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Chapter 1

Introduction

Clinical aspects of abnormal GH secretion
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1. Introduction
This thesis describes several studies, which illustrate the physiology

and pathophysiology of growth hormone. This chapter provides an

overview of the concepts underlaying the studies.

1.1 Regulation of growth hormone secretion

Growth hormone (GH) is synthesized in the anterior pituitary gland by

somatotropic cells. This gland is situated within the bony sella turcica

and is overlain by the dural diaphragma sella, through which the stalk

connects to the hypothalamus. Most of the functioning anterior pituitary

cells consist of somatotroph cells (35-45 %)(1). In recent years, much

knowledge has emerged on the embryogenesis of the pituitary. It has

been discovered that the differentiation of pituitary stem cells into

somatotroph cells is regulated by two transcription factors, PROP-1

and Pit-1 (2;3), which has clinical relevance for the understanding of

congenital GH deficiency syndromes.
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The two most important regulators of GH secretion are the hypothalamic

peptides Growth Hormone Releasing Hormone (GHRH) and

Somatostatin. Both hypothalamic peptides are secreted in independent

waves and interact together to generate, and control, GH release. GHRH

stimulates GH release, whereas somatostatin has an inhibitory effect.

After GHRH is secreted by the hypothalamus, it is transported through

the portal system to the somatotroph cells, where it binds to the GHRH

receptor (1;4). Stimulation of the GHRH receptor results in the release

of presynthesized GH, that is stored within the cells. In contrast to the

GHRH receptor, of which no receptor subtypes are known, 5 different

somatostatin receptor subtypes can be distinghuished. In the pituitary

gland, the 2 most important somatostatin receptor subtypes are the

subtypes 2 and 5 (5). After binding of somatostatin to its receptor,

somatostatin inhibits GH secretion and/or cell proliferation (6).

In addition to the effects on the pituitary with respect to the release of

GH, somatostatin and GHRH influence each other�s release. GHRH

stimulates somatostatin secretion, whereas somatostatin inhibits GHRH

secretion (4). The integrated effect of GHRH and somatostatin on the

pituitary gland ultimately leads to GH secretion. This is characterized

by a pulsatile pattern with high amplitude pulses, especially at night,

and low amplitude pulses  predominantly during daytime.

GH secretion is regulated in a feedback system. The most important

peptide in this system is Insulin-like-Growth factor I (IGF-I). Plasma

IGF-I is predominantly produced  by the liver, whereas IGF-I synthesis

occurs in virtually all tissues and acts in a paracrine fashion. Most

circulating IGF-I is bound to IGF-binding protein 3 (IGF-BP3) and acid

labile sub unit (ALS). IGF-I is transported to the brain, where it has

numerous effects. The most important action of IGF-1 in the brain is

the stimulation of somatostatin  production, which will eventually reduce

GH production (7).

In addition to these important regulators of GH secretion, recently a

novel potent GH secretagogue has been discovered, Ghrelin (1). Ghrelin

appears to be the natural ligand of the growth hormone secretagogue

receptor (GHS-R). Activation of this receptor by Ghrelin leads to potent

GH secretion.
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Ghrelin is predominantly produced by the stomach and released into

the bloodstream. In addition to the GH releasing activity, it also

stimulates the release of other pituitary hormones like cortisol and

prolactin and plays a role in stimulating appetite, controling energy

balance and gastric motility. Although Ghrelin is a potent GH releasing

peptide, recent insight indicates that Ghrelin contributes more to the

regulation of diverse functions of the gut-brain axis than to GH secretion

per se (8).

1.2   GH and IGF-I

GH binds membrane-anchored GH receptors(9). The extra-cellular

domain of this receptor can be released into the circulation and is referred

to as growth hormone binding protein (GHBP), which may serve as a

stabilizer of GH availability in the circulation (10). GH receptors are

found in many peripheral tissues, especially in the liver. After binding

of GH to the GH receptor, the receptor initiates a phosphorylation cascade

involving a JAK/STAT pathway, which is ultimately leads to the

biological actions of GH (11;12).

In general, GH acts on peripheral tissues by two mechanisms: 1) a direct

effect, and 2) an indirect effect via IGF-I, produced, and secreted into

the blood, by the liver or produced locally within a certain tissue. Of the

circulating IGF-I, approximately 75 % is produced in the liver, the

remainder being produced locally (13). IGF-I binds to the IGF-I receptor,

which results in tyrosine phosphorylation to initiate its effect (14).

1.3      Physiological effects of GH

The physiological actions of GH involve many organs and physiological

systems. Although a  complete overview of GH action falls beyond the

scope of this chapter, important effects include longitudional bone

growth, metabolism and - relevant for the scope of this thesis - the heart

and general well-being.

GH plays an important role, through IGF-I dependent processes, in

postnatal longitudinal bone growth and remodelling by inducing

proliferation or/and differentiation of chondrocytes, osteoblasts,

osteoclasts and collagen type I synthesis (15-18). In addition to bone
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remodelling, IGF-I increases the fiber content and strength of skeletal

muscles (19).

GH exerts many metabolic effects that persist throughout life. GH has a

lipolytic effect in fat and muscle. After acute administration of GH, a

rise in circulating free fatty acids (FFA) and glycerol is observed (20;21).

Moreover, a reduction of LDL and elevations of HDL levels is observed

with GH administration (22). Acute administration of GH causes a

temporary effect on glucose uptake similar to insulin, whereas chronic

GH administration leads to insulin resistance with hyperinsulinemia,

due to a post receptor defect in insulin signaling (23). These effects

may be partially explained by GH induced lipolysis and elevated plasma

FFA, that inhibit insulin activity at its target tissues. GH therapy also

increases lean body mass by enhancing protein synthesis, with a small

inhibiting effect of protein degradation (24).

In addition to these metabolic effects, GH plays a role in

immunomodulation, like B and T- cell proliferation, macrophage activity,

immunoglobulin production etc. Therefore, GH exerts pleiotropic effects

in many physiological systems. Remarkably, however, these effects are

in general very subtle in adult patients and cannot be easily quantified

by clinicometric approaches. This is probably the reason, that, in general,

there is a long delay between the start of the disease acromegaly and the

time of diagnosis (see below). In addition, the effects of GH substitution

on GH deficient patients exemplify these subtle effects.

1.4       GH and the heart

The GH - IGF-I axis plays an important role in cardiac development

and function. In cardiomyocytes both GH and IGF-I receptors are

expressed (25). Interestingly, the GH receptor gene is expressed to a

greater extent in the myocardium than in many other tissues (26). In

hypophysectomized rats, GH induces cardiac IGF-I mRNA expression

and increases cardiac IGF-I content. In turn, IGF-I increases the size of

cultured cardiomyocytes and enhances myofibril development (27).

