).
Participants in the HT group (n=9) tended to be older and had higher alcohol intake compared to
those in the LT group (n=9); however this was not statistically significant (p=0.094 and p=0.063,
respectively). Gender, ethnicity, BMI, and weekly physical activity were similar between groups
(p>0.05). Dietary records from the two weeks prior to acute choline loading as well as baseline
records did not show any differences in TMA rich food intake (red meat, eggs or fish) between groups
(Table 1). No side effects (e.g. fishy body odour) were reported during the study.
The present study indicates that acute choline loading in healthy subjects produces a
differential response in circulating TMAO levels (i.e. ‘responders’ and ‘non-responders’). These two
different response groups in TMAO production following choline challenge were demonstrated for
the first time by the present study. To note, individuals with a ‘responder’ phenotype had higher
baseline TMAO levels. Furthermore, food diaries from these individuals, assessed to determine
protein intake in the two weeks before choline loading, showed no significant differences in TMA rich
foods (e.g. red meat, eggs) compared to those with a ‘non-responder’ phenotype. This indicates that
omnivorous individuals can have different responses to dietary sources of choline, independently of
daily dietary conditions. TMAO levels were also analysed for association with participants’ physical
activity due to the beneficial effect of physical activity on cardiovascular risk, in particular when
combined with dietary intervention (10). We did not observe differences in TMAO levels with respect
to physical activity between the low and high TMAO groups. In previous studies, acute dietary
supplementation of choline has been shown to increase TMAO levels in a general population (11).
However, most studies have focused on carnitine, demonstrating the effect of L-carnitine
supplementation with increased TMAO levels correlated to chronic carnitine intake (12). TMAO levels
have been attributed more to carnitine rather than choline and from red meat rather than other

sources of protein (13). Whilst these studies showed that TMAO levels are significantly increased with
L-carnitine and red meat intake, they did not account for baseline differences in the TMAO levels of
participants and whether these could affect subsequent TMAO increase, underlying a responder or
non-responder phenotype. Further, single TMAO time point cross-sectional studies are unable to
ascertain whether there are temporal or individual differences in TMAO production, following
dietary/loading challenge (e.g. response). The current study sheds light upon the hypothesis that
individuals respond differently to dietary choline intake, which could be related to reduced FMO3
activity or gut bacterial conversion of choline to TMA, resulting in inefficient conversion of choline to
TMAO. Further investigation of gut microbial composition and FMO3 activity to identify outstanding
factors for response to choline loading is warranted.
In conclusion, our findings suggest the presence of different TMAO responses to acute choline
loading. As a current goal of cardiovascular disease prevention is to target lifestyle factors (14), with
dietary manipulation (e.g. to reduce red meat consumption) being one of the mainstays for
intervention, the finding that not all subjects respond uniformly to dietary choline intake, and the use
of a loading test to identify ‘responders/non-responders’ might help to further stratify patients into
appropriate dietary interventions. Further studies that address whether the ‘responder’ phenotype
affords a higher risk for cardiovascular risk and can be used to identify patients warranting dietary
intervention are needed.

Table 1. Demographics data from the participants assessed for this study.

Analysed data were split into high and low TMAO groups (HT and LT groups respectively), based on
the median of baseline values. Mann-Whitney U test for continuous variables and chi-squared test
for categorical variables were used to examine between-group differences. Subsequent analyses
used a general linear model with repeated measures and Bonferroni correction to compare group
TMAO means during the oral acute choline challenge. P values <0.05 were deemed statistically
significant. IBM SPSS Statistics (v25, IBM Corp., Armonk, NY, USA) and Prism (v.7, GraphPad) were
used.
BMI: Body mass index; FH: familiar history; CVD: cardiovascular diseases; TMAO: trimethylamine Noxide; HDL: high density lipoprotein. * P< 0.05

4.4 Geographical location affects the levels and association of trimethylamine N-oxide with heart
failure mortality

Yazaki Y*, Salzano A*, Nelson CP, Voors A, Anker S, Cleland JG, Lang C, Metra M, Samani N, Leong LN,
Suzuki T. Geographical location affects the levels and association of trimethylamine N-oxide with
heart failure mortality: a post-hoc analysis of BIOSTAT-CHF. Eur J Heart Failure 2019 Jul 28. doi:
10.1002/ejhf.1550. PMID: 31353762

Elevated circulating levels of the gut microbiota-derived metabolite, trimethylamine N-oxide (TMAO),
are associated with adverse outcomes in heart failure (HF) 72,122,346,406. However, there are apparent
discrepancies in the reported relationship between TMAO levels and outcomes. Independent reports
from a British acute HF cohort 122 and from a Norwegian chronic HF cohort 406 showed attenuation
of association of TMAO levels with outcomes after adjustment for main confounders, namely renal
function. In contrast, in a German chronic HF population, TMAO levels were reported to be associated
with mortality and had a better predictive value than N-terminal pro-B-type natriuretic peptide (NTproBNP) even after adjustment for glomerular filtration rate (eGFR)

72

. We therefore wondered

whether geographical location might account for this apparent difference 407 and investigated this
hypothesis using the BIOSTAT-CHF cohort 346,408,409, a multinational study done across 11 countries in
Europe in which we recently reported the association between TMAO levels and outcomes 346.
A diet-based categorization by country of enrolment was performed using the European
Nutrition and Health Report classification

410

into the Northern/Western group (NW: France,

Netherlands, Norway, Sweden, and United Kingdom), Central/Eastern group (CE: Germany, Poland,
Serbia, and Slovenia), and Southern group (S: Greece and Italy) (Figure 1). The primary study endpoint
was 2-year all-cause mortality. The association between TMAO and mortality was assessed by Cox
proportional hazards analysis within each geographical group, adjusted for the modified BIOSTAT full
risk model (Figure 1) 408 and for further specific TMAO confounders: eGFR, body mass index (BMI),
and protein intake (as estimated by the Maroni formula). The effects of geographical location on
addition of TMAO or NT-proBNP to the BIOSTAT risk model for mortality and interaction with TMAO
were investigated. Further, genetic effects on TMAO by the enzyme critical for conversion of TMAO
from its precursor TMA, the flavin-containing monooxygenase isoform 3 (FMO3) gene (i.e. four
common gene polymorphisms of the A allele of rs2266782 and rs1736557, G allele of rs2266780, and

T allele of rs909530)

