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Abstract

Aims Although preliminary studies have demonstrated safety and effectiveness of single replacement therapy for growth
hormone deficiency or testosterone deficiency in heart failure (HF), no data are available regarding the combined treatment
with both GH and T in this setting. Thus, the aim of the present hypothesis generating pilot study was to evaluate the effec-
tiveness and safety of multiple hormonal replacement therapies in chronic HF.
Methods and results Five stable HF with reduced ejection fraction patients, with a concomitant diagnosis of growth hormone
deficiency and testosterone deficiency, on top of guideline-based HF treatment underwent 1 year of GH replacement therapy
by subcutaneous injections of somatotropin at a dose of 0.012 mg/kg every second day. After 12 months, a T replacement
treatment was added at a dosage of 1000 mg every 3 months. Each patient underwent a complete M-mode, two-
dimensional, and Doppler echocardiographic examination, and an incremental symptom-limited cardiopulmonary exercise test
on a bicycle ergometer at baseline (BL), after 1 year of GH treatment (V1), and after 1 year of combined GH + T treatments (V2).
One-year of GH treatment resulted in a significant improvement in left ventricular ejection fraction (+5.4%, P< 0.01), New York
Heart Association functional class (P < 0.05), and peak oxygen consumption (VO2 peak) (+19.3%, P < 0.01), and in a significant
reduction in NT-proBNP levels (�35.1%, P < 0.01). Notably, one additional year of combined GH and T replacement therapy
induced a further increase in VO2 peak (+27.7%, final delta change + 52.44%, P < 0.01), as well as a significant improvement
in muscular strength, as assessed by handgrip dynamometry (+17.5%, final delta change + 25.8%, P < 0.01). These beneficial
effects were paralleled with an improvement of the overall clinical status (as assessed by New York Heart Association class). Of
note, neither adverse effects nor cardiovascular events were reported during the follow-up period.
Conclusions Our preliminary data suggest for the first time that combined replacement therapy with GH and T could be con-
sidered safe and therapeutic in HF patients with multiple hormone deficiencies, supporting the hypothesis that multiple hor-
mone deficiencies syndrome can be considered as a novel and promising therapeutic target in HF. Further studies with a
more robust design and larger population are needed.
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Introduction

Growing evidence suggests that multiple hormone deficien-
cies (MHD) are common in heart failure (HF) patients and
are related to impaired cardiovascular performance and poor

outcome.1–6 Preliminary clinical trials of single hormone re-
placement therapy to treat growth hormone deficiency
(GHD)7–9 or testosterone deficiency (TD)10–12 have reported
promising results, showing both safety and effectiveness in
HF patients.
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Notably, although MHD syndrome affects at least one third
of the HF population,2,4,5 no data are available so far dwelling
upon combined GH and T treatment in HF patients. This infor-
mation is of great relevance because 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 pa-
tients with reduced ejection fraction. Thus, we have investi-
gated for the first time the effectiveness and safety of
combined GH and T replacement therapy in the clinical set-
ting of stable chronic HF.

Methods

Five stable chronic HF patients with reduced ejection fraction
[New York Heart Association (NYHA) Classes II to III], a sub-
group of the control cohort of a previous protocol
(NCT01576861),8,9 with the diagnosis of both GHD, using
the growth hormone releasing hormone plus arginine stimula-
tion test, and TD, according to published guidelines,13,14

underwent 1 year of GH replacement therapy to correct
GHD by subcutaneous injections of somatotropin (recombi-
nant DNA origin) (Saizen©, Merck Serono International, Ge-
neva, Switzerland) at a dose of 0.012 mg/kg every second
day, on top of guideline-based HF therapy.15 After 12months,

because of the presence of signs and symptoms of TD, pa-
tients 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
and 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, two-
dimensional, and Doppler echocardiographic examination
and an incremental symptom-limited cardiopulmonary exer-
cise test 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 per-
formed at baseline were repeated annually, while intermedi-
ate 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 dose15 from at least 3 months before
the start of hormone deficiencies (HD) replacement therapy
in order to minimize possible confounding effects.

Normally distributed continuous variables were expressed
as mean ± standard deviation, whereas continuous data with
skew distributions were expressed as median and interquar-
tile range. Categorical variables were expressed as counts
and percentages. The distribution of the parameters was
tested with Kolmogorov–Smirnov test. The intergroup differ-
ences 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

