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Chronic heart failureisamulti-etiological cardiovascular disorder with high prevalence and poor
prognosis. Medical treatment of dilated cardiomyopathy isaimed at alleviating heart failure symptoms.
Diuretics, angiotensin-converting enzyme (ACE) inhibitors and very recently, beta-blockers have
been shown to have favor able effects on symptoms, exer cise capacity and mortality. Growth hormone
(GH) and insulin-like growth factor (IGF)-1 areinvolved in several physiological processes such asthe
control of musclemassand function, body composition and regulation of nutrient metabolism. Therole
of GH and | GF-1 as modulators of myocardial structure and function iswell established. Receptors
for both GH and |GF-1 areexpressed by car diac myocytes; therefore, GH may act directly on the heart
or viatheinduction of local or systemic |GF-1, while IGF-1 may act by endocrine, paracrine or au-
tocrine mechanisms.

Patientswith acromegaly have an increased propensity to develop ventricular hypertrophy and car-
diovascular diseases, impaired cardiac efficiency can also be observed in patientswith GH deficiency.

Animal models of pressure and volume overload have demonstrated up-regulation of cardiac
I GF-1 production and expression of GH and | GF-1 receptors, implying that thelocal regulation of these
factorsisinfluenced by hemodynamic changes. M oreover, experimental studies suggest that GH and
IGF-1 have stimulatory effects on myocardial contractility, possibly mediated by changesin intracel-
lular calcium handling.

Heart failureisdueto ventricular dilation with inadequatewall thickening that leadsto impaired
cardiac performance; therefore, based on previous evidence we would expect beneficial effects from
the use of GH in these patients.

Several papers have highlighted the positive influence of GH in the regulation of heart develop-
ment and performance. In patientswith GH deficiency, GH administration dramatically improves car -
diac function. In small open studies, acuteand chronic GH treatment has demonstrated beneficial ef-
fectsin patientswith heart failure due to ischemic or idiopathic cardiomyopathy. Recently, two ran-
domized, placebo-controlled studies did not show any significant GH-mediated improvement in car-
diac performancein patientswith dilated cardiomyopathy, despite significant increasesin |GF-1.

Acquired GH resistance might be an important feature of severe heart failure and explain the di-
ver seresponsesto GH therapy observed in different patients.

Whether GH treatment will finally find a place in the treatment of heart failure, and with which
modalities, remainsto be established.

(Ital Heart J2000; 1 (11): 732-738)

Growth hormone and the heart:
physiological and pathophysiological
aspects

ing GH in humansislocated on thelong arm
of chromosome 17. Several minor variants
of GH existinthecirculation. A 20 kD vari-
ant devoid of residues 32-46 lacks both the
insulin-mimetic and lipolytic properties of
the 22 kD native hormone2. The GH gene
and its mRNA transcript have five exons
separated by four introns. The human ade-
nohypophysis contains 5 to 10 mg of GH,
which is synthesized and stored in soma

Growth hormone: structure, metabolism
and actions. Structure. Growth hormone
(GH) is secreted by the somatotrope cells of
the anterior pituitary gland!l. GH, a 191
amino acid with a molecular weight of 22
kD, single-chain peptide sharing marked
structural homology with human placental

lactogen and prolactin, is central to the en-
docrine control of growth. The gene encod-

732

totropic cells. These cells make up 35 to
45% of the gland. They are not uniformly
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distributed but are located predominantly in the lateral
wings of the pituitary.

Metabolism?. GH disappears from plasma after rel ease
from the pituitary with an initial half-life of about 20 to
25 min. The clearance rate for human GH as deter-
mined by the constant infusion method is between 100
and 150 mi/m2 of body surface/min. Clearancerateis not
influenced by age or sex. GH secretory rates cannot be
estimated from basal GH levelsand the metabolic clear-
ance of GH because of the marked fluctuationsin hor-
mone concentration throughout the day and night. The
mean concentration of GH in plasma, calculated from
continuous or repetitive blood sampling over a24-hour
period, is2to 4 ng/ml in young adults and 5 to 8 ng/ml
in children and adolescent boys and girls. On the basis
of the mean plasma GH level and its metabolic clearance,
the 24-hour secretion rate in young men is about 1 to 2

mg/day.