349

, were investigated using linear regression under an additive mode of

inheritance further adjusting for the first 10 genetic principle components. Genotyping was carried
out on the Affymetrix Axiom UK Biobank array and called using Affymetrix Power Tools 1.16.1. A pvalue of <0.05 was considered statistically significant.
Of 2234 patients in BIOSTAT-CHF, 952 (43%) were classified as NW, 714 (32%) as CE, and 568
(25%) as S. Geographical differences in demographics, comorbidities, and mortality were in line with
previous reports on geographical characteristics of patients with HF (i.e. CE patients showing a
younger age, a higher percentage of ischemic disease, and different outcomes) 407. CE patients were
younger, had higher eGFR, higher estimated protein intake, and higher percentage of ischemic
aetiology compared to NW but were similar to S patients (Figure 1 and Table 1). When adjusted for
age, eGFR, protein intake, and BMI, TMAO levels in CE remained significantly lowest amongst regions
(median [IQR]: 6.2 µM [4.8-6.8], 7.2 µM [5.4-8.9], and 6.5 µM [5.0-8.5] respectively for CE, NW and
S, p for trend <0.001). Approximately 24% of patients (n=531) reached the primary endpoint during
a median follow-up of 21.5 [15.7-24.3] months. Mortality rate varied amongst regions [NW 26.7%
(n=254), CE 22.0% (n=157), and S 21.1% (n=120), p for trend=0.019]. In a Cox model adjusted for
confounders including BIOSTAT risk model factors, the CE group alone showed significant association
of higher TMAO levels with mortality (HR: 2.40 (1.33-4.32); p=0.004) (Figure 1). When interaction
between geographical differences with TMAO or NT-proBNP levels and outcome was investigated, a
statistically significant interaction for TMAO alone was observed but not for NT-proBNP (p
interaction= 0.033 and 0.586 respectively). Further, NT-proBNP levels were significantly associated
with mortality after adjustment for confounders in all groups. However, TMAO levels significantly
improved risk prediction when added to the BIOSTAT risk model in CE patients alone, as shown by
changes in C-statistic (0.718 to 0.744, p=0.046), NRI (41.9 [21.2-62.7], p<0.001) and IDI (2.3 [0.9 –
3.7], p<0.001) (Supplementary table 1). In contrast, for NT-proBNP there was a statistically significant
gain in C-statistic, NRI, and IDI in all groups, (Supplementary table 1). No associations of four
previously identified genetic variants in the FMO3 gene with TMAO levels were observed
(Supplementary table 2).
This is the first report on effects of regional differences on association between TMAO levels
and mortality risk in HF. There are two main findings of the present analysis. First, TMAO levels of HF
patients differed by region, even after adjustment for confounders. Second, there was a different
association with outcome by region (i.e. mortality risk of patients with elevated TMAO levels was
higher in CE patients than in NW and S patients). In addition to these main findings, in CE patients,

TMAO levels were predictive of mortality on C-statistic analysis, whereas BNP levels were not. Finally,
known FMO3 gene variants were not associated with TMAO levels. Collectively, our findings
demonstrate the different associations of TMAO with HF outcomes in a European population
suggesting that geographical differences apart from measured demographic and associated
comorbidities might represent at least one possible explanation for this 72,122,406. The BIOSTAT-CHF
cohort has two features that made it an ideal cohort to investigate regional discrepancies. First,
patients from different European regions (NW, CE and S) were well represented in our cohort.
Second, with more than 99% of patients being Caucasian, the role of ethnicity and the genetic pool
was mitigated as possible confounders of underlying geographical differences 407. There were several
limitations in the present study, however. Although we estimated protein intake by the Maroni
formula, we did not have any information regarding the actual dietary records, gut microbiota
composition or intestinal permeability to confirm the impact of diet on TMAO levels.
In conclusion, geographical differences affect the levels and association of TMAO with heart
failure mortality, regardless of main confounders. This finding suggests there may be other underinvestigated factors that affect associations of TMAO and HF adverse outcomes.

4.5 Ethnic differences in association of outcomes with trimethylamine N-oxide in acute heart
failure patients

Yazaki Y*, Aizawa K*, Israr MZ*, Negishi K, Salzano A, Saitoh Y, Kimura N, Kono K, Heaney LM,
Cassambai S, Bernieh D, Lai F, Imai Y, Kario K, Nagai R, Ng LL, Suzuki T. Ethnic differences in
association of outcomes with trimethylamine N-oxide in acute heart failure patients. ESC Heart
Fail. 2020 Jun 29. doi: 10.1002/ehf2.12777 PMID: 32598563

Introduction

The oxidised gut microbiome-derived metabolite, trimethylamine N-oxide (TMAO), has been
linked with outcomes in patients with heart failure (HF), with elevated circulating TMAO levels
showing association with poor outcomes (mortality/rehospitalisation)

72,73,122,397,400,406,411,412

.

However, these previous studies enrolled predominantly Caucasian patients, and ethnic influences
on the association of TMAO with outcomes have not yet been investigated 72,73,122,397,400,406,411,412. The
aim of the current study was to investigate whether ethnic differences influence associations
between TMAO levels and HF outcomes.
Methods
Study population
TMAO levels were measured in patients with acute HF at two sites (University Hospitals of
Leicester, Glenfield Hospital, UK, and Jichi Medical University Hospital, Shimotsuke, Tochigi, Japan)
with identical protocols for sample collection, TMAO measurements, and data management 122. The
UK Leicester cohort has been previously published

122

, and consists of two main ethnic groups of

Caucasian (n = 842, 87%) and South Asian (n = 129, 13%) patients, while the patients in the acute HF

cohort at Jichi Medical University Hospital were all Japanese. The study was approved by the local
ethics committee at each participating centre and complied with the declaration of Helsinki.

Statistical analyses
The primary endpoint was a composite of all-cause mortality and/or rehospitalisation
(mortality/HF) due to heart failure within 1 year post-admission. Demographic, laboratory, and
clinical data were compared with ethnicity, using the Mann-Whitney U test for continuous variables
and the chi-squared test for categorical variables. The Kruskal-Wallis test was used to compare group
differences between the ethnic groups and TMAO levels. B-type natriuretic peptide (BNP) and Nterminal (NT)-pro-hormone BNP (NT-proBNP) levels were measured using different natriuretic
peptide assays in the two cohorts and were therefore log normalised and then z-transformed
(normalised to 1 standard deviation) along with TMAO levels for each cohort before analysis. A Cox
proportional hazards regression model was used to analyse the associations between ZlogTMAO
levels and study outcomes in each ethnic group after adjustment for age, sex, previous history of HF,
ischemic heart disease, hypertension, diabetes mellitus, New York Heart Association class, systolic
blood pressure, blood sodium levels, renal function by estimated glomerular filtration rate (eGFR),
haemoglobin, and standardised natriuretic peptide (NT-proBNP or BNP). Interaction analysis was
performed to assess whether the association between TMAO levels and mortality/HF differed
amongst subgroups stratified according to baseline characteristics. Kaplan-Meier survival curves
were generated and the Mantel-Cox log-rank test was used to compare the differences with survival
of TMAO levels when stratified by the population median and ethnicity median.

Results

Patient demographics and clinical parameters associated with TMAO

In total, 1087 patients with acute HF were measured for TMAO levels; of these, 842 (77%)
were classified as Caucasian, 129 (12%) as South Asian, and 116 (11%) as Japanese (Table 1). TMAO
levels were significantly higher in Japanese patients compared to Caucasian or South Asian patients
(median [inter-quartile range]: 9.9 µM [5.2-22.8], 5.9 µM [3.6-10.8], and 4.5 µM [3.1-8.4],
respectively, for the Japanese, Caucasian and South Asian patients, p<0.001) (Figure 1). The
Caucasian patients were significantly older than the Japanese and South Asian patients. The South
Asian patients had higher prevalence of ischemic heart disease, hypertension, and diabetes mellitus,
but lower prevalence of atrial fibrillation. The eGFR in Japanese patients was significantly higher than
in Caucasian and South Asian patients (56 (ml/min/1.73m2) [36-82], 48 (ml/min/1.73m2) [35-64], and
51 (ml/min/1.73m2) [37-68], respectively, p=0.026); however, there were no differences in the
normalised natriuretic peptide distributions amongst the ethnic groups (Table 1).

