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Aims Recent evidence supports the occurrence of multiple hormonal and metabolic deficiency syndrome (MHDS) in
chronic heart failure (CHF). However, no large observational study has unequivocally demonstrated its impact on
CHF progression and outcome. The T.O.S.CA. (Trattamento Ormonale nello Scompenso CArdiaco; Hormone
Treatment in Heart Failure) Registry has been specifically designed to test the hypothesis that MHDS affects
morbidity and mortality in CHF patients.
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Methods
and Results

The T.O.S.CA. Registry is a prospective, multicentre, observational study involving 19 Italian centres. Thyroid
hormones, insulin-like growth factor-1, total testosterone, dehydropianoandrosterone sulfate, insulin resistance, and
the presence of diabetes were evaluated. A MHDS was defined as the presence of >_2 hormone deficiencies (HDs).
Primary endpoint was a composite of all-cause mortality and cardiovascular hospitalizations. Four hundred and
eighty heart failure patients with ejection fraction <_45% were enrolled. MHDS or diabetes was diagnosed in 372
patients (77.5%). A total of 271 events (97 deaths and 174 cardiovascular hospitalizations) were recorded, 41% in
NO-MHDS and 62% in MHDS (P < 0.001). Median follow-up was of 36 months. MHDS was independently associ-
ated with the occurrence of the primary endpoint [hazard ratio 95% (confidence interval), 1.93 (1.37–2.73),
P < 0.001] and identified a group of patients with a higher mortality [2.2 (1.28–3.83), P = 0.01], with a graded
relation between HDs and cumulative events (P < 0.01).

....................................................................................................................................................................................................
Conclusion MHDS is common in CHF and independently associated with increased all-cause mortality and cardiovascular

hospitalization, representing a promising therapeutic target.
....................................................................................................................................................................................................
Trial
registration

ClinicalTrials.gov identifier: NCT023358017
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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%.1,2 Given such disheartening statistics, an im-
perative need is to search for novel therapeutic approaches capable
of slowing disease progression and improving survival.3,4 In this regard,
the neurohormonal model, conjecturing CHF pathophysiology as sus-
tained by an excessive activation of numerous pathways, including the
sympathetic, renin–angiotensin–aldosterone, and cytokine systems,
provided a theoretical framework supporting the actual therapy.3,4

Such an approach, although partially successful, has not fulfilled all the
promises, and CHF prognosis remains modest.1,2 However, to com-
plement the paradigm of neurohormonal activation, a concomitant re-
duction of anabolic hormonal axes seems to potentially play an
important role in CHF progression and prognosis.5 Specifically, the
so-called multiple hormonal and metabolic 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.5–9 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.5–

10 In addition, insulin resistance (IR), with or without coexisting overt
hyperglycaemia and type 2 diabetes (T2D), appears to have an inde-
pendent role in the pathogenesis and prognosis of CHF.11 Indeed, in
previous preliminary report investigating the impact of hormone defi-
ciencies (HDs) in CHF, the role of IR has been ignored, and the effect
of T2D disregarded. Furthermore, promising results observed in re-
cent 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.12 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 HDs 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 in a prospective multicentre observation-
al registry the prevalence, the clinical significance, and the
prognostic impact of HD, alone or combined (i.e. MHDS) in CHF.13

Methods

Study population
Study design and population baseline characteristics have been previously
described.13 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 recent acute
decompensation, acute coronary syndrome (<6 months), severe liver
(Cirrhosis Child-Turcotte-Pugh B-C), and/or kidney disease
(creatinine level > 2.5 mg/dL) or active malignancy, on stable medications
for at least 3 months, including any beta-blocker (started at least 6 months
before entering the study). Patients with history of current hormonal
treatment or overt endocrine diseases were excluded.

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 end-
point committee adjudicated the outcome. Secondary endpoint was the
delta change in maximal oxygen consumption (peak VO2) from baseline,
when a follow-up cardiopulmonary exercise test was performed (not
mandatory, based on clinical judgement and centre availability).