Actions. Direct effects of GH can be demonstrated in a
number of isolated tissues and organst. GH receptorsare
present in human liver membranes, adipocytes, fibro-
blasts, and lymphaocytes. In each case, binding is specific
for human GH and occurs via dimerization of the re-
ceptor and by activating a JAK-STAT transcription. The
actions of GH include stimulation of skeletal and mus-
cle growth, promoation of cellular uptake of amino acids,
and regulation of lipolysis. GH also has anti-insulin ef-
fects. Some of the growth-promoting and metabolic ef-
fects of GH are mediated by the generation of insulin-
like growth factor (IGF)-1. Most of the IGF-1 is syn-
thesized in the liver and kidney and circulatesin plas-
ma bound to protein carriers (IGFBPs), although local -
ly synthesized IGF-1 in other tissues a so appearsto be
important in mediating GH effects. IGF-1 is structural-
Iy homol ogous to proinsulin, which may explain many
of itsinsulin-like effects. IGF-1 isasingle-chain protein
with 70 amino acids coded for by a gene on chromosome
12. IGF-1 stimulates proliferation of cartilage and syn-
thesis of cartilage matrix chondroitin sulfate. IGF-1 has
much longer serum half-life than GH and therefore may
facilitate tissue growth by acting in concert with GH and
other growth factors. The IGFBPs are afamily of recently
characterized proteinsthat bind |GF-1 and modulate its
action at the tissue level5. IGFBP-3 is the major circu-
lating form of IGFBP and its main physiologica roleis
the binding of free IGF-1 and thereby increasing its
circulating half-life and biological activity. Because
|GFBP-3 is GH-dependent, but has a prolonged half-life
compared to GH and does not exhibit pul satility or acir-
cadian pattern, it isan integrated marker of somatotroph
function.

Physiological regulation of growth hor mone secretion.
GH secretion is under the control of two hypothalamic
peptides’; GH-releasing hormone (GHRH), a peptide of
44 amino acids, which stimulates GH release; somato-
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statin, which can exist both as 14 and 28 amino acid pep-
tides, and inhibits GH secretion. GH secretion is regu-
lated by negative feedback and neural control mecha
nisms. Both GH and IGF-1 inhibit GH secretion after in-
traventricular injection by promoting hypothal amic so-
matostain release. Presumably, physiological concen-
trations of GH and | GF-1 reaching the hypothalamusin
the bloodstream act in the same way (increase in so-
matostatin tone). In addition, |GF-1 may act directly on
the pituitary to inhibit GHRH-stimulated secretion of
GH. GH secretion can be augmented or inhibited by a
number of neurogenic, metabolic, and hormonal influ-
ences’. In adults, the diurna pattern of GH secretion has
been characterized by obtaining blood samples every 20
or 30 min throughout a 24-hour period under non-stress-
ful conditions. During most of the day, plasma GH lev-
elsof norma adultsare <5 ng/ml, with one or two sharp
spikes 3 to 4 hours after meals. The most consistent pe-
riod of GH secretion for both children and young adults
occurs about 1 hour after the onset of deep deep’.

Growth hormoneand car diac function. Basic studies.
GH exerts its effects on myocardia tissue via direct
and indirect mechanisms. Most of theindirect effectsare
mediated by | GF-18. The concept has emerged that GH
acts by stimulating the local production of IGF-1, which
in turn promotes tissue growth by paracrine or autocrine
mechanisms. Evidence is also accumulating that |GF-
lisspecifically involved in the control of cardiac tissue
growth. The GH receptor gene is expressed in the my-
ocardium to a greater extent than many other tissues®.
Furthermore, cardiac myocytes of rats expressthe |GF-
1 receptor and moreimportantly, IGF-1 increasesthe size
of cultured cardiomyocytes and simultaneoudly induces
muscle specific gene expression?0, Recent data strong-
ly suggest that IGF-1 promotes cardiac hypertrophy.
IGF-1 mRNA expression is increased in the rat my-
ocardium after pressure overload, secondary to either
banding of the ascending aorta or to experimental renal
hypertension. Interestingly, IGF-1 expression is more
pronounced in those segments of the myocardium that
are particularly subjected to mechanical stresstt. It is
noteworthy that IGF-1 is the principal but not the only
mediator of GH action on cardiac tissue. For instance,
GH stimulates induction of the proto-oncogene c-myc
in various tissues and of the platelet-derived growth
factor in the heart. The role of these and other growth
factors mediating the GH effect on the myocardium is
still obscuret2. GH may also exert direct effects on the
myocardium aswell as on the blood vesselsinfluencing
the calcium-dependent contractile reservels,