TMAO levels as a predictor of mortality/HF at 1 year
The mortality rate at 1 year in Caucasian patients was the highest amongst the ethnic groups
(p<0.001) whilst for mortality/HF rate at 1 year, no significant differences were observed between
the ethnic groups (p=0.096; Table 1).
Higher TMAO levels were significantly associated with mortality/HF for univariate [hazard
ratio (HR) 95% confidence interval (CI): 1.28 (1.17-1.40), p<0.001] and multivariable analyses in the
entire population (unadjusted p<0.001, adjusted p=0.002) (Table 2). When ethnicity was considered
as univariate model, there were no observed differences for associations with mortality/HF between
Caucasian and South Asian patients (p=0.823), however there were differences with Japanese
patients (p=0.042), with Japanese patients associated with a lower risk of mortality/HF. However, as
multivariate models, there were no observed differences across the ethnic groups and associations
with mortality/HF (unadjusted p=0.057, adjusted p=0.311) (Table 2). Kaplan-Meier survival analysis

also showed no significant differences for outcome between South Asian and Japanese patients
(p=0.068), and between Caucasian and South Asian patients (p=0.822). However, a significant
difference was observed between Caucasian and Japanese patients (p=0.041) (Figure 2).
Interactions between ethnicity group and TMAO levels were investigated and showed no
significant interaction between the full population (ethnicity groups) and TMAO levels after
adjustment (unadjusted p = 0.408, adjusted p=0.125). When each ethnic group was considered, the
hazard ratios of TMAO with mortality/HF were similar across the three ethnic groups (HR unadjusted
1.15-1.38, adjusted 0.88-1.23) (Table 2).
Survival analysis showed that when the median TMAO level for the total population was
considered, Caucasian patients showed increasing incidence of event for all cause death and/or
rehospitalisation due to heart failure with elevated circulating levels (p<0.001), whereas Japanese
and South Asian patients showed no associations between TMAO and survival (p≥0.444) (Figure 3A).
Furthermore, when TMAO was stratified by the median for each ethnic group, we again found
Caucasian patients showed increasing incidence of event with elevated circulating levels (p<0.001),
whereas Japanese and South Asian patients showed no associations between TMAO and
mortality/HF event (p≥0.410) (Figure 3B). Similar results were observed for mortality (Supplementary
Figure 1A and Supplementary Figure 2) and rehospitalisation due to HF (Supplementary Figure 1B
and Supplementary Figure 3).

Discussion

TMAO levels in patients with acute HF differed by ethnicity. Caucasian and non-Caucasian patients
presented with a similar probability of survival for mortality/HF; however, when dichotomised by
TMAO median, only Caucasian patients showed the ability to be stratified based on elevated TMAO
levels but not in Japanese and South Asian patients. In conjunction with previous findings, TMAO

shows ethnicity-selective contributions with tailored risk selective to Caucasian patients
demonstrating that TMAO measurements, at least in our investigated cohorts, are applicable for risk
associations with adverse events in Caucasian but not in non-Caucasian patients.
TMAO levels are known to be affected by diet/lifestyle, with consumption of choline/carnitine
rich foods (e.g. fish and red meat) being associated with higher TMAO levels 344,413, and vegetarians
showing lower levels 414. Although diet was not investigated in the present cohort, our findings might
reflect cultural and ethnic differences in dietary contributions

415

. Different associations for

cardiovascular disease between Caucasians and Asians have been previously reported

416

, and our

findings are consistent with these. A previous study has also shown that the association of TMAO
levels with cardiovascular risk differed between Caucasian and Blacks in haemodialysis patients 417,
with a linear increase in adverse events in Caucasian patients, but not in Blacks.
As limitations, we did not have any information regarding the dietary records and gut
microbiota composition to investigate impact on TMAO levels which is a limitation of the present
study. Differences in the standard of care between the UK and Japanese cohorts may have also
contributed.
In conclusion, ethnic differences affect TMAO levels and their risk stratification with adverse
outcomes in patients with acute HF. Our findings add to our present understanding of outcomes
associated with acute HF through the identification of a hitherto unknown ethnicity-selective
contribution of the gut microbiome through TMAO.

4.6 Combined use of trimethylamine N-oxide with BNP for risk stratification in heart failure with
preserved ejection fraction: findings from the DIAMONDHFpEF study

Salzano A, Israr ZM, Yazaki Y, Heaney LM, Kanagala P, Singh A, Arnold JR, Gulsin G, Squire IB, McCann

G, Leong LN, Suzuki T. Combined use of trimethylamine N-oxide with BNP for risk stratification in
heart failure with preserved ejection fraction: findings from the DIAMONDHFpEF study. Eur J Prev
Cardiol. 2019 Aug 14:2047487319870355. doi: 10.1177/2047487319870355. PMID: 31412713

Circulating levels of Trimethylamine N-oxide (TMAO), a gut microbiome-mediated metabolite
related to Western diet 418,419, have been shown to be associated with risk stratification and outcome
in patients with heart failure (HF) with reduced ejection fraction (HFrEF) 70,73,346,420. The aim of the
present study was to assess the associations between TMAO with outcomes in patients with HF with
preserved ejection fraction (HFpEF).
To investigate the recently identified link between the gut and HF (namely: “gut hypothesis”),
TMAO levels were measured in 118 patients with HFpEF, 38 patients with HFrEF, and 40 healthy
volunteer participants (sex/age matched) with available baseline plasma samples from the
Developing Imaging And plasMa biOmarkers iN Describing Heart Failure With Preserved Ejection
Fraction (DIAMONDHFpEF) cohort, a prospective, observational, single-centre study aimed at
developing imaging and plasma biomarkers of novel pathophysiological patterns in HFpEF
[NCT03050593]421. Plasma levels of TMAO were measured using liquid chromatography-tandem
mass spectrometry, a high throughput, reproducible, and accurate method, as previously reported
70,346,422