Study procedures and statistical plan
Study procedures, previously described,13 are available as Supplementary
material online. In brief, blood samples were collected by venepuncture
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..after overnight fast. To obtain serum and plasma, samples were centri-
fuged within 30 min, frozen, and stored at -80� C until assayed. Brain natri-
uretic peptide levels were assessed using a point-of-care device
(RapidPIATM, Sekisui Medical Co, Tokyo, Japan) in a dedicated core-lab
(John and Lucille van Geest Biomarker Facility, University of Leicester,
UK). Single HD was defined as described in Table 1. Patients were divided
in two groups: (i) patients with one or no HD (NO-MHDS) and (ii)
patients with two or more HDs (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
Normally distributed continuous variables were expressed as mean ±
standard deviation, whereas continuous data with skewed distributions
were expressed as median (interquartile range). Categorical variables
were expressed as counts and percentages. The distribution of the
variables was tested with Kolmogorov–Smirnov test.

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 an MHDS.

For the multivariable analyses, established predictors of poor outcome
in heart failure were employed as variables (i.e. age, sex, aetiology, New
York Heart Association (NYHA) class, LVEF, obesity, impaired haemoglo-
bin levels, atrial fibrillation, impaired estimated glomerular filtration rate
(eGFR), and B-type natriuretic peptide (BNP); peak VO2 has been
excluded because not available for all patients). 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 hazard
ratio (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.

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 ana-
lysis. No patient was lost to follow-up. Demographic characteristics
at baseline of the final cohort are described in Table 2. No differences
were found with regard to heart failure treatment and follow-up dur-
ation between the two groups. There were no significant differences
(including heart failure treatment and duration of follow-up) 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 one HD, 32.9% two HD, 27.9% three
HD, and 13.8% four or more HD. When patients with T2D were
excluded from the analysis, among the remaining 360 patients, 8% dis-
played no HD, 22% only one HD, 34% two HD, 27% three HD, and
10% four or more HD.

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

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

Table 1 Definition of hormone deficiencies and their prevalence

Hormone deficiency Value for diagnosis prevalence of hormone deficiencies

Total population

(N 5 480)

Men

(N 5 386)

Women

(N 5 94)

IGF-1 deficiency Serum IGF-1 levels below the 33rd percentile of an age-matched

healthy control population:
• age < 55 years: 122 ng/mL
• 55 years < age < 64.9 years) 109 ng/ml;
• 65 years < age < 74.9 years: 102 ng/dL
• age > 75 years: 99 ng/dL

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%)

DHEAS deficiency Serum DHEA-S levels lower than 80 lg/dL 314 (65.4%) 241 (62.4%) 73 (77.7%)

Insulin-resistance Type 2 diabetes mellitus (T2D) or HomeOstasis Model Assessment

(HOMA) greater than 2.5 (HOMA= insulin (mcU/mL) � glucose

(mmol/L)/22.5

308 (64.2%) 244 (63.2%) 64 (68.1%)

Low T3 syndrome Serum free T3 lower than 3.1 mmol/L with TSH levels within normal

range

33 (6.9%) 24 (6.2%) 9 (9.6%)

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.
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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—20% and 174 cardiovascular hospitalizations—
36%). As shown in Figure 1A, 62% of patients in the MHDS group
(221 events: 82 deaths—23% and 139 cardiovascular hospitaliza-
tions—39%), compared with only 41% of patients in the NO-MHDS
group (50 events: 15 deaths—12% and 35 cardiovascular hospitaliza-
tions—29%), reached the primary endpoint, resulting in a 50% in-
crease 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 (n = 107)
(36 events: 11 deaths—10% and 25 cardiovascular hospitalizations—
23%) and 60% of patients in the MHDS group (n = 253) (151 events:
52 deaths—52% and 99 cardiovascular hospitalizations—39%)

experienced the primary endpoint (P < 0.001), with an increased risk
of outcome of more than 75% in the MHDS. When we performed
the analysis in T2D patients (n = 120), 90% of the 31 MHDS patients
experienced the primary endpoint, as compared with only 75% in the
89 NO-MHDS (P < 0.01).

