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Abstract

Epidemiological studies have shown adults with chronic, untreated GHD have excess

mortality from cardiovascular disease. The AGHD syndromeis associated with a

clustering of adverse CV risk factors including visceral adiposity and GHRhasalso

been shownto reverse a numberofthese individual CVrisk factors.

The focus of this thesis is primarily on CVD in hypopituitary adults and consists of

two main themes. Thefirst theme is a descriptive study of the prevalence of CV risk

factors and established CVD in hypopituitary adult patients with a further audit

carried out in a subgroup of these patients to look at the adequacy of treatment of

hypertension and dyslipidemia. The second study was undertaken in 19 hypopituitary

adults with severe GHD to investigate if obesity in these patients results from

alterations in energy homeostasis and whether GHR had any role in influencing

energy balance. The effects of GHR on peripheral inflammatory mediators and body

composition werealso studied.

The findings of the descriptive study were that obesity was highly prevalent and close

to 10% of clinic population had established CVD. Also, hypertension and

dyslipidemia were not treated to target levels. Hence, greater emphasis needs to be

given for aggressive management of obesity and other CV risk factors to reduce the

excess CVDriskin these patients.

Following 6 months of stable maintenance physiological GHR in hypopituitary adults

with severe GHD,there were significant improvements in quality of life and greatly

increased physical activity. No significant improvements were noted in body

composition. Significant improvements were noted in CV risk factors such as

circulating hs-CRP levels, LDL and HDLcholesterol and waist hip ratio. However,

worsening of insulin sensitivity occurred following GHR. Patients also reported

higher fasting appetite scores and consumed morecalories during free choice buffet

lunch following GHR,but this was balanced by significant improvements in hunger

susceptibility. Fasting acylated ghrelin levels fell following GHR suggesting that

increased appetite might be related to improved ghrelin sensitivity.



Growth hormone replacement therefore does influence CV risk factors, appetite

control mechanisms and energy homeostasis in humans. Whetherthis is a direct effect

of GH/IGF-1 or its effect via the complex interplay of a number of other gut

hormonesand peptides that influence appetite control mechanismsand energy balance

requires further research.
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Aims of Thesis

The primary aimsofthis research study were:

1. To assess the prevalence and adequacy of treatment of CV risk factors in

patients with hypothalamicpituitary disease.

To determine the principal mechanisms leading to weight gain in adults with

severe GHD due to hypothalamicpituitary disease.

To investigate whether GHD and GHR might impact CVD risk through

altered secretion of pro-inflammatory cytokines and adipokines.

To address the above primary aimsthe following studies were carried out:

A. GHD and CVD:

Patients with hypothalamic pituitary disease have excess mortality from CVD.

A survey ofall patients with hypothalamic pituitary disease seen at the neuro-

endocrine clinic was carried to determine the prevalence of CVD and CVD

risk factors in these patients.

A further detailed study of prevalence and adequacy of treatment of CVD risk

factors in a subset of patients with hypothalamic pituitary disease was done.

The influence of GHR on peripheral inflammatory and CV risk factors in

adults with severe GHD wasalso studied.

B. Weight gain and energy homeostasis in GHD adults:

The following hypotheses were constructed in order to investigate the mechanisms of

weight gain and obesity in hypopituitary adults with severe GHD:

Adults with GHD havepositive energy balance dueto alterations in REE,EI,

eating behaviour and reducedvolitional physicalactivity.

GHR would have a beneficial effect on REE, EI, eating behaviour and

volitional physical activity to counter weight gain.

GHDis associated with a failure of postprandial suppression of acylated

ghrelin secretion. This was investigated by examining the dynamic response of

acylated ghrelin to fixed calorie loading before and following GHR.



CHAPTER1.