. BNP was measured using a commercial immunoassay (Siemens, Erlangen, Germany). All

patients had blood tests, transthoracic echocardiography (TTE, Philips iE33, Amsterdam,
Netherlands), and cardiac magnetic resonance (CMR) imaging (Siemens Skyra Erlangen, Germany)
during the same visit. Primary outcomes were defined as the composite endpoint of all-cause
mortality or hospitalisation for HF at 18 months (short-term) and at 60 months (long-term).
Baseline patient demographics, blood chemistry, echocardiographic, and CMR measurements
are shown in Table 1. Patients with HFpEF had higher body mass index (BMI), higher prevalence of
systemic hypertension and atrial fibrillation, and less coronary artery disease. HFpEF patients had
lower BNP levels as compared to HFrEF patients [140 (55-252) pg/mL vs. 345 (167-605) pg/mL,

p<0.001]. HFrEF patients showed higher end-diastolic [140.8 (107.8-164.9) ml/m2 vs 77.2 (65.9-91.9)
ml/m2] and end-systolic [97.8 (68.7-128.5) ml/m2 vs 33.1 (27.4-41.9) ml/m2] volumes on CMR
(p<0.01), and higher LV filling pressures (E/e’ ratio) [13.1 (11.5-19.9) vs. 11.5 (9.1-16.6), p=0.023] on
TTE (Table 1). HF patients showed elevated circulating TMAO levels when compared to sex/age
matched healthy controls [HFpEF 6.6 (4.3-12.2) µmol/L, adj. p=0.003; HFrEF 8.4 (3.7-13.8) µmol/L,
adj. p=0.006; vs. control 4.0 (3.2-5.3) µmol/L], but no differences were observed between HF
phenotypes. TMAO was positively correlated with age, BMI, E/e’, and BNP levels, and negatively
correlated with eGFR (Table 1). A total of 27 events (13 deaths and 14 HF hospitalisation) were
recorded in the HFpEF cohort over a follow-up of 18 months (short-term), and 55 events (32 deaths
and 23 hospitalisation) over a follow up of 60 months (long-term). For short-term outcomes, Cox
proportional hazards regression showed that HFpEF patients with a circulating TMAO level exceeding
a cut-off of 5 µmol/L (derived from the upper quartile of the control population in this study as a
whole integer) showed a 4-fold increase in risk of an event [HR (95% CI) 3.82 (1.15-12.69), p=0.029].
TMAO remained significantly associated with outcome when adjusted for age, sex, BMI, and eGFR
[3.66 (1.03-13.04) p=0.045]. However, TMAO was not significantly associated with events as a
continuous, univariate marker (p=0.109). For long-term outcomes, as a dichotomised variable at the
cut-off point of 5 µmol/L, TMAO was significantly associated with outcomes [2.74 (1.34-5.61)
p=0.006], and showed associations when adjusted for confounders [2.45 (1.12-5.35) p=0.025]. As a
continuous variable, TMAO was associated with outcome as a univariate marker [1.98 (1.11-3.55)
p=0.021], but did not retain this when adjusted for confounders. When mortality was investigated,
as a continuous variable, TMAO was significantly associated with outcome both as a univariate
marker [2.40 (1.11-5.18) p=0.025], and after adjustment [3.53 (1.34-9.33) p=0.11]. As elevation of
BNP levels is less pronounced in HFpEF patients, Kaplan-Meier survival analyses were performed to
compare the use of TMAO as a predictor of outcome in HFpEF patients with low BNP levels (cut-off
value of 140 pg/mL and 250 pg/mL, derived from the ESC guidelines 1) and compared to those with
more pronounced elevations of circulating BNP (≥140 pg/mL and ≥250 pg/mL) (Figure 1). When all
HFpEF patients were stratified by TMAO and BNP levels, those with lower levels of both biomarkers
reported the greatest survival, with a gradual increase of risk when one or both biomarkers were
elevated for short- (log-rank test, p≤0.004, Figure 1A and 1C) and long-term outcomes (log-rank test,
p≤0.010, Figure 1B and 1D). When compared to patients with lower levels of both biomarkers, BNP
alone, when stratified at 140 pg/mL, showed significant changes in survival for short-term (p=0.04),
but not long-term (p=0.11) outcomes, whereas TMAO alone, when stratified at 5 µmol/L, showed

significant changes in survival for both short- and long-term outcomes (p≤0.04, Figure 1A and 1B).
When stratified at 250 pg/mL, both BNP alone and TMAO alone showed significant changes in survival
for both outcomes (p≤0.03, Figure 1C and 1D).
The present study indicates that TMAO levels were elevated to a similar extent in HFpEF and
HFrEF patients in comparison to cardiovascular disease-free participants, in line with a previous
report 72. Furthermore, our findings suggest the possible use of TMAO for risk stratification of longterm mortality. In addition, our results support the hypothesis that TMAO levels could aid in
stratifying HFpEF patients who would otherwise be classified as low-risk based on BNP levels. Indeed,
when a cut-off level was used for TMAO [upper quartile of the normal range (5 µmol/L)], associations
with adverse outcomes in HFpEF patients in which BNP, the ‘gold standard’ biomarker in HFrEF, was
less elevated were observed. TMAO levels also increased with higher LV filling pressure and BNP
levels, suggesting association with worsening of HF with progressive diastolic dysfunction, in line with
a previous report showing association between TMAO levels, HF severity, and diastolic dysfunction
345

. To date, only one study has investigated the prognostic value of TMAO in HFpEF

72

, with

inconclusive results on how TMAO may benefit risk stratification of patients with this condition,
perhaps because of the enrolment criteria (only patients referred for coronary angiography have
been enrolled). The present report suggests that TMAO could have a role in clinical management of
HFpEF patients, allowing a better risk stratification, not achievable with BNP alone and that still
remains an unmet need in clinical practice

423,424

. Further, therapeutic intervention to the gut

microbiome might be potential additive treatments for HF. Notably, our data support the idea that
the integration of multiple biomarkers, in particular if circulating and imaging biomarkers related to
different pathophysiological patterns are combined, seems to be the most promising strategy in HF
8

. As study limitations, patients were recruited from a single centre with a relatively small sample size

that does not allow extensive prediction modelling to be performed. In addition, data regarding
dietary intake and antibiotic treatment that could influence TMAO levels were not available.
In conclusion, as natriuretic peptides are not as highly elevated in HFpEF compared to HFrEF,
elevated circulating levels of TMAO may provide utility in risk stratification of HFpEF where this and
other biomarkers show equivocal levels. Therefore, the combined use of BNP and TMAO may be
useful in patients with HFpEF.

5. Chapter 5. Novel biomarkers in heart failure

5.1 Salzano A, Israr MZ, Fernandez Garcia D, Middleton L, D’Assante R, Marra AM, Arcopinto M,

Yazaki Y, Bernieh D, Cassambai S, Page K, Rengo G, Bossone E, Cittadini A, Shaw JA, Suzuki T.
Circulating cell-free DNA levels are associated with adverse outcomes in heart failure: testing
liquid biopsy in heart failure. Eur J Prev Cardiol. 2020 Mar 25:2047487320912375. doi:
10.1177/2047487320912375. PMID: 32212838

Circulating cell-free DNA (cfDNA) is genomic DNA released as result of cell death mechanisms
(e.g. apoptosis, necrosis, and autophagy)425. Mostly investigated in oncology, cfDNA fragments have
proven utility for early detection, treatment monitoring, and risk stratification of cancer and is
known as the ‘liquid biopsy’ method 425-427. More recently, investigations in the cardiovascular field
428-430

have shown associations of cfDNA with cardiovascular risk factors 431, cardiovascular disease

status (acute myocardial infarction and atrial fibrillation) 430, and for the early diagnosis of heart
transplant rejection