Growth hormone excess. Acromegaly isaclinical con-
dition characterized by chronic GH hypersecretion
which is characterized by high prevalence of cardio-
vascular complications that account, in part, for thein-
creased mortality associated with this diseasel4. The
most frequent cardiovascular abnormality observed in
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acromegaly is concentric heart hypertrophy. Several cel-
lular and subcellular changesincluding the induction of
apoptosists have been described in acromegalic car-
diomyopathy. In addition to cardiomegaly, another fre-
quent cardiovascular abnormality isarterial hypertension,
which affects approximately onethird of acromegalic pa
tientsts. Coronary artery disease, ventricular arrhyth-
mias, and congestive heart failure may be observed.
Enough data have been presented on heart morphology
and function to suggest the existence of a specific acrome-
galic heart disease and they include: 1) increased ven-
tricular mass and wall thickness of both ventricles; 2) im-
paired diastalic filling with normal systolic function at
rest; and 3) impaired cardiac performance under stress
dueto diastolic and systolic dysfunction. A frequent ob-
servation made in acromegaly is the poor correlation of
heart hypertrophy with circulating levels of GH or IGF-
117. Conversely, the degree of hypertrophy is related to
the duration of the disease!8. The hemodynamic conse-
guences of GH excess on the heart may be mediated by
direct aswell asindirect mechanisms. The effects on car-
diac dysfunction of GH suppression with the first clini-
cally used somatostatin analogue octreotide have now
been extensively studied, and data available indicate a
clearly favorable effect of octreotidet®. Lim et a.20found
that suppression of GH hypersecretion achieved with
octreotide wasfollowed by asignificant and surprising-
ly rapid (7 days) reduction in left ventricular mass in
acromegaly paientswith | eft ventricular hypertrophy. Re-
cently, we have shown that 24-hour continuous subcu-
taneousinfusion of octreotidein patients with acromegaly
and ventricular hypertrophy was able to improve sever-
al parameters of left ventricular function at rest (without
any influence on ventricular mass) and work capacity at
both anaerobic threshold and during maximal exercise??.
The use of dow-release (SR) formulations of somatostatin
analogues, such as SR lanreotide, could overcome the
scarce compliance associated with either repeated sub-
cutaneous injection or continuous pump administration
that was necessary for the use of octrectide in the treat-
ment of patients with acromegaly. Recently, it has been
demonstrated a significant decreasein mean GH values
during SR lanreotide treatment22. Our data show that the
administration of SR lanrectide causes a decrease in
circulating GH levelsaswell as beneficial and persistent
effects on cardiopulmonary function after 7 and 14 days
from the injectionz3. Our work confirms that GH ex-
cessmay not only have structural but also functiona dele-
terious effects on the hypertrophic acromegalic heart.
Moreover, we observed that SR lanreotideis rapidly ef-
fective in both reducing circulating GH and improving
cardiac function in patients with acromegaly and could
have, per se, positive acute functional effects on the hy-
pertrophic acromegalic heart.