Concomitantly, IGF-I down regulates sms-actin, a protein that forms

stress fiber-like structures (28). GH and IGF-I have a direct effect on

myocardial contractility. By increasing the intracellular calcium content
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and enhancing the calcium sensitivity of myofilaments in

cardiomyocytes, GH and IGF-I promote the contractility of the

myocardium (29;30). Thus, it appears that GH and IGF-I have positive

inotropic effects on the heart by increasing cardiac growth and by

increasing the sensitivity of the myofilament apparatus to Ca 2+ .

1.5 GH and quality of life

As discused above, GH has effects in almost every organ system. These

effects are translated in a subtle way into quality of life. Many studies

on GH deficient subjects have shown that GH deficiency leads to

impaired quality of life (31-33). In most studies, restoration of GH levels

improves  quality of life in the majority of the patients (34). GH may act

directly or indirectly on neural sites. In the human hippocampus,

putamen, thalamus, hypothalamus and pituitary, GH receptors are found,

suggesting a direct role of GH in the brain (35;36). The hippocampus

may be important with respect to neural effects of GH as this region

plays an important role in memory, motivation and attention (37). The

mechanism whereby GH exerts direct effects on psychological functions,

is largely unresolved (38;39).

GH may enhance cognition by stimulating brain growth and

development. Studies in GH deficient mice have shown impaired brain

growth, glial and neuronal proliferation, and myelinisation. Conversely,

brain size is increased in GH transgenic mice (37). Accordingly, GH

plays an important role in neural function during brain injury. Studies

in rats have shown that GH can prevent cell loss in the hippocampus

(40), following hypoxic/ischemic injury. GH enhances cerebral blood

flow and intracellular communication and, which improves neural

function (41;42).

GH may be involved in normal sleep generation. In GH deficient patients

decreased deep sleep, increased total sleep time and a decreased REM

sleep have been observed, which could be reversed by restoration of

GH levels (43;44).  Nonetheless, the importance of GH in sleep

generation has been questioned by other authors (45;46).
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1.6 Pathophysiolocal effects of GH: GH excess

Acromegaly is a rare disorder of GH excess, first described by Pierre

Marie in 1886. This syndrome is characterized by elevated GH and

IGF-I levels and by progressive somatic disfigurement and systemic

manifestations. The prevalence is currently approximately 40 cases per

million subjects with an estimated annual incidence of three to four

patients per million subjects (47-49).

In almost all cases, GH excess is caused by a GH  secreting pituitary

adenoma. In very rare cases, the syndrome is caused by extra-pituitary

production of GH or GHRH in neuroendocrine tumors, like carcinoid

tumors (50).

�

Acromegaly is a disease that develops slowly, with only little and subtle

clinical symptoms in the beginning (see Figure 1). Therefore, there is

an average delay of 8 years in the diagnosis of acromegaly. At the time

of diagnosis patients have coarsened facial features, soft tissue

hypertrophy and exaggerated growth of hands and feet. Other

characteristics consist of an increased number of skin tags, sleep apnoe,

colonic polyps, insulin resistance, carpal tunnel syndrome and

Fig. 1 Clinical features of acromegaly
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cardiovascular disease like hypertension and cardiac hypertrophy (50-

52).

The treatment of first choice is still trans-sphenoidal surgery, with success

percentages ranging 60-70 % on the short term (53-56). The success of

surgery depends on the skill and experience of the surgeon. Side effects

of the surgical procedure are related to the size of the tumor and on the

invasiveness of the tumor into adjacent structures. The most important

side effects are hypopituitarism and permanent diabetes insipidus (57).

Meningitis is a direct and serious surgical complication. After a follow

up of more than 10 years, recurrences occur in 19 % of the patients,

resulting in a 10 year cure rate of only 40 % (55). Therefore, adjuvant

treatment is necessary in many patients to treat persistent or recurrent

disease.

The first choice of adjuvant therapy is medical therapy. Current medical

treatment options are mostly based on the fact that somatotroph

adenomas express high levels of somatostatin receptors subtypes 2 and

5 (58;59).  By stimulating these receptors, GH secretion will be

suppressed, leading to decreased IGF-I levels. Two long-acting

somatostatin analogues, octreotide and lanreotide, are currently available,

which have a high binding affinity to somatostatin receptor subtype 2

and to a lesser extent subtype 5 (5). With the introduction of the octreotide

long acting repeatable (LAR) formulation, patients only require an

intramuscularly injection once monthly. In approximately 60 % of the

patients octreotide treatment decreases GH levels beneath 2.5 µg/L and

normalizes IGF-I levels (60;61).

In clinical practice, octreotide LAR appeared to be more effective in

suppressing GH secretion than the slow release (SR) preparation of

lanreotide (62-65). Lanreotide (SR) had to be injected every 2-3 weeks

and effectively controlled GH and IGF-I levels in fewer patients.

Recently, a new slow release depot preparation of lanreotide was

introduced, Lanreotide Autogel (66). This new depot formula of

lanreotide has to be injected subcutaneously only once a month. Chapter

2 of this thesis describes a prospective study in which the efficacy of

octreotide LAR and lanreotide Autogel in suppressing GH and IGF-I

levels was compared in patients with active acromegaly.
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Another new perspective in somatostatin analogue treatment is the

development of SOM 230 (67). This novel drug has a broader binding

affinity for somatostatin receptor subtypes. Compared with octreotide

it has higher binding affinity to somatostatin receptor subtype 5, and to

a lesser extent also to somatostatin receptor subtypes 1 and 4 (5;68).

Preliminary data are promising, but further investigations are needed to

establish the additional value of this new drug in the treatment of

acromegaly (69).

In the development of drugs aimed at decreasing GH levels in

acromegalic patients, recently a new approach was introduced.

Pegvisomant is a competitive inhibitor of the GH receptor.  Pegvisomant

is highly effective and normalizes IGF-I levels in 97% of the patients

(70;71). One of the concerns of this new drug is that by blocking the

GH receptor the patient may become GH deficient. The clinical value

of this drug in acromegaly has therefore to be studied in long-term studies

(72). Currently, Pegvisomant is used in patients who do not effectively

respond to treatment with somatostatin analogues.

The last therapeutical option in acromegaly is the use of radiotherapy.

Although effective in reducing GH secretion, the response is slow and

takes many years (73). After 6 years, 70% of the patients have normal

IGF-I levels, whereas after 10 years, 10-15 % of the patients still have

high levels of GH (73;74). One of the major side effects of radiotherapy

is hypopituitarism, which develops in almost 55 % of the patients after

10 years (75). Lethargy, impaired cognitive function and personality

changes are also observed in patients who were treated with radiotherapy

(76). Therefore radiotherapy is currently used as an adjuvant therapy in

acromegaly only when surgical and/or medical therapy have failed.