432-434

. However, despite knowing that cell death is one of the features of

heart failure (HF) pathobiology, cfDNA has never been investigated in chronic HF. Aim of the
present study was to assess, for the first time, the role of the liquid biopsy in HF, investigating
cfDNA levels in HF patients and their associations with clinical status, morbidity, and mortality.
Seventy-one consecutive chronic stable HF patients with ejection fraction (EF) <50% were
enrolled from our HF unit and compared with 64 healthy volunteers enrolled as controls from a
preventive medicine programme. Inclusion criteria comprised no history of recent acute HF
decompensation in the last 6 months, severe liver (cirrhosis CHILD B-C) or kidney disease (serum
creatinine >2.5 mg/dL); further, patients had to be on stable HF medications for at least 3 months.
Cell-free DNA was extracted from plasma using the QIAamp Blood DNA Mini Kit (Qiagen). Each sample
was quantified in triplicate relative to a standard curve, generated from a serially diluted human
genomic DNA template (Roche) of known concentration and an in-house locus-specific TaqMan assay
targeting a 96bp intronic sequence in the housekeeping gene, Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) 426 . Primers were designed to target GAPDH as described previously 427. Btype natriuretic peptide (BNP) levels were measured with the RapidPIA™ BNP kit (Sekisui Medical Co).
The primary endpoint was defined as a composite of all-cause mortality and/or HF hospitalisation
(death/HF) at 30 months. The associations between analysed variables and outcome were

investigated using Cox proportional hazard regression analyses. Kaplan–Meier survival curves were
generated and the Mantel–Cox log-rank test was used to compare event-free survival after
stratification of cfDNA levels by the median. Outcome prediction accuracies were assessed by
calculating the area under the curve (AUC) for receiver operating characteristic (ROC) curves analyses
and by using net reclassification index (NRI) for cfDNA and BNP levels, alone and/or combined, as
adjusted for the multivariable linear model.
Patient demographics, blood chemistry measurements, and clinical characteristics are
described in Table 1A. When cfDNA levels were compared, approximately 6-fold higher cfDNA levels
were observed in HF patients (median [interquartile range]; HF: 19.4 [11.1-41.7], healthy: 3.4 [2.046.06], p<0.001), with a significant correlations between cfDNA levels and New York Heart Association
(NYHA) class (rs = 0.294, p=0.017) and biochemistry markers (albumin, calcium, creatine
phosphokinase, and Beta-2 globulin) (rs = -0.267-0.298, p≤0.048). No correlations were found with
age, sex nor echocardiographic parameters. For outcome analyses, cfDNA levels were not
significantly associated with outcome as a continuous variable. However, when cfDNA levels were
dichotomised according to the median value of the HF population (19.4 ng/mL) and also using the
Youden’s Index for optimal cut off point from the ROC curve (20.8 ng/mL), with both methods of
applying a cut off value yielding identical categories (n=34 patients with elevated cfDNA levels),
univariate analysis showed that cfDNA levels were associated with death/HF hospitalisation at 30
months [hazard ratio (95% confidence interval) p value; 2.57 (1.36-4.87) p=0.004]. When adjusted
for main clinical parameters (age, NYHA class, sex, aetiology, BNP, and estimated glomerular filtration
rate), cfDNA retained prediction abilities [2.12 (1.04-4.30) p=0.038] (Table 1B). ROC curves using the
same multivariable model, with and without BNP and cfDNA levels, showed that the combination of
BNP and cfDNA gave a consistent gain in C-statistic for associations with outcome when compared
to the same model with either BNP or cfDNA alone [0.750 (0.619-0.881), 0.752 (0.632-0.872) and
0.796 (0.687-0.905) for BNP alone, cfDNA alone, and combination of both biomarkers respectively,
p<0.001] (Table 1C). For net reclassification analysis, when added to the clinical variables for the
composite endpoint of death/HF, the combination of cfDNA and BNP [55.8 (10.3-101.3) p=0.016]
showed an improvement over BNP alone [52.9 (8.63-97.3) p=0.019]; however cfDNA alone was
superior [63.8 (17.7-109.8) p=0.006] suggesting that cfDNA levels is the weighing factor (Table 1C).
Kaplan-Meier survival analyses showed that HF patients with cfDNA levels above the median value
have reduced survival (chi-square: 9.32; log rank test p=0.002) (Figure 1A). In addition, when patients
were categorised according to median levels of cfDNA and BNP (Figure 1B), patients with elevations

in both biomarkers showed the lowest survival, significantly different to those with normal levels of
both biomarkers (chi-square 17.83, log rank test p<0.001) or only BNP elevated (chi square 4.52,
p<0.030). No differences were found when compared to patients with only cfDNA elevated which
suggests that elevations in cfDNA levels is the weighing factor.
The present investigation showed, for the first time, that circulating cfDNA levels are elevated
in HF patients compared to healthy subjects, similar to other cardiovascular diseases430,435,436. In
addition, cfDNA is associated with clinical status. When combined with BNP, cfDNA levels added to
patient risk stratification, with cfDNA as the weighing factor, as shown by the Kaplan-Meier and net
reclassification analyses. Despite the precise mechanisms of cfDNA in HF pathophysiology being
unknown, it is plausible to envisage a combinatorial mechanism involving myocardial injury, chronic
inflammation, and thrombosis/platelet aggregation. Indeed, cfDNA is released from the heart upon
reperfusion after prolonged ischemia, and plays a critical role in ischemia-reperfusion injury through
a receptor for advanced glycation end products (RAGE)-toll like receptor 9

437

. Additionally, in

cardiovascular diseases, cfDNA has been implicated in hyperactivation of polymorphonuclear cells
which promote platelet aggregation and chronic thrombosis

428,430

. Higher cfDNA levels have also

been reported to be associated with systemic low-grade inflammation markers [e.g. Interleukin (IL)6, IL-8] 431. Further, association of cfDNA has been reported with increased neutrophil extracellular
trap formation, which impacts the efficiency of fibrinolysis with enhanced peak thrombin generation,
impaired fibrinolysis, and decreased clot permeability

438

. As study limitations, patients were

recruited from a single centre, with a relatively small sample size that does not allow extensive
prediction modelling to be performed. However, the present report is hypothesis generating, and
further large-scale studies are warranted.
In conclusion, cfDNA levels are associated with morbidity and mortality in HF, suggesting that
liquid biopsy may offer additional methods to monitor and stratify the risk of outcome in HF patients.