Growth hormone deficiency. GH deficiency produces dif-
ferent clinical effects, depending on the age of onset?4,
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In children, the syndrome is characterized by short
stature with normal body proportions, and reduced
growth rate. The consequences of decreased GH pro-
duction in adult life have been appreciated only re-
cently: in fact, also in adults GH is essential for sever-
al physiological processes. Indeed, adult-onset GH de-
ficiency is usually accompanied by excessive adiposi-
ty with an upper-body (abdominal) pattern, reduced
muscle mass, reduced body water, decreased bone min-
eral density, psychological disorders, and increased in-
cidence of cardiovascular mortality25. Impaired cardiac
function in GH-deficient patients, at baseline and dur-
ing physical exercise, is due to the presence of ahypo-
kinetic cardiac syndrome which can be corrected by
specific treatment: this indicates that GH plays an im-
portant role in the physiological maintenance of a nor-
mal cardiac structure and function26. GH deficiency is
responsible for areduced growth rate of cardiac muscle
and cardiac performance is impaired because of are-
duced myocardial mass and/or because of adirect effect
of GH on myocardia contractility. GH deficiency may
also reduce cardiac mass and function through activa-
tion of indirect mechanisms. The mechanism responsi-
ble for this phenomenon is not known. One possihility
isthat GH interacts with catecholamine release or ac-
tion. In fact, data have demonstrated that GH increases
tissue sensitivity to epinephrine?”. Furthermore, GH-de-
ficient patients may have elevated total peripheral vas-
cular resistances?8. Finally, GH-deficient patients are
known to be at risk of early atherosclerotic lesions
which can be prevented by substitutive treatment2e,

Chronic heart failure and growth hormone

Chronic heart failure (CHF) is aclinical syndrome
with an overall poor prognosis, despite the advancesin
drug treatment. The only effective trestment for end-stage
heart failure remains heart transplantation, which is
limited by a shortage of donor organs, therefore new ther-
apeutic strategies are under investigation. CHF is char-
acterized by left ventricular impairment which leadsto
secondary changes in other organs with consequent
symptoms like dyspnea, muscular fatigue, and exercise
intolerance. While in the past heart failure has been
considered mainly a hemodynamic disorder, in the last
decade the attention has focused on the muscular and hor-
monal changes in this condition. Pituitary GH has re-
cently been indicated as a key factor in the neuroen-
docrine responses observed in heart failure. Whether the
GH responseisaprimary effect of heart failure or asec-
ondary feature of the sympathetic renin-angiotensin-
aldosterone and cytokine system activation remainsto
be established.

Endocrine studies. GH secretion is pulsatile and is
modified by externa stimuli and endogenous neural
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rhythms, and by the feedback effects of GH itself30,
Moreover, plasma half-life of GH is relatively short.
Therefore, an adequate schedule of repetitive and pro-
longed blood sampling must be implemented to obtain
significant and useful quantitative information con-
cerning pulsatile GH release3!. Conversely, since |GF-
1 has a much longer half-life than GH and circulating
IGF-1 levelsdo not significantly change through the day,
a single sample assay may give a reliable measure of
IGF-132. The limitations of the clinical use of the IGF-
1 assay asamarker of GH secretion are mainly two: firgt,
IGF-1 synthesisis not only regulated by GH but also by
nutrient supply and by other hormones33; second, it has
been reported that low IGF-1 levels in the presence of
high-normal GH synthesis may reflect a periphera re-
sistance to GH action34. In 12 male patients with CHF
(ischemic or idiopathic), we studied GH and IGF-1 pro-
file at baseline and after acute (24 hours) human re-
combinant GH intravenousinfusionss. Theresultsarere-
ported intablel. In our patients, baseline mean noctur-
nal GH levels were higher than in normal subjects and
it was possible to notice that the 7 patients (subgroup B)
with higher mean spontaneous GH levels (> 2 pg/l)
tended to have lower circulating IGF-1 levels as com-
pared to the 5 patients (subgroup A) with apparently low-
er spontaneous GH secretory activity. Interestingly, the
highest IGF-1 levels after GH infusion were obtained in
those patients with higher IGF-1 levels at baseline in-
dependently of the serum GH levels obtained during the
infusion. The observed effects of GH were marginally
dependent on the baseline hemodynamic picture of the
subjects (weak correlation between baseline and post-
GH hemodynamic parameters). Conversely, the basdline
endocrine picture appeared to be of someimportancein
determining the cardiovascular responsivity to GH in-
fusion. Infact, patients with low circulating |GF-1 lev-
els and spontaneously high GH levels (i.e. those char-
acterized by a certain degree of “GH resistance”) had less
dramatic endocrine (increase in IGF-1) and hemody-
namic responses to GH infusion. It seems unlikely that
other factors may have contributed to the different | GF-
1 response to GH infusion observed. In fact, nutrition-
al and external conditions were maintained constant
throughout the study. In those subjects with low base-
line IGF-1 a more compromised liver function, likely
consequent to CHF, was found: baseline IGF-1 levels
correlated negatively with serum total bilirubin and