The goal of therapy in acromegaly is biochemical cure (according to

consensus defined as GH levels below 2.5 µg/L (or 5 mU/L) and IGF-

I levels in the normal age and sex adjusted range. These criteria are

based on historical outcome parameters of therapy in acromegaly:

Mortality risk normalizes when these treatment goals ar reached

(53;77;78). The morbidity that accompanies acromegaly, like impaired

glucose tolerance, an adverse lipid profile, sleeping disorders and

acromegalic arthropathy (e.g. osteoartrithitis, cartilage thickness)
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improves, when effective treatment is instituted. Also the cardiac

abnormalities observed in active acromegaly, like biventricular-

concentric hypertrophy, diastolic dysfunction at rest, systolic dysfunction

at exercise and diastolic heart failure improve or normalize after curation

(26;79-81). The above defined biochemical criteria for cure are

supported by a recent study that showed that GH secretion in cured

acromegalic patients assessed by with detailed 24-hour GH secretion

profile did not differ from normal subjects (82).

Patients, in whom the biochemical treatment goals can only be reached

by continuous treatment with medicial therapy, have so called �well-

controlled disease�. Studies have shown that morbidity in these well

controlled patients improves to the same extent as in cured acromegalic

patients: after 12 months of somatostatin therapy, a decrease in left

ventricular mass, an improvement in diastolic function and - to a lesser

extent - systolic function is observed (51), despite the fact that 24-hour

GH secretion is not completely restored like in cured acromegalic

patients (83). The question, therefore, remains, whether these patients

still have persisting subtle effects of GH overproduction.

Moreover, most studies investigating the effect of treatment on cardiac

function in acromegaly used heterogeneous groups, including de novo

acromegaly patients in combination with uncontrolled treated patients,

or well-controlled patients in combination with cured patients for

analyses (81;84-89). One study used a homogenous group of patients

(90), but did not include all relevant diastolic and systolic parameters.

In Chapter 3 it is investigated whether cardiac function in well-

controlled acromegalic patients is really normalized as compared with

cured patients, using 2 dimensional echocardiography, as well as Tissue

Doppler echography, which allows detailed measurement of diastolic

function.

A remarkable lack in the knowledge on cardiac consequences of

acromegaly is that despite the many investigations on cardiac function

in these patients, (26;51;79;80;91-93) little is known about cardiac valve

function. It is known that GH excess changes the cardiac structure and

diastolic function in acromegalic patients. It is also known that GH

excess affects the composition and structure of collagenous tissue in
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general. Heart valves consist mainly of collagen but it is has not been

documented whether GH excess has any effect on cardiac valves.

Chapter 4 addresses this issue in different groups of acromegalic

patients.

1.7 Pathophysiological effects of GH: GH deficiency

GH deficiency occurs when the pituitary secretes an insufficient amount

of GH levels. This occurs in congenital pituitary deficiencies, like a Pit-

1 or PROP-1 mutation, or in macroadenoma of the pituitary, (e.g. non-

functional adenoma), or through other factors that damage the pituitary

and/or hypothalamus (e.g. trans-sphenoidal surgery, or irradiation).

Interestingly, disturbances in the GH-IGF-I axis can also occur in patients

with a normal hypothalamus/pituitary axis but with a chronic disease,

e.g. chronic heart failure or obesity.

Patients with adult-onset GH deficiency have many signs and symptoms

(Table 2). GH deficiency is associated with a twofold increased risk of

death from cardiovascular disease as compared with healthy controls

(94-98). The high cardiovascular mortality risk is associated with an

favourable metabolioc profile (abdominal obesity, insulin resistance,

an abnormal lipid profile, atherosclerosis, endothelial dysfunction and

hypercoagulability) and abnormal cardiac function (decreased cardiac

function, with reduced left ventricular mass, left ventricular diameters

resulting in an impaired systolic function at exercise). Other

abnormalities are reduced pulmonary function, muscle dysfunction and

decreased performance capacity (80;93;99-104).
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Table 2. GH deficiency: Signs and symptoms (ref.108)

The introduction of recombinant human GH (rhGH) has been an

important development for the treatment of GH deficiency. RhGH

therapy restores IGF-I levels into the normal range (105;106). However,

physiogical GH profiles cannot be restored, as GH levels after rhGH

administration follow a pharmacological pattern with a T max of 2-4

hours with a slightly down slope GH level during 24 hour (107).

Restoration of normal IGF-I levels, and to a lesser extent GH levels,

result in an improvement of many organ functions, including insulin

tolerance, lean body mass, lipid metabolism, exercise tolerance, bone

mass, and cardiac function (102;108-110). When rhGH was introduced

as a treatment for adult GH deficiency, studies suggested that quality of

life (QoL) also improved. However, all these studies were limited with

respect to the fact, that they only focussed on one dimension of QoL

(see the review of Hull et al. (34)). There are only a few studies that

studied different aspects of QoL, like depression and general well being
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(114-116) . In addition, most studies investigated QoL in GH deficiency

patients before and after rhGH administration, but did not compare QoL

with healthy subjects (114). Chapter 5 will address the QoL in GHD

patients on long-term treatment with rhGH as compared to healthy

subjects.

In patients with panhypopituitarism currently not all deficient hormones

are replaced. The adrenal cortex produces more hormones than cortisol,

which is the only adrenal hormone that is  substituted in patients with

ACTH insufficiency. One of the key products of the adrenal gland is the

hormone DHEA (di-hydro-epi-androsterone) and its sulfate DHEA-S,

from which many other steroid hormones are synthesized through

intracrine pathways (117;118). Using DHEA replacement in patients

with primary adrenal insufficiency, an improvement in quality of life,

and sexual functioning was observed (119-121). Interestingly, some

studies also showed, that DHEA replacement increased IGF-I levels

(120;122-124). It was unclear, however, whether the increase in IGF-I

levels was due to altered GH secretion and/or to an effect of DHEA on

IGF-I production. We hypothesized that patients with secondary adrenal

insufficiency will benefit of DHEA replacement, and that the increase

of IGF-I could play a role in this improvement. In chapter 5 the effect

of DHEA replacement on QoL and IGF-I will be described in GH and

ACTH deficient patients, treated with a fixed dose of rhGH.

In patients with alterations in the GH-IGF-I axis, like chronic non-

endocrine disease, or even elderly subjects, the idea emerged that

restoration of GH levels would benefit the patients. In line with this

assumption, studies performed in the early nineties suggested that

patients with idiopathic dilated cardiomyopathy or ischemic cardiac

failure would benefit from the positive effects of GH on cardiac muscle

(125;126). The idea was, that by improving the strength of the cardiac

muscle cardiac function improves. Studies indeed showed promising

results, but most studies were only observational. Randomised

(controlled) studies could not confirm the results (127-129). These

studies mainly focused on the systolic function, although the majority

of patients with cardiac failure have diastolic dysfunction (130).