5.2 Israr MZ*, Salzano A*, Yazaki Y, Voors AA, Ouwerkerk W, Anker SD, Cleland JG, Dickstein K,

Metra M, Samani NJ, Ng LL, Suzuki T; on behalf of BIOSTAT-CHF consortium. Implications of
serial measurements of natriuretic peptides in heart failure: insights from BIOSTAT-CHF Eur J
Heart Fail. 2020. 10.1002/ejhf.195

Natriuretic peptides [NP, including B-type natriuretic peptide (BNP) and amino-terminal
prohormone of BNP (NT-proBNP)] are the gold-standard biomarkers in heart failure (HF)
management1, with NP levels at presentation/admission routinely used for diagnostic and prognostic
purposes439. NP levels at discharge/follow-up also show association with outcomes440, and NP levels
following HF treatment add further value to tailoring risk441. However, the usefulness of NP serial
measurements beyond conventional HF treatment in clinical practice still remains a matter of
controversy440,442. A cohort with current HF guideline-based treatment would provide an ideal setting
to revisit usefulness of NP serial measurements in risk stratification of HF patients, including the role
of recently identified BNP molecular forms443. The European multi-national BIOlogy Study to TAilored
Treatment in Chronic Heart Failure (BIOSTAT-CHF) provides an opportunity for the aforementioned
analysis, being a European cohort in which serial sampling of NP was done before and after titration
of HF medications according to current European guidelines in a multi-centre, observational, realworld setting397.
Aims of the present study were to investigate the association with HF outcomes, effects of
HF-guideline treatment, and the implications of NP serial measurement in the BIOSTAT-CHF
cohort397.
From the total cohort, 757 patients with available plasma samples at baseline (V1) and at
follow-up (V2-approximately nine months apart) were measured for BNP and BNP molecular form,
BNP 5-32443 (see Table 1 for methods on measurements). NT-proBNP measurement was only
available at baseline (V1); therefore, analyses related to this peptide were limited to baseline (V1).
The primary endpoints were all-cause mortality and a composite of mortality with HF
rehospitalisation (mortality/HF) at 3 years, and overall from baseline (V1). Changes in dosage
titrations and response of peptide levels were investigated by splitting the population into two groups
based on treatment up-titration, as previously reported (see Supplementary)397.
Demographics and clinical measurements are described in Table 1. At baseline (V1), NP levels
(BNP, NT-proBNP, and BNP 5-32) were strongly correlated with each other (rs = 0.635-0.904,

p<0.001). Cox regression modelling showed baseline BNP levels to be associated with mortality [HR
1.99 (95% CI 1.23-3.23) p=0.005] and mortality/HF [1.72 (1.25-2.37) p=0.001]. NT-proBNP and
detection of BNP 5-32 were similarly associated with mortality [≥1.85 (1.15-3.20) p≤0.012] and
mortality/HF [≥1.54 (1.14-3.22) p≤0.015] after adjustment for the BIOSTAT compact model397 (Table
2A). All three NPs retained their associations with outcomes after further adjustment with additional
NP confounders (Table S1.A). With regard to effect of HF treatment, significantly reduced levels of
BNP were observed only when at least one medication was up-titrated, whereas BNP 5-32 was
reduced regardless of drug up-titration (Table 2B). A general linear model analysis for repeated
measures confirmed these findings (Table S1.B). For serial measurements (Table 2C), when BNP
baseline (V1) and follow-up (V2) levels were compared, follow-up (V2) measurements were more
strongly associated with all cause-mortality than baseline (V1) (chi-square: 67.1 vs 16.0). However,
even if the combination of baseline (V1) and follow-up (V2) measurements were significant (chisquare: 66.7, p<0.001), there was no added value to the follow-up (V2) measurement alone, as the
role of the baseline (V1) measurement was not preponderant (p=0.878). Similarly, follow-up BNP 532 measurement showed a stronger association with all-cause mortality than the baseline value (chisquare: 64.3 vs 18.8); however, the combination of baseline (V1) and follow-up (V2) measurements
was significantly better (chi-square: 69.8), with the baseline (V1) level providing additional value (chisquare: 5.5, p=0.017) to follow-up (V2) measurement alone. Furthermore, in patients that did not
achieve ≥50% dose treatment but still showed BNP 5-32 to decrease from detectable to undetectable
levels (or high-low for BNP) exhibited better outcomes than those who displayed increased levels at
follow-up (Supplementary Figures 1 and 2).
There are three main findings of the present investigation. Firstly, baseline NP levels were
independently associated with adverse outcomes, with comparable results for BNP, NT-proBNP, and
BNP 5-32. Secondly, response to HF-guideline treatment up-titration was associated with a decrease
in both BNP and BNP 5-32 levels. Finally, even if both BNP and BNP 5-32 showed stronger association
with all-cause mortality at follow-up measurement compared to baseline, combination of baseline
and follow-up measurements did not add value for BNP beyond follow-up alone, whereas BNP 5-32
did.
The recent North American GUIDE-IT trial444 showed guideline-directed medical therapy
(GDMT) guided by NT-proBNP levels was not superior to GDMT alone and that GDMT intensity was
associated with lower NT-proBNP levels and further that low NP levels at follow-up (NT-proBNP levels
≤1,000 pg/ml during GDMT) were associated with better outcomes445. Consistent with this, the

present study based on a European real-world cohort showed that follow-up values after guidelinebased treatment were more associated with outcomes for both BNP and BNP 5-32 (Supplementary
Figures 3 and 4). In this context, analysis of the NP response in the BIOSTAT-CHF cohort, with
medications optimised according to HF-guidelines, confirmed association of baseline NP levels (BNP,
NT-proBNP and BNP 5-32) with adverse outcomes, and follow-up levels after treatment to show
better association with adverse outcomes when compared to baseline levels, consistent with
previous reports1, 2,

441,446,447

. This is in line with a previous finding in another real-world cohort

conducted in the UK in which the measurement of follow-up NT-proBNP, after optimisation of
pharmacotherapy, although preceding current guidelines, provided more value than baseline
measurements alone446. The difference in added value of combined use of baseline and follow-up
measurements for association with mortality observed for BNP and BNP 5-32 in the present study
may reflect different responses to treatment, with BNP levels being affected by treatment but not
BNP 5-32 levels as a result of differential peptide processing in HF patients. BNP molecular forms may
provide a more treatment-independent outcome biomarker. In the era of peptidase inhibitors (i.e.
sacubitril/valsartan, DPP-IV inhibitors), monitoring NPs including molecular forms might allow further
insight into NP processing that appear to be altered in HF.
As limitations, BIOSTAT-CHF was a non-randomised observational study, therefore it is not
possible to infer causality to our findings or provide a mechanistic explanation. This study involved
only European centres, and 99% of patients were Caucasian; therefore, the findings of this study may
not be representative of HF patients at a global level.
In conclusion, findings from the BIOSTAT-CHF study, as a real-world cohort, supports the role
of serial measurement of natriuretic peptides in clinical practice, with follow-up BNP and BNP 5-32
levels adding value to risk-stratification in HF patients. Future studies are needed in cohorts with NPmodulating treatment (i.e. peptidase inhibitors).
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Chapter 6. Miscellaneous

6.1 Salzano A§, Suzuki T, Squire IB, Cittadini A. Are heart failure observational studies still useful?

‘No need to argue’. Eur J Prev Cardiol. 2020 Jun 24:2047487320932258. doi:
10.1177/2047487320932258. PMID: 32580568

Despite a general improvement in prevention, epidemiology, and management of
cardiovascular diseases