Prognosis
Single predictors

In the univariate Cox proportional hazard regression analyses
(Figure 2), the following variables were associated with mortality and
cardiovascular hospitalization: age, advanced NYHA classes, LVEF,
BNP, and anaemia. With regard to specific HD, testosterone
deficiency (TD) [1.59 (1.25–2.01), P < 0.001], DHEAS deficiency
(DHEAS-D) [1.40 (1.07–1.81), P = 0.011], IGF-1 deficit [1.43
(1.13–1.82), P = 0.003], and IR impairment [i.e. patients with
abnormal HOMA index or T2D [1.34 (1.03–1.73), P = 0.03] were
associated with the primary outcome. Furthermore, 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 (1.21–1.52),
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 hospitalization [1.81
(1.29–2.54), P = 0.001] (Figure 1B and C). When the analysis was per-
formed 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],
as well as when we performed the analysis only in T2D patients
(n = 120) [HR 1.87 (1.15–3.05), 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 [one HD: HR 1.43 (0.65–3.13), P = 0.37; two 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 significant-
ly 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, aeti-
ology, 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].

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

Table 2 Demographic characteristics at baseline of
final cohort

Variables Cohort (n 5 480)

Age (years) 63.7 ± 11.5

Sex (% male) 80.4

NYHA (% I/II/III/IV) 11/54/33/2

Aetiology (% ischaemic) 52.7

Yr. of disease 7 (2–12)

Systolic blood pressure (mmHg) 121 ± 17

Diastolic blood pressure (mmHg) 74 ± 10

Type 2 diabetes mellitus, n (%) 120 (25)

BMI (kg/m2) 28.6 ± 5.4

eGFR (mL/min per 1.73 m2) 86 ± 41

NT pro BNP (pg/mL) 909 (284–2521)

Left ventricular EF (%) 32.3 ± 7.2

Atrial fibrillation (%) 11.2

ICD (%) 36

CRT (%) 11.7

Medication (%)

B-blocker 87.5

ACE-I/ARBs 86

MRA 39

Diuretics 69.4

Amiodarone 15.8

Digoxin 9.2

Antiplatelets 49

Antithrombotic 27.9

Lipid-lowering medications 51.9

Ivabradine 11

Antidiabetics 15.2

Insulin 10.6

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 (CKD-EPI); ICD,
implantable cardioverter-defibrillator; NYHA, New York Heart Association;
NT pro BNP, N-terminal proB-type natriuretic peptide.
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The presence of T2D was also significantly associated with the pri-
mary 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 as-
sumption for each covariate included in the Cox regression model
(v2 = 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 (1.13–1.43),
P < 0.001]. When diabetic patients were excluded, the presence of
increasing number of HD remained associated with an increased risk
of primary outcome [one HD: HR 1.72 (0.71–4.22), P = 0.23; two

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 per-
formed across TD, DHEA-S D, low IGF-1, HOMA-IR, T2D, and low
T3 for composite endpoint from enrolment (Supplementary material
online, Figures S1 and S2).

The presence of TD, DHEAS-D, low IGF-1, or T2D, were inde-
pendently associated with outcome (P < 0.001, P = 0.005, P < 0.001,
and P < 0.001, respectively). Patients without HD had the best sur-
vival 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

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, A), all-cause mortality [1.02 (1.01–1.03), P = 0.001] (B), and cardiovascular hospitaliza-
tion [1.02 (1.01–1.03), P = 0.001] (C), in patients with one or no hormonal deficiencies (NO-MHDS, n = 122) vs. patients with two or more hormonal
deficiencies (MHDS, n = 358). Log-rank testing was applied for calculation of P-values. MHDS, multiple hormonal and metabolic deficiencies
syndrome.
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..the consequent relatively low event rate, in a sub-analysis performed
up to 30 months, there was a significant association with the compos-
ite of all-cause mortality and cardiovascular hospitalization (P = 0.02).
No interactions were found between the five HD considered, sug-
gesting a similar role of each HD in determining the primary
endpoint.