Introduction & Review of Literature
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Section I: HYPOTHALAMIC-PITUITARY AXIS

Neuro- anatomy ofthe hypothalamus-pituitary axis

The hypothalamus is an essential and highly conserved part of mammalian brain

which is intimately involved in body homeostasis. The homeostatic mechanisms

controlled by the hypothalamus include: water metabolism, temperature regulation,

appetite control, sleep-wake cycle and control of the autonomic nervous system The

ability of the hypothalamus to orchestrate all these essential body functions stems

from the fact that it receives a multitude of sensory signals from the external

environment(e.g. light, temperature) and internal milieu (hormones, gut peptides) and

in turn, it provides a co-ordinated neural and hormonal output to key regulatory sites

like the pituitary gland, cerebral cortex, peripheral and autonomic nervous systems

[1].
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Figure 1. Schematic representation of the hypothalamusandpituitary gland
(Source of image: http://utdol.com/online/content/image. 2007® )

Embryologically, the hypothalamus is derived from forebrain tissue and lies in the

midline on the floor ofthe 3“ ventricle. It is made up of multiple nuclei arranged in 4

regions (preoptic, supraoptic, tuberal & mammillary regions) and three zones:

periventricular, medial andlateral zones[2]. It is functionally and intimately linked to

the pituitary gland through the rich portal circulation around the median eminence.
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The hypothalamic neurones synthesize hypophysiotropic releasing and inhibiting

hormonesdirectly into the portal system which influences the function of the anterior

pituitary gland. In contrast, neurones from the supra-optic and tuberohypophyseal

nuclei directly innervate the posterior pituitary gland [3].

The pituitary gland lies within the pituitary fossa of the sphenoid bone above the

sphenoid sinus. Embryologically and functionally the pituitary gland comprises two

distinct parts. The epithelial portion, which forms the anterior pituitary, has its origin

from the stomodeal ectoderm of the Rathke’s pouch. The neural portion which forms

the posterior lobe, pituitary stalk, and infundibulum arises along with the rest of the

hypothalamusfrom the diencephalic forebrain [3].

The blood supply to the pituitary is in keeping with this dual origin. The anterior

gland receives a majority of its blood supply from the hypothalamo-hypophyseal

portal system with some remaining blood supply via the pituitary capsular vessels

derived from the superior hypophyseal arteries. The neurohypophysis receives its

blood supply from the inferior hypophyseal branches of the internal carotid artery.

Venousdrainage from the anterior pituitary is via the cavernoussinuses, principally

into the petrosal sinuses and thence into the internal jugular veins.

Physiologic regulation ofhypothalamic - pituitaryfunction

Secretion of anterior pituitary trophic hormonesis regulated by hypothalamic peptides

which reach it via the portal system. With the possible exception of prolactin, the

secretion of anterior pituitary hormonesis subject to negative feedback by hormones

from the target glands. This negative feedback control is both at the hypothalamic and

pituitary levels and ensures precise homeostatic maintenance of physiologically

appropriate hormonalsecretion.

Ofall hormonessecreted by the anterior pituitary, growth hormoneis the focus ofthis

thesis and is therefore described in further detail.

12



Section II: GROWTH HORMONE(GH)

a. Structure and Synthesis ofGH

Growth hormone is the most abundant anterior pituitary hormone which is

synthesised, stored and secreted by somatotroph cells of the anterior pituitary. These

cells are predominantly located in the lateral wings of the gland and constitute 35 —

45% ofthe anterior pituitary cell population [3].

The human GH molecule is a single chain polypeptide hormone made of 191 amino

acids. It is the product of the pituitary GH gene (AGH-N) which lies on chromosome

17q22. Circulating GH comprises several heterogeneous forms: 22- and 20-kd

monomers, acetylated 22K and two des-amino GH molecules. The 22-kd isoform is

the major physiologic component accounting for 75% of pituitary GH secretion[1].

 

Figure 2. Peptide structure of human growth hormone
(Source of image: www.ncbi.nlm.nih.gov/bookshelf/picrender)
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b. Physiologic regulation ofGHsecretion

GHsecretion in humansis influenced by a numberofcentral neuro-humoral factors

and peripheral metabolic signals.

Table 1. Factors which regulate GH secretion in humans [1].

FACTORS Stimulation ofGH Inhibitors ofGH release

release

Physiologic Fasting Post prandial hyperglycemia
Exercise Elevated NEFA
Slow wave sleep IGF-1
Stress Aging

Insulin Glucocorticoids (chronic)
Hormones Sex steroids

Glucocorticoids (acute)
Ghrelin

Neuropeptides GHRH Somatostatin (SS)

a 2-adrenergic agonists a —adrenergic antagonists
B-adrenergic antagonists B2 adrenergic agonists

Muscarinic cholinergic Nicotinic cholinergic agonists
agonists Serotonin antagonists
Serotonin agonists
Galanin
GABA

Dopamine

A brief description of these regulatory factors is summarised below:

i. Neuro-humoral regulation:

Pituitary GH synthesis and secretion are regulated by hypothalamic neuropeptides,

growth hormonereleasing hormone (GHRH)and somatostatin (SS), interacting with

other circulating hormonesandperipherally derived peptides at the level of both the

pituitary and hypothalamus.