positively with serum pseudo-cholinesterase. It could be
hypothesized either that impaired IGF-1 response to
GH may be abiological marker of generalized tissuere-
sistanceto GH (and therefore that the cardiovascular tis-
sue may be less responsive to the direct action of GH)
or that the hepatic or cardiovascular synthesis of |GF-
linresponseto GH could be reduced (and therefore the
cardiovascular responseto circulating or locally produced
IGF-1 is impaired). In clinical practice pathological
conditions characterized by genetic (Laron dwarfism)34
or acquired (type 1 diabetes mellitus, renal insufficien-
cy, Starvation)3637 GH resistance are well known. All
these conditions with impaired |GF-1 synthesis have
been demonstrated to decrease the biological effect of
GH at thetissue levels.

Therefore, it may be possible that low baseline cir-
culating IGF-1 levels could represent a good predictor
of a weak hemodynamic response to exogenous GH
infusion; impaired cardiovascular response to exogenous
GH may be dueto animpaired hepatic (as suggested by
the correlation between IGF-1 levels and liver func-
tion) or cardiac production of IGF-1 (it implicates a
role for systemic or local IGF-1 in cardiovascular re-
sponse to GH)38 or to an impaired GH action at the
cardiac level (it implicates a direct effect of GH on
heart function)3e.

Clinical studiesand growth hormonetreatment. It has
been found that neurohormonal activationisclosely re-
lated to apoor outcome of CHF#0-43; moreover, drugs that
interfere with the neurohormonal changes occurringin
CHF (such asACE-inhibitors and beta-blockers) can pos-
itively influence the natural history of the disease#445.
Like other hormones in CHF, GH axis has aso been
found to be significantly atered46. Furthermore, in pa-
tientswith GH deficiency, left ventricular functionisre-
duced and GH administration normalizes cardiac per-
formance#’. Studies of various models of experimental
heart failure suggest that GH may induce myocyte hy-
pertrophy, improve myocardial contractility and change
the distribution of myosin isoforms that improve the
metabolic efficiency of the heart48-51, Beneficial effects
of GH therapy in patients with CHF have now been re-
ported in a series of controlled and uncontrolled stud-
ies (Table 11)3952-57, Fazio et al .52 reported that GH ad-
ministered every second day for 3 months increased
septal thickness and left ventricular mass, improved

Table I. Growth hormone (GH, nocturnal mean and peak) and insulin-like growth factor-1 (IGF-1, pug/l) in the control group and pa-

tients (subgroup A and B).

Control Patients Subgroup A Subgroup B
Mean GH 1.46 + 0.66 25+13 1.40+0.8 33x11
Peak GH 72+32 86172 44+24 115+82
IGF-1 1555+ 47.14 166.3+ 79.8 236.8+ 359 119.3+ 63

Subgroup A: GH levels < 2 pug/l (n = 5); Subgroup B: GH levels > 2 pg/l (n=7).
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Tablel1. Summary of published studies on growth hormone treatment in patients with congestive heart failure.