Cardiopulmonary performance and echocardiographic

findings

At baseline, patients with MHDS displayed an impaired cardiopul-
monary 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 left ventricular morphology, neither systolic nor diastolic function
(LVEF 32.3 ± 6.9 and 32.1 ± 7.3%; left ventricular end-diastolic diam-
eter 63.5 ± 8.5 and 62.3 ± 8.5 mm; left ventricular end-diastolic vol-
ume 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 from baseline during
follow-up, available data (about 20% of final cohort) showed that
MHDS patients displayed a more severe impairment when compared
with NO-MHDS patients (data expressed as delta changes from
baseline: -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 heart failure patient with ejection fraction <_45%, we docu-
ment several novel findings: (i) 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 hor-
mone and metabolic deficiency syndrome (MHDS); (ii) the presence
of MHDS identifies a group of patients at increased risk of mortality
or cardiovascular hospitalization; (iii) there is a graded relation be-
tween the number of HD and total events, suggesting a possible
causal role of MHDS in CHF; and (iv) T2D, but not IR, exerts a nega-
tive role on CHF survival and prognosis.

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).
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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 down-regulation/impairment of hormone
activities has emerged.5 Such a pathophysiological model stems from
several independent studies documenting that isolated HD (i.e. ad-
renal, somatotropic, gonadal, thyroid, and insulin axes) were associ-
ated with the impairment of clinical status and physical performance,
and with poor survival.6,10,11,14–16 However, data available in the lit-
erature are scattered, lacking an overall view of the phenomenon. In
addition, even when the effects of the combination of HDs have been
studied in smaller cohorts, IR or diabetes have been disregarded.6

The T.O.S.CA. registry overcomes this limitation, adding valuable in-
formation in the topic, in view of the even more emerging role of IR
or diabetes as relevant players in the pathogenesis of CHF.12

The T.O.S.CA. registry shows that more than 90% of the patients
with CHF have at least one HD. Consistently with previous results,
the presence of TD, DHEAS-D, or IGF-1 deficiency were independ-
ently 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 in-
flammatory activation.17–20 GH deficiency is also associated with
impaired clinical status, left ventricular remodelling, right ventricular
dysfunction, and increased mortality.14 Likewise, TD is associated
with significant impairment of skeletal muscle function and exercise
capacity,21–23 as well as a dysregulation of metabolic profiles, with
increased risk of metabolic syndrome and new onset of T2D.24

Similarly, low T3 syndrome has been associated with worse

cardiovascular performance and increased mortality in CHF,15 and
restoring circulating thyroid hormone levels in low T3 syndrome
CHF patients has been shown to improve cardiac output and induce
neurohormonal deactivation.25 IR and T2D have been associated
with the severity of CHF, as testified by impaired 6-min walking test
and reduced peak VO2.

10,25,26

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 com-
plex 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.27 On the other hand, when
patients with IR without T2D were investigated, we did not find any
effect of IR on the prognosis of heart failure. 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 re-
sistance (i.e. glitazones), were non-effective in CHF, whereas drugs
having no direct effect on insulin sensitivity (i.e. sodium-glucose co-
transporter-2 inhibitors). 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 sur-
vival in CHF, further suggesting their causal role in CHF progres-
sion.10,11,13–18,27 Current data do not display that a single hormonal
defect has a predominant effect on morbidity and mortality com-
pared with the others: except low T3, the survival curves related to
the individual hormones display a similar divergence over time, point-
ing to the concept that each HD bears similar effect on outcome,
while their aggregation portends to worse prognosis. Indeed, accord-
ing 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 heart failure
Our report showed that the coexistence of at last two HD (i.e.
MHDS) is very common, involving about 75% of subjects; notably,
MDHS is strongly associated with impaired cardiovascular perform-
ance 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.6–8 Specifically, in a cohort of 208 male
CHF patients, it has been demonstrated that the coexistence of at
least two HD, among low levels of IGF-1, total testosterone, or
DEHA-S (about 50% of the population) was associated with reduced
survival.6 More recently, in 107 male patients, an MHDS has been
described in about 30% of the population, with an association be-
tween the number of HD and the outcome.7 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 heart failure
with preserved ejection fraction.8