Therefore, in chapter 6, the effect of rhGH in ischemic cardiomyopathy
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on cardiac function with special focus on diastolic function is described.

1.8         Aims of this thesis

GH plays an important role in the human body, by direct and/or indirect

mechanisms. The aim of this thesis is to focus on different clinical aspects

of the physiological role of GH in humans, with a special focus on three

different models. The first model is the model of GH excess: acromegaly.

In this model we compared the effects of two somatostatin analogues

on GH secretion, the effect of the treatment of acromegaly on cardiac

function and on cardiac valves. In the second model, GH deficiency,

the investigations focused on the effects of DHEA replacement on quality

of life and IGF-I concentrations. The third and last model is the model

of relative GH deficiency in a chronic non-endocrine disease (ischemic

cardiomyopathy), where we tested the hypothesis that restoring GH

levels could have beneficial effects on cardiac function.

In chapter 2 data are presented of a comparison between a new depot

somatostatin analogue, Lanreotide Autogel, and the only other available

depot preparation, Octreotide LAR. Lanreotide Autogel is a new slow-

release depot preparation that requires monthly injections. To compare

the two medications in effectively suppressing GH levels, seven patients

were first analysed during treatment with octreotide LAR before they

were analysed on the new drug. The effects of GH suppression was

analysed with two different approaches. First using GH profiles (an

average of GH levels taken every 30 minutes for 3,5 hour) assessed 2, 4

and 6 weeks after an injection. Secondly, we compared GH secretion

characteristics in detail via deconvolution analysis of 24 h plasma GH

concentration profiles.

Chapter 3 presents data of cardiac function in patients with so-called

well-controlled acromegaly during treatment with somatostatin

analogues compared with other therapeutic modalities. One of the

remarkable observations presented in chapter 2 is that although patients

are well controlled by somatostatin analogues according to strict

biochemical criteria, the total 24-hour GH production remains relatively

22

Chapter 1



high, in comparison to acromegalic patients cured by surgery, who

exhibit normal 24 GH secretion. It is uncertain, whether this difference

in GH levels translates into biological effects. A sensitive organ that

reacts to GH excess is the heart. Therefore, de novo, active and well-

controlled patients, as well as cured acromegalic patients, underwent

echocardiography to compare systolic and diastolic function in detail.

Although there are many studies that assessed cardiac function in

acromegaly patients, this is the first study in which diastolic and systolic

functions in the four categories of therapeutic modalities were compared

with each other.

Chapter 4 presents data of an observational study on the prevalence of

myocardial valve dysfunction in acromegaly. Despite some case reports,

the prevalence or incidence of valvular insufficiency has not been

documented in acromegalic patients. To investigate the effects of active

acromegaly on valvular insufficiency both active (de novo and treated

active patients) and inactive (cured and well-controlled) patients were

investigated.

In chapter 5 the results of a double-blind, placebo controlled randomised

cross-over study are presented. In this study the effects of DHEA on

IGF-I and QoL were investigated in patients with GH deficiency and

secondary adrenal failure, who were on stable hormone substitution.

Any difference in QoL, measured with a broad spectrum of parameters,

was assessed. Together with a general test (SF-36), the effects on

depression, and anxiety (HADS), fatigue (MFI-20) and sexual

functioning were investigated.

In chapter 6 the data are presented of a randomised study in which

rhGH in a fixed dose was given for 6 months to patients with ischemic

cardiac failure. At baseline and after 6 months cardiac function was

assessed using MR cardiac imaging. The goal was to investigate the

change in systolic and diastolic function after rhGH therapy, as was

suggested in a few studies with patients with dilated cardiomyopathy.

23

General introduction



In chapter 7 the data of the studies presented in this thesis are

summarized and discussed.

24

Chapter 1



References

1. Reed Larsen P, Kronenberg HM, Melmed S, Polonsky KS. Williams Textbook

of Endocrinology.  2003.

2. Wu W, Cogan JD, Pfaffle RW et al. Mutations in PROP1 cause familial combined

pituitary hormone deficiency. Nat Genet 1998; 18:147-149.

3. Ohta K, Nobukuni Y, Mitsubuchi H et al. Characterization of the gene encoding

human pituitary-specific transcription factor, Pit-1. Gene 1992; 122:387-388.

4. Giustina A, Veldhuis JD. Pathophysiology of the neuroregulation of growth

hormone secretion in experimental animals and the human. Endocr Rev 1998;

19(6):717-797.

5. Hofland LJ, Lamberts SWJ. The Pathophysiological Consequences of

Somatostatin Receptor Internalization and Resistance. Endocr Rev 2003; 24(1):28-

47.

6. Epelbaum J. Somatostatin in the central nervous system: physiology and

pathological modifications. Prog Neurobiol 1986; 27(1):63-100.

7. Le Roith D, Bondy C, Yakar S, Liu JL, Butler A. The Somatomedin Hypothesis:

2001. Endocr Rev 2001; 22(1):53-74.

8. van der Lely AJ, Tschop M, Heiman ML, Ghigo E. Biological, Physiological,

Pathophysiological, and Pharmacological Aspects of Ghrelin. Endocr Rev 2004;

25(3):426-457.

9. Cosman D, Lyman SD, Idzerda RL et al. A new cytokine receptor superfamily.

Trends Biochem Sci 1990; 15:265-270.

10. Leung DW, Spencer SA, Cachianes G et al. Growth hormone receptor and serum

binding protein: purification, cloning and expression. Nature 1987; 330:537-543.

11. Leonard WJ, O�Shea JJ. Jaks and STATs: biological implications. Annu Rev

Immunol 1998; 16:293-322.

12. Carter-Su C, Smit LS. Signaling via JAK tyrosine kinases: growth hormone

receptor as a model system. Recent Prog Horm Res 1998; 53:61-82.

13. Yakar S, Liu JL, Stannard B et al. Normal growth and development in the absence

of hepatic insulin-like growth factor I. Proc Natl Acad Sci U S A 1999; 96:7324-

7329.

14. LeRoith D, Werner H, Beitner-Johnson D, Roberts CT, Jr. Molecular and cellular

aspects of the insulin-like growth factor I receptor. Endocr Rev 1995; 16:143-

163.

15. Kember NF. Cell kinetics and the control of growth in long bones. Cell Tissue

Kinet 1978; 11:477-485.