GHRH is a 44 aminoacid peptide which is synthesised predominantly by the arcuate

nucleus of the hypothalamus. It stimulates pulsatile GH release from the anterior

pituitary somatotrophs. The final common pathway for all factors which eventually

influence pituitary GH secretion is through their effects on hypothalamic GHRH

either acting directly on the GHRH neuronsor through interplay with SS neurons[4].
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Of the two, somatostatin has a more important role in the (negative) regulation of

somatotroph function and GHrelease. SS is a cyclic peptide which exists in two

isoforms: a 14 amino acid somatostatin -14 (SST-14) and 28 amino acid

somastostatin-28 (SST-28). The former, SST-14, is synthesised in hypothalamic

periventricular and arcuate neurones and is the predominant form expressed by the

hypothalamic neurones[1]. SS inhibits GH release via the SST receptors (types 2 and

5) which are abundantly expressed by somatotrophs. It suppresses spontaneous GH

secretion and GH release to all stimuli: GHRH, hypoglycaemia, arginine and

exercise[5].

Many neuro-peptides in addition to GHRH and SS modulate GH secretion in

humans. These include adrenergic and cholinergic pathways [6], serotonin, y-amino

butyric acid (GABA), excitatory amino acids like NMDA and number of other

endogenously occurring hypothalamic peptides like galanin, neuro-peptide Y (NPY),

CRH,neurotensin, VIP and TRH [7].

ii. Peripheral metabolic signals:

The amount of GHsecretion and release is regulated not only by the nutritional status

of the subject but also by nutrient signals themselves. GH influences carbohydrate, fat

and protein metabolism andit is therefore not surprising that the internal metabolic

milieu in relation to all these macronutrients, in turn feedback to influence GH

secretion.

Hyperglycemia (after oral glucose administration) suppresses GH secretion transiently

( about 1-3 hours) followed by a rise 3-5 hours later. This suppression is thought to

be due to increased activity of hypothalamic SS neurones. Hypoglycemia, however,is

a well known stimulus for provoking acute GH secretion. The response to

hypoglycaemia requires an intact GHRH pathway[8].

GHrelease is profoundly inhibited by elevation of FFA levels. Use of an inhibitor of

lipolysis like acipimox decreases plasma concentrations of FFA’s and concomitantly

increases GHRHinduced GHrelease [9].

Fasting, even for 24-hour duration, increases GH secretion by nearly three-fold which

reaches a plateau after approximately 3 days of continued fasting. This increased GH

secretion is mainly due to an increased GH pulse amplitude andis not due to changes

in GH pulse frequency [10].
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Spontaneous GH secretion and GH responsiveness to pharmacological stimuli is

decreased in obese subjects [11]. Further the degree of suppression bears a direct

correlation to total and visceral body fat. The cause of reduced GH secretion in

obesity is multifactorial with one or more of the following contributory factors:

elevated somatostatin tone, reduced GH secretory bursts (but preserved amplitude);

hyperinsulinemia and increased levels of FFA.

iii. Sleep and its effects on GH secretion

One of the most important physiologic regulators of GH secretion is sleep. Sleep

related augmentation of GH secretion usually occurs within minutes after the onset of

slow —wave sleep (SW sleep). GH levels at this time are the highest during any 24-

hour period (figure 3). The neuro-endocrine mechanismscontrolling this nocturnal

GH augmentation are thought to include increased activity of GHRH neurones,

increased pituitary sensitivity to GHRHora circadian decline in SS tone [12, 13].

iv. GH secretogogues [GHSs]:

Bowers and colleagues in 1980 were the first to describe a group of synthetic

compounds called growth hormone secretogogues (GHSs) which are powerful

stimulators of GH release. These include a number of peptide (GHRP-6, GHRP-1,

GHRP-2 and hexarelin) and non peptide (MK-677) derivatives. These compounds,

weight for weight, provoke GHrelease far in excess of that achieved with GHRH

alone or during the insulin tolerance test [14]. An intact hypothalamic pituitary axisis

believed to be crucial to facilitate GH release by GHSs.