Table 1 Detailed characteristics of each patient at time of enrolment

ID patients 1 2 3 4 5

Age (year) 62 55 70 67 48
BMI (kg/m2) 30 28 31 25 36
NYHA class 2 3 3 2 3
EF (%) 40 26 27 39 35
Peak VO2 (mL/min/kg) 20.9 13.8 18.6 15.8 19.2
VE/VCO2 slope 25.8 34.6 22.5 28.1 32.4
NT-pro BNP (pg/mL) 211 497 1031 352 992
ESVi (mL/m2) 174 179 178 140 187
EDVi (mL/m2) 291 242 244 229 288
Handgrip (kg) 31 33 21 27 43
Glycaemia (mg/dL) 87 98 92 85 79
Insulin (microU/mL) 17.15 5.05 3.38 4.11 14.5
HOMA IR index 3.68 1.22 0.77 0.86 2.82
IGF-1 (ng/mL) 51 63 46 30 133
Total Testosterone (ng/dL) 202 190 187 142 144
SHBG (nmol/L) 36.2 57.9 24.2 43.4 36.5
Free testosterone (ng/dL) 3.60 2.34 3.40 1.52 2.39
Bioavailable testosterone (ng/dL) 84.5 58.8 97.8 52 60.4

BMI, body mass index; EDV, end diastolic volume; EF, ejection fraction; ESV, end systolic volume; HOMA-IR, homeostasis model assess-
ment- insulin resistance; IGF-1, insulin growth factor-1; NT-pro BNP, serum amino terminal fragment of the pro-hormone brain type na-
triuretic peptide; NYHA, New York Heart Association; VCO2, carbon dioxide production; VE, ventilation per minute; VO2, oxygen
consumption.
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sample test. Non-normally distributed parameters were com-
pared 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 in-
crease 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 signifi-
cant 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 ad-
dition of T replacement therapy for an additional year, cardio-
pulmonary 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 in-
creased by an average of 5.84 mL/min/kg, (+ 27.7%, final
delta change from baseline 52.4%, P < 0.01). A 17.5% im-
provement in handgrip performance was equally observed (fi-
nal delta change of 25.8%, P < 0.01). All these results were
paralleled by a striking improvement in NYHA class and a re-
duction in NT-pro BNP levels (P < 0.01) (Figure 1). As ex-
pected, total testosterone and sex hormone binding globulin
levels, which remained substantially stable during the first
phase of the study, changed following T treatment. In partic-
ular, total testosterone increased, whereas sex hormone
binding globulin decreased (+132.9% and �40.1%, respec-
tively), resulting in a significant increase in free T and bioavail-
able T (+261.5% and +308.3%, respectively). HF treatment
dosages (all patients were treated with evidence-based
therapies—beta-blockers, ACE/ARBs, and MRA—at a targeted
dose from at least 3 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 oe-
dema, arthralgia, myalgia, and carpal tunnel syndrome) nor
during combined therapy (GH + T). Following T treatment,

Figure 1 Value at baseline (BL), after 1 year of growth hormone (GH) treatment (V1), and 1 year of GH treatment + testosterone treatment (V2) for
selected parameters. EF, ejection fraction; NT-pro BNP, serum amino terminal fragment of the pro-hormone brain type natriuretic peptide; NYHA, New
York Heart Association; VO2,: oxygen consumption. *P < 0.01 respect BL; ^P < 0.01 V2 respect V1.
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no significant changes were observed with regard to prostatic
specific antigen and haematocrit. One patient during GH
treatment and one patient during the GH + T treatment had
a self-limiting flu-like syndrome, which did not require any
medical intervention and were not related to drug administra-
tion. 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 bene-
ficial effects on a wide array of cardiovascular parameters.
Consistently with previous findings related to GH or T treat-
ment,16–20 in our population, GH appears to improve mostly
LV architecture and function (as mainly demonstrated by
the EF improvement),9,16,17 while testosterone therapy re-
sults in ameliorated skeletal muscle performance, possibly
due to peripheral vasodilation and improvement in oxygen
delivery to skeletal muscle, and slightly reduction in insulin re-
sistance.12,18,21 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.22–24 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.25,26 In this regard, the American Heart Association rec-
ommends to test for GHD in patients with dilated cardiomy-
opathy who have signs and symptoms of GHD,27 and the
eventual presence of the primary deficit in GH levels should
be appropriately treated (namely, GH cardiomyopathy).27

Most recent European guidelines considered T therapy as a
possible treatment for cachexia and sarcopenia in combina-
tion with nutritional supplements.15

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 ob-
served phenomena. Finally, it is not possible to clearly dis-
criminate the effects of the two treatments on each
different variable. All these limitations are related to the de-
sign 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 investi-
gated the effects of combined GHD and TD replacement ther-
apy in HF. Thus, these promising preliminary results could be
viewed as a background for the implementation of more ro-
bust clinical trials.

In conclusion, despite several limitations, the data from this
hypothesis generating pilot study support the idea that the
combination of GH and T replacement therapy in the treat-
ment of concomitant HD seems to have beneficial effect on
the cardiovascular performance in HF patients. However, fur-
ther studies on larger populations and with a more robust
study design are needed.
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