16. Slootweg MC, de Groot RP, Herrmann-Erlee MP, Koornneef I, Kruijer W, Kramer

YM. Growth hormone induces expression of c-jun and jun B oncogenes and

employs a protein kinase C signal transduction pathway for the induction of c-fos

oncogene expression. J Mol Endocrinol 1991; 6:179-188.

25

General introduction



17. Ernst M, Froesch ER. Growth hormone dependent stimulation of osteoblast-like

cells in serum-free cultures via local synthesis of insulin-like growth factor I.

Biochem Biophys Res Commun 1988; 151:142-147.

18. van der Eerden BC, Karperien M, Wit JM. Systemic and local regulation of the

growth plate. Endocr Rev 2003 Dec ;24 (6 ):782 -801 2003; 24:782-801.

19. Fryburg DA, Barrett EJ. Growth hormone acutely stimulates skeletal muscle but

not whole-body protein synthesis in humans. Metabolism 1993; 42:1223-1227.

20. Dietz J, Schwartz J. Growth hormone alters lipolysis and hormone-sensitive lipase

activity in 3T3-F442A adipocytes. Metabolism 1991; 40:800-806.

21. Ottosson M, Vikman-Adolfsson K, Enerback S, Elander A, Bjorntorp P, Eden S.

Growth hormone inhibits lipoprotein lipase activity in human adipose tissue. J

Clin Endocrinol Metab 1995; 80:936-941.

22. Asayama K, Amemiya S, Kusano S, Kato K. Growth-hormone-induced changes

in postheparin plasma lipoprotein lipase and hepatic triglyceride lipase activities.

Metabolism 1984; 33:129-131.

23. Rosenfeld RG, Wilson DM, Dollar LA, Bennett A, Hintz RL. Both human pituitary

growth hormone and recombinant DNA-derived human growth hormone cause

insulin resistance at a postreceptor site. J Clin Endocrinol Metab 1982; 54:1033-

1038.

24. Wolf RF, Heslin MJ, Newman E, Pearlstone DB, Gonenne A, Brennan MF. Growth

hormone and insulin combine to improve whole-body and skeletal muscle protein

kinetics. Surgery 1992; 112:284-291.

25. Delafontaine P. Insulin-like growth factor I and its binding proteins in the

cardiovascular system. Cardiovasc Res 1995; 30:825-834.

26. Sacca L, Cittadini A, Fazio S. Growth hormone and the heart. Endocr Rev 1994;

15(5):555-573.

27. Ito H, Hiroe M, Hirata Y et al. Insulin-like growth factor-I induces hypertrophy

with enhanced expression of muscle specific genes in cultured rat cardiomyocytes.

Circulation 1993; 87:1715-1721.

28. Donath MY, Zapf J, Eppenberger-Eberhardt M, Froesch ER, Eppenberger HM.

Insulin-like growth factor I stimulates myofibril development and decreases

smooth muscle alpha-actin of adult cardiomyocytes. Proc Natl Acad Sci U S A

1994; 91:1686-1690.

29. Cittadini A, Ishiguro Y, Stromer H et al. Insulin-like growth factor-1 but not growth

hormone augments mammalian myocardial contractility by sensitizing the

myofilament to Ca2+ through a wortmannin-sensitive pathway: studies in rat and

ferret isolated muscles. Circ Res 1998; 83:50-59.

30. Freestone NS, Ribaric S, Mason WT. The effect of insulin-like growth factor-1

on adult rat cardiac contractility. Mol Cell Biochem 1996; 163-164:223-229.

31. Wallymahmed ME, Foy P, MacFarlane IA. The quality of life of adults

with growth hormone deficiency: comparison with diabetic patients and control

subjects. Clin Endocrinol (Oxf) 1999; 51(3):333-338.

26

Chapter 1



32. Rosen T, Wiren L, Wilhelmsen L, Wiklund I, Bengtsson BA.

Decreased psychological well-being in adult patients with growth hormone

deficiency. Clin Endocrinol (Oxf) 1994; 40:111-116.

33. Badia X, Lucas A, Sanmarti A, Roset M, Ulied A. One-year follow-up of quality

of life in adults with untreated growth hormone deficiency. Clin Endocrinol (Oxf)

1998; 49:765-771.

34. Hull KL, Harvey S. Growth hormone therapy and Quality of Life: possibilities,

pitfalls and mechanisms. J Endocrinol 2003; 179(3):311-333.

35. Lai ZN, Emtner M, Roos P, Nyberg F. Characterization of putative growth hormone

receptors in human choroid plexus. Brain Res 1991; 546:222-226.

36. Lai Z, Roos P, Zhai O et al. Age-related reduction of human growth

hormone-binding sites in the human brain. Brain Res 1993; 621:260-266.

37. Nyberg F. Growth hormone in the brain: characteristics of specific brain targets

for the hormone and their functional significance. Front Neuroendocrinol 2000

Oct ;21(4):330 -48 2000; 21:330-348.

38. Burman P, Hetta J, Karlsson A. Effect of growth hormone on brain

neurotransmitters. Lancet 1993; 342:1492-1493.

39. Johansson JO, Larson G, Andersson M et al. Treatment of growth hormone-

deficient adults with recombinant human growth hormone increases the

concentration of growth hormone in the cerebrospinal fluid and affects

neurotransmitters. Neuroendocrinology 1995; 61:57-66.

40. Scheepens A, Sirimanne ES, Breier BH, Clark RG, Gluckman PD, Williams CE.

Growth hormone as a neuronal rescue factor during recovery from CNS injury.

Neuroscience 2001 ;104 (3):677 -87 2001; 104:677-687.

41. Corbacho AM, Martinez DLE, Clapp C. Roles of prolactin and related members

of the prolactin/growth hormone/placental lactogen family in angiogenesis. J

Endocrinol 2002 May ;173 (2):219 -38 2002; 173:219-238.

42. Aberg ND, Carlsson B, Rosengren L et al. Growth hormone increases connexin-

expression in the cerebral cortex and hypothalamus. Endocrinology 2000

Oct;141 (10):3879 -86 2000; 141:3879-3886.

43. Astrom C, Lindholm J. Growth hormone-deficient young adults have decreased

deep sleep. Neuroendocrinology 1990; 51:82-84.

44. Hayashi M, Shimohira M, Saisho S, Shimozawa K, Iwakawa Y. Sleep disturbance

in children with growth hormone deficiency. Brain Dev 1992; 14:170-174.

45. Kern W, Halder R, al Reda S, Spath-Schwalbe E, Fehm HL, Born J. Systemic

growth hormone does not affect human sleep. J Clin Endocrinol Metab 1993;

76:1428-1432.

46. Feinberg I. Slow wave sleep and release of growth hormone. JAMA 2000 Dec 6

;284 (21):2717 -8 2000; 284:2717-2718.