448

, heart failure (HF) still remains a major healthcare issue, affecting

approximately 35 million subjects worldwide 449. Because of its increasing prevalence, an unmet need
in public health is to find novel strategies capable of slowing disease progression and reducing its
high rate of mortality, still about 50% at 5 years. These necessities led to a great valuable effort in HF
community, with the implementation in the last decade of an even larger amount of clinical research
studies aimed at further understanding pathophysiological models, HF phenotypes, and role of
comorbidities, as well as investigating the possible effects of novel treatments.
As result, a huge burden of new evidence has become available in the last few years, with
some improvement in the general knowledge of the disease. However, as downside, this great
accessibility of research data from several sources makes HF a field in which physicians have to
disentangle themselves, in the difficult attempt to translate research findings into the clinical
practice. Further, this massive amount of information paradoxically leads to the risk of
misinterpreting them, with an even more spread of the simplistic view that wrongly consider as
valuable only data derived from randomised control trials (RCTs), making data from observational
studies (OS) neglected as ‘children of a lesser God’. Testifying these concerns, recently a European
Society of Cardiology (ESC) workgroup published a statement that pointed out strengths and
weaknesses of both methods 450, to provide physicians with a possible guide in interpreting research
results.
Although RCTs can be considered as the most powerful studies in clinical research in providing
data on treatment effects, mostly thanks to random sampling (that limits the possibility to have
differences in study groups characteristics, distributing known and unknown confounders between
control and active arms), several limitations need to be acknowledged451. For instance, because of
enrolment criteria, too often some categories of patients are underrepresented (e.g. elder people,
ethnic minorities, advanced disease stages, patients with more comorbidities, low education level);
further, because of the study design, patients enrolled in clinical trials have the risk to be over-

medicated and invited to attend a lot of follow-up visits, not reflecting the real clinical practice; in
parallel, RCTs habitually enrol more motivated patients, and exclude patients who cannot strictly
follow the study design dictates and/or attend to all controls scheduled, introducing an important
selection bias difficult to delete; for example, it has been demonstrated that the patient response
rate to a RCT screening invitation is generally pretty poor. In addition, usually RCTs have not enough
duration to show long-term effects, nor enough sample size to identify potential rare adverse drugs
effects. For these reasons, results from clinical trials need to be confirmed in the ‘real world’ scenario,
where findings from RCTs could be occasionally confuted or reduced in importance when tested in
larger population. Finally, there are contexts in which RCTs do not perform at best (i.e. rare diseases).
On the other hand, OS are able to solve several of these points. Indeed, subjects enrolled in
OS are usually more similar to patients genuinely observed in everyday practice; further, the easier
design allows to have a high participation rate, including categories of patients that are excluded by
RCTs. In addition, higher numerosity and longer follow-up provide information that are often not
reachable from RCTs450. Notably, small observational studies can also be useful in investigating, for
the first time, novel hypotheses, as proof of concept studies of future more wide investigation452.
Therefore, there is ‘no need to argue’ that large OS provide data that are still necessary;
indeed, they are more appropriate to describe natural history of a disease, to suggest novel risk
factors, and generate new hypotheses; in addition, large OS can be used to have data about
evaluation of drug safety; finally, observational studies can be used to have a snapshot of the
performance of health systems (e.g. adherence to evidence-based guideline treatment) and to
provide possible solutions to implement better health programs. However, it is necessary to be
careful to claim that OS can address all limitation of RCTs. The truth lies somewhere in the middle,
and both instruments are fundamental tools in clinical research, able to provide high quality research
data, with different roles in different stages of the research process (Figure 1).
In the recent years, several are the examples of OS that provided (or are supposed to provide
in the very next future) very useful information in HF, that changed or will change our HF
management. For example, in the context of the ESC Eurobservational Research Programme (EORP),
a series of cardiovascular registries launched in 2009, the EORP-HF registry453, currently in the phase
III, will assess contemporary patterns of HF management, prevalence of HF clinical profiles,
phenotypes, and clusters across Europe. Another successful example is the Swedish Heart Failure
Registry (SwedeHF), a nationwide continuous health quality and research registry, founded in 2000

throughout Sweden, that showed for the first time that enrolment in a HF registry improves outcome
in HF patients454.
A further evolution of OS, recently developed, is the possibility of collect blood samples,
building biobanks available for future analyses; this allows to test supplementary hypotheses, often
different from the main hypotheses of the principal study aims, further supporting the versatility of
OS455. In addition, this possibility allows also the develop of multiparametric biomarkers (i.e. based
on demographic data, blood and imaging biomarkers). For instance, the BIOSTAT-CHF (BIOlogy Study
to TAilored Treatment in Chronic Heart Failure)399,456, a multicentre, multinational, prospective,
observational study from 11 European countries, aimed to characterize biological pathways related
to response/no-response to guideline-recommended treatment for HF, in last years provided a great
amount of data, that might have a strong impact on HF management (e.g. showing a sex difference
in needed doses of HF drugs, with women who might need lower doses when compared to men)456,
with the possibility of further investigating in the future several different aspects, thanks to the
availability of a wide biobank399. Another interesting example is the DIAMONDHFpEF (Developing
Imaging And plasMa biOmarkers iN Describing Heart Failure With Preserved Ejection Fraction), a
prospective, observational, cohort study aimed at developing imaging and plasma biomarkers in HF
with preserved ejection fraction (HFpEF)
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, that is providing useful data to further define HFpEF

phenotype, linking blood biomarkers with imaging. Finally, the T.O.S.CA. registry, a prospective
multicentre observational study, has been specifically designed to investigate the prognostic impact
of hormone deficiencies in HF49, with serial blood samples and imaging parameters available over the
follow-up, and that is expected to provide first results in the next months.
In this context, in the current issue of the European Journal of Preventive Cardiology, Göbel S
and co-workers presented rationale, design, and baseline characteristics of the MyoVasc, a
prospective, observational, cohort study, investigating development and progression of HF in a
cohort of subjects enrolled from the University Medical Centre Mainz, Germany457. A preliminary
information to keep in mind approaching the reading of the present article, is that MyoVasc
investigators, by protocol, used the American College Cardiology/American Heart Association HF
classification (which comprises 4 progressive and inviolate stages of HF), rather than ESC
classification; as result, in the MyoVasc study have been enrolled not only subjects with overt HF (HF
patients following ESC guidelines are equivalent to stage C and D of American guidelines), but also
subjects at high risk of HF but without structural heart disease or HF symptoms (stage A), and subjects
with structural heart disease, but without HF signs or symptoms of HF (stage B). In total, from January

2013 to April 2018, 3289 subjects have been enrolled. Of these, 1741 were overt HF subjects, with
preserved ejection fraction (HFpEF) as the prevalent phenotype (37.1%), whereas 19.7% were HF
with reduced ejection fraction (HFrEF) and 23% were HF mid-range (or HFpEF with borderline EF). In
addition, 1253 individuals were not HF patients (considered as stage A/B following American
guidelines).
Several are the particular features of the MyoVasc study. Firstly, the presence of stage A/B HF
will allow to observe the natural history of the development of HF, from risk factor to overt HF;
notably, recently have been published results of the Characteristics and Course of Heart Failure
Stages A–B and Determinants of Progression (STAAB) cohort study, aimed to identify the frequency
and characteristics of individuals at risk of HF in the general population of a representative sample of
residents of Würzburg, Germany458; it will be of great interest to compare these results with the
MyoVasc study, considering the geographical proximity between the two cohorts; secondly, the
presence of all the three HF phenotypes will allow to investigate the featuring of HF across ejection
fraction; finally, the biobank, with blood sampling each 2 years for 6 years of follow-up, will provide
valuable resource for future analyses.
In conclusion, in the intricate but even more fascinating scenario of HF, observational data
still remains necessary, even in the era of the big trials, in particular if biobanks are collected. The
continued interplay between observational and randomised control trials is the road map to success
in HF research. ‘There’s no need to argue, anymore’*.
*The Cranberries – No need to argue-Island Records – CID 8029, Island Records – 524050-2, Island Records – 524 050-2
-Release data 04 oct 1994
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Marra AM, Cittadini A. Heart failure management during COVID-19 outbreak in Italy.
Telemedicine experience from a heart failure university tertiary referral centre. Eur J Heart
Fail. 2020 May 28:10. doi: 10.1002/ejhf.1911. PMID: 32463534