Author No. patients Randomized controlled Dose Treatment time
Cuneo et al .53 1 No 12 |U/day 3 months
Fazio et al .52 7 No 41U 3/week 3 months
Frustaci et al.55 5 No 41U/day 3 months
Volterrani et al.3° 12 No 0.1 1U/kg/24 hours 24 hours
O'Driscoll et al.54 2 No > 10 IU/day 1-7 weeks
Osterziel et al.56 50 Yes 2 1U/day 3 months
Isgaard et al.57 22 Yes 2.5 1U/day 3 months

clinical symptoms, exercise capacity and reduced cham-
ber size and end-systolic wall-stresswhile biochemically
inducing a marked increase in IGF-1 levels in 7 pa
tientswith CHF. A 57% improvement in the cardiac in-
dex and a25% decrease in mean pulmonary artery pres-
sure were by us shown after a 24-hour infusion of GH
(0.11U/kg) in 12 CHF patients® (Fig. 1). Beneficia clin-
ical responses to GH have aso been reported in small
groups of CHF patients with increases in body weight,
improved functiona capacity and exercise tolerances354,
However, astudy by Frustaci et al.55 on 5 patients with
severe CHF, showed only a mild reduction in left ven-
tricular diameters and minor improvement in left ven-
tricular gjection fraction after 3 months of GH adminis-
tration (4 1U/day). Theseinitial studieshave all been open
and uncontrolled. More recently, two placebo-controlled
studies of GH therapy in CHF patients have been pub-
lisheds6:58. In Isgaard’s study, GH was given daily a a
dose of 0.25 [U/kg/week to 22 CHF patients. No sig-
nificant effects on hemodynamic parameters, clinica
symptoms, left ventricular mass or exercisetolerance were
reportedse. Similarly, a second randomized controlled tri-
al of GH therapy in CHF patients did not show any sig-
nificant benefits on NYHA functional class or on the 6-
min walking distancess.

It is not easy to justify the discrepant results of the
above-mentioned studies of GH administrationin CHF
patients. It has been previously shown that acquired
GH resistanceis closely related to CHF, particularly in
patientswith cardiac cachexia®. The different responses
to GH therapy might be related to the proportion of pa-
tients “resistant” to the effect of the hormone. GH re-
sistance might be a mgjor determinant of the response
to GH treatment, asin this condition its administration
would not be effective. Cardiac cachexiamight beanim-
portant determinant of response to GH therapy, because
of its close relationship with GH resistance. In most of
the studies previously mentioned39.525556,58, it has not
been stated whether the patients suffered from body
wasting. The only two studies on cachectic patientss354
showed significant clinical benefitsin this subgroup of
patients, but high doses were administered, to override
possibly GH resistance. Another theoretical possibility
of overcoming GH resistance might be the mode of
GH administration as suggested by the same authors. In
most studies GH was given daily, while it has been ob-

736

GH 0.1 1U/kg/24-h i.v. infusion
A
60
50
gj 40
ES 30
33
:,,;v 20
10
0I L] L) L) 1
0 4 8 12 16 20 24
B
5
3 ~ 4
£E 3
g £
SE 2
fil
04 T T T T T T T 1
0 4 8 12 16 20 24
C
" 60
50
= 40
a D
ST 30
EE 2
10
o+
0 4 8 12 16 20 24
Time (hours)

Figure 1. Individual serumgrowth hormone (GH) levels (A), cardiacin-
dex (B) and mean pulmonary artery pressure (mPAP) (C) profiles during
exogenous GH infusion (0.1 1U/kg/24 hours) in 12 patients with conges-
tive heart failure. Blood sampling for GH was possible only in 11 out of
the 12 patients.

served that an intermittent administration is able to pro-
duce greater induction of IGF-1 mRNA in periphera
tissues’’. Only Fazio et a.52 used injections every second
day, and they were the only ones who found significant
clinical benefits of chronic GH therapy in CHF patients.
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Conclusions

GH treatment in CHF patientsis an exciting but still

an open clinical research issue. Randomized, placebo-
controlled studieswith larger patient groups and different
duration are required to assess safety, long-term resullts,
and best dosage regimens. Moreover, on the basis of re-
cent data giving some interesting insights into the pos-
sible determinants of the observed positive functional
acute cardiovascular effects of GH, patient baseline en-
docrine picture should be carefully considered, to select
those who might have more clinical benefits from this
new therapeutic option.
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