47. Alexander L, Appleton D, Hall R, Ross WM, Wilkinson R. Epidemiology of

acromegaly in the Newcastle region. Clin Endocrinol (Oxf) 1980; 12:71-79.

48. Nabarro JD. Acromegaly. Clin Endocrinol (Oxf) 1987; 26:481-512.

27

General introduction



49. Bengtsson BA, Eden S, Ernest I, Oden A, Sjogren B. Epidemiology and long-

term survival in acromegaly. A study of 166 cases diagnosed between 1955 and

1984. Acta Med Scand 1988; 223:327-335.

50. Ben Shlomo A, Melmed S. Acromegaly. Endocrinol Metab Clin North Am 2001

Sep ;30 (3):565 -83 , vi 2001; 30:565-83, vi.

51. Colao A, Ferone D, Marzullo P, Lombardi G. Systemic complications of

acromegaly: epidemiology, pathogenesis, and management. Endocr Rev 2004;

25(1):102-152.

52. Clemmons DR, Chihara K, Freda PU et al. Optimizing control of acromegaly:

integrating a growth hormone receptor antagonist into the treatment algorithm. J

Clin Endocrinol Metab 2003 Oct ;88 (10):4759 -67 2003; 88:4759-4767.

53. Swearingen B, Barker FG, II, Katznelson L et al. Long-Term Mortality after

Transsphenoidal Surgery and Adjunctive Therapy for Acromegaly. Journal of

Clinical Endocrinology and Metabolism 1998; 83(10):3419-3426.

54. Beauregard C, Truong U, Hardy J, Serri O. Long-term outcome and mortality

after transsphenoidal adenomectomy for acromegaly. Clinical Endocrinology

2003; 58(1):86-91.

55. Biermasz NR, van Dulken H, Roelfsema F. Ten-Year Follow-Up Results of

Transsphenoidal Microsurgery in Acromegaly. Journal of Clinical Endocrinology

and Metabolism 2000; 85(12):4596-4602.

56. Abosch A, Tyrrell JB, Lamborn KR, Hannegan LT, Applebury CB, Wilson CB.

Transsphenoidal microsurgery for growth hormone-secreting pituitary adenomas:

initial outcome and long-term results. J Clin Endocrinol Metab 1998; 83:3411-

3418.

57. Ciric I, Ragin A, Baumgartner C, Pierce D. Complications of transsphenoidal

surgery: results of a national survey, review of the literature, and personal

experience. Neurosurgery 1997; 40:225-236.

58. Miller GM, Alexander JM, Bikkal HA, Katznelson L, Zervas NT, Klibanski A.

Somatostatin receptor subtype gene expression in pituitary adenomas. Journal of

Clinical Endocrinology and Metabolism 1995; 80:1386-1392.

59. Panetta R, Patel YC. Expression of mRNA for all five human somatostatin

receptors (hSSTR1-5) in pituitary tumors. Life Science 1995; 56:333-342.

60. Freda PU. Somatostatin Analogs in Acromegaly. J Clin Endocrinol Metab 2002;

87(7):3013.

61. Lancranjan I, Atkinson AB. Results of a European multicentre study with

Sandostatin LAR in acromegalic patients. Sandostatin LAR Group. Pituitary 1999;

1:105-114.

62. Chanson P, Boerlin V, Ajzenberg C et al. Comparison of octreotide acetate

LAR and lanreotide SR in patients with acromegaly. Clinical Endocrinology

2000; 53:577-586.

28

Chapter 1



63. Kendall-Taylor P, Miller M, Gebbie J, Turner S, al Maskari M. Long-acting

octreotide LAR compared with lanreotide SR in the treatment of acromegaly.

Pituitary 2000; 3:61-65.

64. Cozzi R, Dallabonzana D, Attanasio R, Barausse M, Oppizzi G. A comparison

between octreotide-LAR and lanreotide-SR in the chronic treatment of acromegaly.

European Journal of Endocrinology 1999; 141:267-271.

65. Turner HE, Vadivale A, Keenan J, Wass JA. A comparison of lanreotide and

octreotide LAR for treatment of acromegaly. Clinical Endocrinology 1999;

51:275-280.

66. Caron P, Beckers A, Cullen DR et al. Efficacy of the New Long-Acting

Formulation of Lanreotide (Lanreotide Autogel) in the Management of

Acromegaly. Journal of Clinical Endocrinology and Metabolism 2002; 87(1):99-

104.

67. Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker G. SOM230: a novel

somatostatin peptidomimetic with broad somatotropin release inhibiting factor

(SRIF) receptor binding and a unique antisecretory profile. Eur J Endocrinol

2002 May ;146 (5):707 -16 2002; 146:707-716.

68. Hofland LJ, van der HJ, van Koetsveld PM et al. The novel somatostatin analog

SOM230 is a potent inhibitor of hormone release by growth hormone- and

prolactin-secreting pituitary adenomas in vitro. J Clin Endocrinol Metab 2004

Apr;89 (4):1577 -85 2004; 89:1577-1585.

69. van der HJ, de Herder WW, Feelders RA et al. A single-dose comparison of the

acute effects between the new somatostatin analog SOM230 and octreotide in

acromegalic patients. J Clin Endocrinol Metab 2004 Feb ;89 (2):638 -45 2004;

89:638-645.

70. Trainer PJ, Drake WM, Katznelson L et al. Treatment of acromegaly with the

growth hormone-receptor antagonist pegvisomant. N Engl J Med 2000 Apr 20

;342 (16 ):1171 -7 2000; 342:1171-1177.

71. van der Lely AJ, Hutson RK, Trainer PJ et al. Long-term treatment of acromegaly

with pegvisomant, a growth hormone receptor antagonist. Lancet 2001 Nov 24

;358 (9295 ):1754 -9 2001; 358:1754-1759.

72. Muller AF, Kopchick JJ, Flyvbjerg A, van der Lely AJ. Clinical review 166:

Growth hormone receptor antagonists. J Clin Endocrinol Metab 2004 Apr;89

(4):1503 -11 2004; 89:1503-1511.

73. Eastman RC, Gorden P, Glatstein E, Roth J. Radiation therapy of acromegaly.

Endocrinol Metab Clin North Am 1992; 21:693-712.

74. Powell JS, Wardlaw SL, Post KD, Freda PU. Outcome of radiotherapy for

acromegaly using normalization of insulin-like growth factor I to define cure. J

Clin Endocrinol Metab 2000 May ;85 (5):2068 -71 2000; 85:2068-2071.

75. Biermasz NR, van Dulken H, Roelfsema F. Long-term follow-up results of

postoperative radiotherapy in 36 patients with acromegaly. J Clin Endocrinol

Metab 2000 Jul ;85 (7 ):2476 -82 2000; 85:2476-2482.