A few weeks after the first Italian case of person-to-person transmission of severe acute
respiratory syndrome coronavirus 2 (Sars-CoV-2) 459, Italian government promulgated a Decree-Law
imposing a general lockdown, aimed at reducing the spread of coronavirus disease of 2019 (COVID19). Among restrictions affecting healthcare system, outpatient clinics and day-services have been
suspended, and in-ward access has been granted only for urgent procedures. If on the one hand this
reduced the risk of in-hospital COVID-19 spread, on the other hand led to marked decrease in the
clinic assistance of chronic diseases -i.e. heart failure (HF).
Aims of the present report were to investigate whether a telemedicine service (TMS),
expressly set up by our HF university tertiary referral centre49 during the COVID-19 outbreak, impacts
on HF outcomes (i.e. composite of HF hospitalisation/death), and to compare outcomes with the
same period (11th March -4th May) of the previous year, when a TMS was not available.
Our TMS included two phone numbers, active 24/7, with the possibility of chat- and
videoconference-services available with most popular smartphone applications; an email address
was available too. Telemedicine visits were not scheduled, and accesses were all on voluntary basis
by the patients, who were advised to use the TMS for all clinical necessity. However, if the attending
physician deemed a further access necessary, patients were encouraged to contact us again. All
patients were advised to follow all measures to prevent COVID-19 transmission (e.g. social distance,
frequent handwashing, the use of face masks in public places, self-isolating). With regard to HFtreatment, we recommended the prosecution of all drugs as medical standard460. Notably, after a
few days, European Society of Cardiology published a statement against the discontinuation of
ACEi/ARBs/ARNI461; further, recent evidence from literature showed the lack of negative effects of
ACEi/ARBs/ARNI for COVID-19 infection and severity 462. At the end of the study period, all patients
were contacted, to get information about outcome.
One hundred and three patients participated in the present study; outcomes were compared
with data from 104 HF patients attending our unit in the same period of 2019 (Table 1). From 11th
March to 4th May 2020, 58% of patients made at least one TMS access, mostly by phone call (64.2%),

followed by chat-service (33.6%). Overall, 51% of contacts led to a clinical decision (adjustment of
diuretic doses, change of blood pressure drugs, rate controls, anticoagulants management, others)
(Figure 1). With regard to primary outcome, 5 patients experienced the primary endpoint.
Specifically, 3 patients were hospitalised (one for NSTEMI-ACS, one for pulmonary oedema, and one
for change of defibrillator battery), whereas 2 patients died (both were at terminal stage of HF before
the lockdown – NYHA IV- and died for sudden cardiac death). Notably, none of our HF patients got
COVID-19. Pearson’s chi square and Fisher exact tests showed that patients in 2019 cohort (when
TMS was not available) were more likely than cohort with access to TMS to experienced primary
outcome [X2 (degree of freedom 1, cases = 207) 10.699, p=0.001]. Specifically, a significant difference
was observed for HF hospitalisation (p=0.001) whereas no differences were observed with regard to
deaths.
The present investigation represents the first about the utility of telemedicine during the
lockdown due to COVID-19 outbreak in Italy; using commonly available technologies (analogic
phones, smartphones, apps) our team was able to offer a continuous service for all our HF patients.
It has been described a decrease of acute coronary syndrome-related hospitalisation rates in
Italy during the COVID-19 outbreak463,464, suggesting that several patients experienced a poor
outcome because they did not access to health system. We provided a TMS that allows our patients
to have direct access to health system, observing a significant reduction of primary endpoint when
compared to the same period of the previous year, supporting its use to increase the value of health
care465. Further, our finding supports the recent statement from Heart Failure Society of America, in
which the use of the telemedicine for HF management during COVID-19 outbreak is strongly
suggested466, in line with European Society of Cardiology advice461. Notably, recently it has been
stated that ‘it is a great shame that home telemonitoring was not already routine before the pandemic
struck’ 467.
To avoid possible social disparities (e.g. accessibility of service only to people with available
technologies and/or capacities to use the service), on purpose we based our telemedicine system
mostly on phone calls.
In conclusion, our telemedicine service allows our HF patients to be follow-upped also during
COVID-19 lockdown, with a positive impact on HF outcome; the present report confirms telemedicine
as a valuable tool in HF-management and shows for the first time its feasibility during COVID-19
outbreak.

7. Conclusions

Despite the number of biomarkers investigated in HF is dramatically increasing, to date relatively few
of them showed ability in modifying decision making in the clinical arena and may therefore be
termed ‘clinically useful’.
Natriuretic peptides (BNP and NT-proBNP) represent the gold-standard circulating biomarkers in HF,
whereas transthoracic echocardiography represents the indispensable imaging tool in the
management of patients with HF for its safety, low cost, and availability.
Biomarkers may derive from the blood, the urine, genetic studies, imaging, physiological tests, and
tissue-specimen biopsies. The multi-biomarkers strategy, in particular if biomarkers are combined
and information from different pathophysiological pathways are provided, appears the most
promising strategy that goes beyond the limits of the current management of HF. However,
biomarkers can be also useful in showing new pathophysiologic pathway, representing possible novel
therapeutic target. Valuable examples are the hormone deficiencies and the gut-axis, which
demonstrated a role not only as biomarker of disease, but also as index of worse cardiovascular
performance and poor outcome.
In conclusions, biomarkers can be considered as powerful tools in the clinical management of heart
failure; however, it is important to know the proper role and the intrinsic characteristics of the single
biomarker, with the possibility of combine different biomarkers as strategy to fill the current gap in
evidence in HF management.
In this context, as the final result of the investigation at the basis of the present thesis, the most
valuable approach seems to be the multi-parameter approach, specifically when different types of
biomarkers (e.g. circulating and imaging) and biomarkers from different pathophysiological pathways
are combined. Further, herein it has been spotlighted that several biomarkers have different
potential roles, identifying for the first time the concept of a ‘biomarker continuum’ in HF468.
Unexplored lands open up on our horizon and, unarguably, in the very next future novel biomarkers
will be added in the everyday clinician quiver.

Figure. Identified roles for biomarkers in Heart Failure. Green box: well established and supported by

data. Yellow box: promising but not yet recommended.
From: Salzano A et al. Heart Fail Clin. 2021 Apr;17(2):223-243. doi: 10.1016/j.hfc.2021.01.002.

Figure. The continuum of the biomarker clinical utility in heart failure.

From: Salzano A et al. Heart Fail Clin. 2021 Apr;17(2):223-243. doi: 10.1016/j.hfc.2021.01.002.
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