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), three, or more than 4 (n =
200) hormonal deficiencies [1.35 (1.21–1.52), P < 0.001]. Log-rank
testing was applied for calculation of P-values. MHDS, multiple hor-
monal and metabolic deficiencies syndrome.
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Going further these findings, we investigated a broader and more

complete panel of hormones, showing also the impact of thyroid HD
and IR/T2D. In the current report, we demonstrate, for the first time,
that MHDS has an independent and heavy effect of mortality or
cardiovascular hospitalization.

A further strength of the present report is that female patients rep-
resent 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 heart failure
patients and the unmet need to better characterize 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 base-
line 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.5

Translational perspective
The demonstration that hormones play a pivotal role in CHF pro-
gression and predict survival opens novel therapeutic horizons.
While most circulating biomarkers are accepted as molecular signa-
tures capable of predicting relevant disease states or clinical out-
comes or guiding therapy, HDs are endowed with the potential
advantage of being correctable with appropriate replacement ther-
apy, with preliminary positive results available in literature.23,28–33.
Findings from the T.O.S.CA. Registry suggest to searching for HD in
patients with heart failure as promising therapeutic targets and sup-
port the need for clinical trials aimed to demonstrate the potential
benefits of hormonal replacement therapy.

Limitations
The observational character of our study is acknowledged.13

Therefore, the study was not designed to elucidate the putative bio-
logical mechanism of HD in CHF. However, observational studies are
more appropriate to describe the natural history of a disease and to

Figure 4 Multivariable models of Cox proportional hazard analysis. Adjusted hazard ratios for outcome (composite of all-cause mortality or cardio-
vascular 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). AF, atrial fibrillation; Anaemia defined as Hgb < 10 mg/dL; BNP, B-type natriuretic peptide;
EF, ejection Fraction; Impaired eGFR defined as creatinine clearance <60 mL/min; MHDS, multiple hormonal and metabolic deficiency syndrome;
NYHA, New York Heart Association; Obesity defined as BMI > 30 g/m2.
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.
generate or confirm new pathophysiological hypothesis.34

Furthermore, 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.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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T.O.S.CA. (Trattamento Ormonale Scompenso CArdiaco) Investigators. Growth
hormone deficiency is associated with worse cardiac function, physical perform-
ance, and outcome in chronic heart failure: insights from the T.O.S.CA. GHD
Study. PLoS One 2017;12:e0170058.

15. Iervasi G, Pingitore A, Landi P, Raciti M, Ripoli A, Scarlattini M, L’Abbate A,
Donato L. Low-T3 syndrome—a strong prognostic predictor of death in patients
with heart disease. Circulation 2003;107:708–713.

16. Jankowska EA, Rozentryt P, Ponikowska B, Hartmann O, Kustrzycka-Kratochwil
D, Reczuch K, Nowak J, Borodulin-Nadzieja L, Polonski L, Banasiak W, Poole-
Wilson PA, Anker SD, Ponikowski P. Circulating estradiol and mortality in men
with systolic chronic heart failure. JAMA 2009;301:1892–1901.

17. Niebauer J, Pflaum CD, Clark AL, Strasburger CJ, Hooper J, Poole-Wilson PA,
Coats AJS, Anker SD. Deficient insulin-like growth factor I in chronic heart failure
predicts altered body composition, anabolic deficiency, cytokine and neurohor-
monal activation. J Am Coll Cardiol 1998;32:393–397.