29

General introduction



76. van der Lely AJ, de Herder WW, Lamberts SW. The role of radiotherapy in

acromegaly. J Clin Endocrinol Metab 1997; 82:3185-3186.

77. Biermasz NR, Dekker FW, Pereira AM et al. Determinants of survival in treated

acromegaly in a single center: predictive value of serial insulin-like growth factor

I measurements. J Clin Endocrinol Metab 2004 Jun ;89 (6 ):2789 -96 2004;

89:2789-2796.

78. Bates AS, Van�t Hoff W, Jones JM, Clayton RN. An audit of outcome of treatment

in acromegaly. Quartely Journal of Medicine 1993; 86:293-299.

79. Sacca L, Napoli R, Cittadini A. Growth hormone, acromegaly, and heart failure:

an intricate triangulation. Clinical Endocrinology 2003; 59(6):660-671.

80. Colao A, Marzullo P, Di Somma C, Lombardi G. Growth hormone and the heart.

Clinical Endocrinology 2001; 54(2):137-154.

81. Colao A, Cuocolo A, Marzullo P et al. Is the Acromegalic Cardiomyopathy

Reversible? Effect of 5-Year Normalization of Growth Hormone and Insulin-

Like Growth Factor I Levels on Cardiac Performance. J Clin Endocrinol Metab

2001; 86(4):1551-1557.

82. van den BG, Frolich M, Veldhuis JD, Roelfsema F. Growth hormone secretion in

recently operated acromegalic patients. J Clin Endocrinol Metab 1994;

79(6):1706-1715.

83. Biermasz NR, Pereira AM, Frolich M, Romijn JA, Veldhuis JD, Roelfsema F.

Octreotide represses secretory-burst mass and nonpulsatile secretion but does

not restore event frequency or orderly GH secretion in acromegaly. Am J Physiol

Endocrinol Metab 2004; 286(1):E25-E30.

84. Herrmann BL, Bruch C, Saller B et al. Acromegaly: evidence for a direct relation

between disease activity and cardiac dysfunction in patients without ventricular

hypertrophy. Clin Endocrinol (Oxf) 2002; 56(5):595-602.

85. Bruch C, Herrmann B, Schmermund A, Bartel T, Mann K, Erbel R. Impact of

disease activity on left ventricular performance in patients with acromegaly.

American Heart Journal 2002; 144(3):538-543.

86. Lopez-Velasco R, Escobar-Morreale HF, Vega B et al. Cardiac involvement in

acromegaly: specific myocardiopathy or consequence of systemic hypertension?

J Clin Endocrinol Metab 1997; 82(4):1047-1053.

87. Minniti G, Moroni C, Jaffrain-Rea ML et al. Marked improvement in

cardiovascular function after successful transsphenoidal surgery in acromegalic

patients. Clinical Endocrinology 2001; 55(3):307-313.

88. Mercuro G, Zoncu S, Colonna P et al. Cardiac dysfunction in acromegaly: evidence

by pulsed wave tissue Doppler imaging. European Journal of Endocrinology 2000;

143(3):363-369.

89. Minniti G, Jaffrain-Rea ML, Moroni C et al. Echocardiographic evidence for a

direct effect of GH/IGF-I hypersecretion on cardiac mass and function in young

acromegalics. Clinical Endocrinology 1998; 49(1):101-106.

30

Chapter 1



90. Hradec J, Marek J, Kral J, Janota T, Poloniecki J, Malik M. Long-term

echocardiographic follow-up of acromegalic heart disease. Am J Cardiol 1993;

72(2):205-210.

91. Clayton RN. Cardiovascular function in acromegaly. Endocr Rev 2003;

24(3):272-277.

92. Vitale G, Pivonello R, Galderisi M et al. Cardiovascular complications in

acromegaly: methods of assessment. Pituitary 2001; 4(4):251-257.

93. Lombardi G, Colao A, Marzullo P et al. Is growth hormone bad for your heart?

Cardiovascular impact of GH deficiency and of acromegaly. J Endocrinol 1997;

155 Suppl 1:S33-S37.

94. Rosen T, Bengtsson BA. Premature mortality due to cardiovascular disease in

hypopituitarism. Lancet 1990; 336:285-288.

95. Bulow B, Hagmar L, Mikoczy Z, Nordstrom CH, Erfurth EM. Increased

cerebrovascular mortality in patients with hypopituitarism. Clin Endocrinol (Oxf)

1997; 46:75-81.

96. Erfurth EM, Bengtsson BA, Christiansen JS, Bulow B, Hagmar L. Premature

mortality and hypopituitarism. Lancet 2001 Jun 16 ;357 (9272 ):1972 ; author

reply 2001; 357:1972-1974.

97. Bates AS, Bullivant B, Sheppard MC, Stewart PM. Life expectancy following

surgery for pituitary tumours. Clin Endocrinol (Oxf) 1999; 50:315-319.

98. Tomlinson JW, Holden N, Hills RK et al. Association between premature mortality

and hypopituitarism. West Midlands Prospective Hypopituitary Study Group.

Lancet 2001 Feb 10;357 (9254 ):425 -31 2001; 357:425-431.

99. Toogood AA. Growth hormone (GH) status and body composition in normal

ageing and in elderly adults with GH deficiency. Horm Res 2003 ;60 (Suppl

1):105 -11 2003; 60:105-111.

100. McCallum RW, Petrie JR, Dominiczak AF, Connell JM. Growth hormone

deficiency and vascular risk. Clin Endocrinol (Oxf) 2002 Jul ;57 (1):11-24 2002;

57:11-24.

101. Rosen T, Johannsson G, Johansson JO, Bengtsson BA. Consequences of growth

hormone deficiency in adults and the benefits and risks of recombinant human

growth hormone treatment. A review paper. Horm Res 1995; 43:93-99.

102. Tang D, Wang J, Wu C. [The effect of recombinant human growth hormone on

thyroid function in patients with growth hormone deficiency]. Zhonghua Nei Ke

Za Zhi 1997; 36:754-758.

103. Colao A, di Somma C, Salerno M, Spinelli L, Orio F, Lombardi G. The

Cardiovascular Risk of GH-Deficient Adolescents. J Clin Endocrinol Metab 2002;

87(8):3650-3655.

104. Colao A, Vitale G, Pivonello R, Ciccarelli A, Di Somma C, Lombardi G. The

heart: an end-organ of GH action. Eur J Endocrinol 2004 Aug ;151 Suppl 1:S93

-101 2004; 151 Suppl 1:S93-101.

31

General introduction



105. Svensson J, Mattsson A, Rosen T et al. Three-years of growth hormone (GH)

replacement therapy in GH-deficient adults: effects on quality of life, patient-

reported outcomes and healthcare consumption. Growth Horm IGF Res 2004

Jun ;14(3):207 -15 2004; 14:207-215.