v.Ghrelin

Ghrelin is a recently discovered 28 amino acid peptide derived from the gastric

fundus. It is the only endogenously derived ligand for the growth hormone

secretogogue receptor. A further detailed description of ghrelin and its role in

influencing GHrelease and energy homeostasisis discussed in a later section (Section

VID).

vi, IGF-1:

Insulin like growth factors (IGF’s) are a large family of regulatory proteins of which

IGF-1 is a classic, negative feedback regulator ofGH secretion.
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IGF-1 is a 70 aminoacid protein whichis a hepatic derived end product of GH action.

IGF-1 (and IGF-2) circulates as a ternary complex bound to two other proteins: IGF

binding protein (IGFBP) and Acid labile subunit (ALS). Six forms of IGFBP’s exist

in circulation, of which IGFBP-3 is the most abundantand hasthe highest affinity for

IGF-1. The synthesis of ALS occurs exclusively in liver and adipose tissue with GH

being the only hormonal determinantofits synthesis [15, 16].

The binding of IGF-1 to IGFBP-3 and ALSresults in a high molecular weight (140

kd) ternary complex in plasma which prolongs the t% of IGF-1 from 6 minutes to 16

hours. Other factors which regulate IGF-1 synthesis are shown in Table2.

Table 2. Factors which influence hepatic IGF-1 synthesis

Age
Nutritional status

Genetic factors

IGF binding proteins

Hormones( including GH)

Cytokines

Obesity

Adapted from Endocrin Metab Clin N Am 36 (2007): 110

Regulation of IGF-1 in circulation:

IGF-1 levels are highly correlated to GH concentrations. Most of the circulatory IGF-

1 is derived from hepatic synthesis with the rest derived locally by paracrine actions.

GH increases the transcription of IGF-lmRNA in the liver. Estrogens and

glucocorticoids block GH signal transduction and lower IGF-1. Cytokines such as

TNF-a suppress IGF-1 synthesis, as do severe physical stress such as burns and head

trauma. All factors which regulate serum IGF-1 levels do so either by influencing

IGF-1 synthesis or indirectly by altering sensitivity to GH. Insulin has a major

influence on the hepatic synthesis of IGF-1 such that administration of insulin

reverses the refractoriness of IGF-1 synthesis to GH secretion. Thisis classically seen

in insulinopenicstates like type 1 diabetes mellitus. [15, 16]

Age and nutritional status of an individualare two of the other major determinants of

serum IGF-1 levels. In childhood, mean IGF-1 valuessteadily rise by five fold from

birth to puberty between the ages of 13 and 15. Peak IGF-1 levels are seen at puberty

and decline rapidly in the second and third decades to reach 50% of the 20-year-old
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values by the age of 60 [17]. An adequate protein and calorie intake is mandatory to

maintain normal IGF-1 levels in children and in adults [18]. Fasting not only results in

dramatic ( up to 70%) reductions in IGF-1 levels [19] but also blunts the responseto

GH. It is estimated that a calorie intake of 20 kcal/kg and protein intake of 0.6g/kg is

required to maintain normal IGF-1 levels.

The site of IGF-1 negative feedback effect on GHsecretion is still unknown. IGF-1

causes a reduction in GH pulse amplitude, which in men is believed to be due to

stimulation of SS secretion; while in women there is selective inhibition of

hypothalamic GHRH release [20, 21].

c. Pattern ofGH secretion in Man

GHsecretion in humansis pulsatile which in normal adults is characterised by stable

low levels interrupted by secretory bursts in a 24 hour period. These GH- secretory

bursts follow from multiple GHRH-secretory bursts into the hypophyseal portal

circulation. In both children and young adults, maximal GH secretion occurs with the

onset of the first slow wave sleep (usually within the first hour of sleep) [see Figure

31;
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Figure 3. Physiological GH secretion in healthy adult males (left) and

in females (right).
(Source of image: www.endotext.org/figures/figurel 1 .png)

In adult men, the GH secretory pulse with the onset of slow wavesleep (phase 3 and 4