18. Anker SD, Volterrani M, Pflaum CD, Strasburger CJ, Osterziel KJ, Doehner W,
Ranke MB, Poole-Wilson PA, Giustina A, Dietz R, Coats AJS. Acquired growth
hormone resistance in patients with chronic heart failure: Implications for therapy
with growth hormone. J Am Coll Cardiol 2001;38:443–452.

19. D’Assante R, Napoli R, Salzano A, Pozza C, Marra AM, Arcopinto M, Perruolo G,
Milano S, Formisano P, Saldamarco L, Cirillo P, Cittadini A. Human heart shifts
from IGF-1 production to utilization with chronic heart failure. Endocrine 2019;
65:714–716.

20. D’Assante R, Arcopinto M, Rengo G, Salzano A, Walser M, Gambino G, Monti
M, Bencivenga L, Marra A, Aberg D, De VC, Ballotta A, Bossone E, Isgaard J,
Citadini A. Myocardial expression of somatotropic axis, adrenergic, and calcium
handling genes in heart failure with preserved ejection fraction and heart failure
with reduced ejection fraction. ESC Heart Fail 2021; doi: 10.1002/ehf2.13067.

21. Pugh PJ, Jones RD, West JN, Jones TH, Channer KS. Testosterone treatment for
men with chronic heart failure. Heart 2004;90:446–447.

22. Malkin CJ, Pugh PJ, West JN, van Beek EJR, Jones TH, Channer KS. Testosterone
therapy in men with moderate severity heart failure: a double-blind randomized
placebo controlled trial. Eur Heart J 2006;27:57–64.

23. Caminiti G, Volterrani M, Iellamo F, Marazzi G, Massaro R, Miceli M, Mammi C,
Piepoli M, Fini M, Rosano GMC. Effect of long-acting testosterone treatment on
functional exercise capacity, skeletal muscle performance, insulin resistance, and
baroreflex sensitivity in elderly patients with chronic heart failure a double-blind,
placebo-controlled, randomized study. J Am Coll Cardiol 2009;54:919–927.

24. Oh JY, Barrett-Connor E, Wedick NM, Wingard DL. Endogenous sex hormones
and the development of type 2 diabetes in older men and women: the Rancho
Bernardo Study. Diabetes Care 2002;25:55–60.

25. Pingitore A, Galli E, Barison A, Iervasi A, Scarlattini M, Nucci D, L’Abbate A,
Mariotti R, Iervasi G. The acute effects of triiodothyronine replacement therapy
in patients with chronic heart failure and low T3 syndrome: a randomised,
placebo-controlled study. Eur Heart J 2007;28:648–648.

26. Swan JW, Anker SD, Walton C, Godsland IF, Clark AL, Leyva F, Stevenson JC,
Coats AJS. Insulin resistance in chronic heart failure: Relation to severity and eti-
ology of heart failure. J Am Coll Cardiol 1997;30:527–532.

27. Chandramouli C, Teng T-HK, Tay WT, Yap J, MacDonald MR, Tromp J, Yan L,
Siswanto B, Reyes EB, Ngarmukos T, Yu C-M, Hung C-L, Anand I, Richards AM,
Ling LH, Regensteiner JG, Lam CSP, Mark Richards A, Lam CSP, Anand I, Hung
C-L, Ling LH, Liew HB, Narasimhan C, Ngarmukos T, Park SW, Reyes E,
Siswanto BB, Shimizu W, Zhang S; on behalf of the ASIAN-HF Investigators.
Impact of diabetes and sex in heart failure with reduced ejection fraction patients
from the ASIAN-HF registry. Eur J Heart Fail 2019;21:297–307.

28. Arcopinto M, Bobbio E, Bossone E, Perrone-Filardi P, Napoli R, Saccà L, Cittadini
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