106. Verhelst J, Abs R, Vandeweghe M et al. Two years of replacement therapy in

adults with growth hormone deficiency. Clin Endocrinol (Oxf) 1997; 47:485-

494.

107. Janssen YJ, Frolich M, Roelfsema F. The absorption profile and availability of a

physiological subcutaneously administered dose of recombinant human growth

hormone (GH) in adults with GH deficiency. Br J Clin Pharmacol 1999;

47(3):273-278.

108. Simpson H, Savine R, Sonksen P et al. Growth hormone replacement therapy

for adults: into the new millennium. Growth Horm IGF Res 2002

Feb ;12 (1):1-33 2002; 12:1-33.

109. Davidson P, Milne R, Chase D, Cooper C. Growth hormone replacement in adults

and bone mineral density: a systematic review and meta-analysis. Clin Endocrinol

(Oxf) 2004 Jan ;60 (1):92 -8 2004; 60:92-98.

110. Abdul Shakoor SK, Shalet SM. Effects of GH replacement on metabolism and

physical performance in GH deficient adults. J Endocrinol Invest 2003 Sep ;26

(9 ):911 -8 2003; 26:911-918.

111. Rosilio M, Blum WF, Edwards DJ et al. Long-term improvement of quality of

life during growth hormone (GH) replacement therapy in adults with GH

deficiency, as measured by questions on life satisfaction-hypopituitarism (QLS-

H). J Clin Endocrinol Metab 2004 Apr;89 (4):1684 -93 2004; 89:1684-1693.

112. Svensson J, Mattsson A, Rosen T et al. Three-years of growth hormone (GH)

replacement therapy in GH-deficient adults: effects on quality of life, patient-

reported outcomes and healthcare consumption. Growth Horm IGF Res 2004

Jun ;14(3):207 -15 2004; 14:207-215.

113. Gilchrist FJ, Murray RD, Shalet SM. The effect of long-term untreated growth

hormone deficiency (GHD) and 9 years of GH replacement on the quality of life

(QoL) of GH-deficient adults. Clin Endocrinol (Oxf) 2002 Sep ;57 (3):363 -70

2002; 57:363-370.

114. Malik IA, Foy P, Wallymahmed M, Wilding JP, MacFarlane IA. Assessment of

quality of life in adults receiving long-term growth hormone replacement

compared to control subjects. Clin Endocrinol (Oxf) 2003; 59(1):75-81.

115. Wallymahmed ME, Foy P, Shaw D, Hutcheon R, Edwards RH, MacFarlane IA.

Quality of life, body composition and muscle strength in adult growth hormone

deficiency: the influence of growth hormone replacement therapy for up to 3

years. Clin Endocrinol (Oxf) 1997; 47:439-446.

116. Baum HB, Katznelson L, Sherman JC et al. Effects of physiological growth

hormone (GH) therapy on cognition and quality of life in patients with adult-

onset GH deficiency. J Clin Endocrinol Metab 1998; 83:3184-3189.

117. Kuhn-Velten WN. Intracrinology and the local enzymatic control of hormone

32

Chapter 1



distribution and metabolism: dehydroepiandrosterone does not just act as a

prohormone for androgens and estrogens. Eur J Clin Invest 2000; 30 Suppl 3:34-

8.:34-38.

118. Legrain S, Massien C, Lahlou N et al. Dehydroepiandrosterone Replacement

Administration: Pharmacokinetic and Pharmacodynamic Studies in Healthy

Elderly Subjects. J Clin Endocrinol Metab 2000; 85(9):3208-3217.

119. Johannsson G, Burman P, Wiren L et al. Low Dose Dehydroepiandrosterone

Affects Behavior in Hypopituitary Androgen-Deficient Women: A Placebo-

Controlled Trial. J Clin Endocrinol Metab 2002; 87(5):2046-2052.

120. Arlt W, Callies F, van Vlijmen JC et al. Dehydroepiandrosterone replacement in

women with adrenal insufficiency. New England Journal of Medicine 1999;

341(14):1013-1020.

121. Hunt PJ, Gurnell EM, Huppert FA et al. Improvement in Mood and Fatigue after

Dehydroepiandrosterone Replacement in Addison�s Disease in a Randomized,

Double Blind Trial. J Clin Endocrinol Metab 2000; 85(12):4650-4656.

122. Morales AJ, Nolan JJ, Nelson JC, Yen SS. Effects of replacement dose of

dehydroepiandrosterone in men and women of advancing age. Journal of Clinical

Endocrinology and Metabolism 1994; 78(6):1360-1367.

123. Morales AJ, Haubrich RH, Hwang JY, Asakura H, Yen SS. The effect of six

months treatment with a 100 mg daily dose of dehydroepiandrosterone (DHEA)

on circulating sex steroids, body composition and muscle strength in age-

advanced men and women. Clinical Endocrinology 1998; 49(4):421-432.

124. Genazzani AD, Stomati M, Bernardi F, Pieri M, Rovati L, Genazzani AR. Long-

term low-dose dehydroepiandrosterone oral supplementation in early and late

postmenopausal women modulates endocrine parameters and synthesis of

neuroactive steroids. Fertil Steril 2003; 80(6):1495-1501.

125. Fazio S, Sabatini D, Capaldo B et al. A preliminary study of growth hormone in

the treatment of dilated cardiomyopathy. N Engl J Med 1996; 334:809-814.

126. Genth-Zotz S, Zotz R, Geil S, Voigtlander T, Meyer J, Darius H. Recombinant

growth hormone therapy in patients with ischemic cardiomyopathy : effects on

hemodynamics, left ventricular function, and cardiopulmonary exercise capacity.

Circulation 1999; 99:18-21.

127. Osterziel KJ, Strohm O, Schuler J et al. Randomised, double-blind, placebo-

controlled trial of human recombinant growth hormone in patients with chronic

heart failure due to dilated cardiomyopathy. Lancet 1998; 351:1233-1237.

128. Isgaard J, Bergh CH, Caidahl K, Lomsky M, Hjalmarson A, Bengtsson BA. A

placebo-controlled study of growth hormone in patients with congestive heart

failure. Eur Heart J 1998; 19:1704-1711.

129. Smit JW, Janssen YJ, Lamb HJ et al. Six months of recombinant human GH

therapy in patients with ischemic cardiac failure does not influence left ventricular

function and mass. J Clin Endocrinol Metab 2001; 86(10):4638-4643.

130. Litwin SE, Grossman W. Diastolic dysfunction as a cause of heart failure. J Am

Coll Cardiol 1993; 22:49A-55A.

33

General introduction



34