NREMsleep), is the highest and sometimes the only pulse observed throughout the

day. In women with normal menstrual cycles, 24-hour GH pulses are higher than age

matched men, daytime pulses are more frequent and the sleep associated GH pulse is
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not the major contributor of the total GH release. In addition to this gender related

difference in rhythmicity, the cumulative GH secretion in a 24-hour period is also

influenced by age, pubertal status and nutritional status. Between pulses, GH levels

are extremely low and in the majority of normal healthy adults, it is below the lower

detection limit of assays; making random GH measurements unlikely to be of any

value ( apart from in states of excess GH secretion) [13].

d. Functions ofGH

Manyofthe functional effects of GH result from the direct action of this hormone on

various tissues and indirectly through promoting the synthesis and secretion of IGF-1

from the liver. The dual effector theory put forth by Green ef al., postulates that in

some tissues GH acts directly to promote differentiation of cell types, while IGF-1

promotes cell multiplication at the same site; the combined effects of each, thereby

influencing growth [22].

One of the major functions of GH is in promoting post-natal growth. After the

cessation of linear growth, GH continues to be secreted in adults. GH plays an

important role in both children and adults by its diverse metabolic effects on

carbohydrate, fat and protein metabolism.

Table 3. Metabolic functions of GH [23, 24]

Intermediary metabolism GH Action

Carbohydrate metabolism
Acute effects: hypoglycaemia

Chronic effects: hyperglycemia
due to decreased glucose metabolism

and increased insulin resistance

Fat metabolism Lipolysis and increased levels of
NEFA

Protein metabolism Nitrogenretention, protein synthesis

Retention of sodium, water and

Others phosphate
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Section III

GROWTH HORMONE DEFICIENCY (GHD)

a. Causes ofGrowth Hormone Deficiency

Broadly, growth hormone deficiency (GHD) can be congenital or acquired.

Congenital GHD manifests from early childhood and maycontinue into adult life.

Acquired GHDcanoriginate from childhood (childhood onset GHD: CO-GHD) and

continue into adult life or may be acquired in adulthood (adult onset GHD: AO-

GHD).

The commonetiological factors for GHDare listed in table 4.

Table 4. Causes ofGHD based onthetimeof onsetin life [25].

Congenital

Genetic

Transcription factor defects ( PIT-1, PROP-1,

HESX-1)

Defects ofGH gene and GHRH receptor

GHreceptor/post receptor defects

Prader-Willi syndrome

Other structural brain defects

Agenesis of corpus callosum

Septo-optic dysplasia

Empty sella syndrome

Idiopathic

(including isolated GHD)

Acquired

Tumours of hypothalamus & pituitary

Pituitary adenoma

Craniopharyngioma

Rathke’s cleft cyst

Other primary brain tumours(e.g. Glioma)

Metastasis

Cranial Irradiation (CI)

Traumatic brain injury (TBD &

Sub-arachnoid haemorrhage (SAH)

Infiltrative/Granulomata

Langerhanscell histiocytosis (LCH)

Sarcoidosis

Lymphocytic Hypophysistis

Surgery

Trans-sphenoidal

Trans-cranial

Idiopathic
(including isolated GHD and auto-immune)
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GHDin adults can be broadly considered into 3 main categories:

i, Patients with CO-GHD which continues into adult life

In addition to the rare congenital genetic defects, some of the other causes for CO-

GHDinclude tumours,infiltrative disorders and cranial irradiation (CI).

The effect of CI depends not only on the age at radiotherapy [26] but also the dose of

irradiation [27]. The youngerthe patient, the higher the biologic effective dose (BED)

of CI and longerthe interval since CI, the greater is the chance of developing GHD.In

the study by Gleeson et al [26], the GHsecretory status was examinedin a large

cohort of 73 children who were irradiated in childhood. It was found that patients

most likely (>50% likelihood) to be severely GH deficient were those who had

received a BED of greater than 40Gy for brain tumours or haematological

malignancies. In the same study, age at CI was an independent predictor for

subsequent developmentof severe GHD.

Other dysfunction of the hypothalamic-pituitary axis is also time dependant with

increased incidence and severity of hormonaldeficits occurring with longer durations

of follow-up. The progressive nature is believed to be the result of pituitary atrophy

secondary to lack of hypothalamic trophic factors ( like GHRH) as the hypothalamus

is more sensitive for radiation induced damagethan the pituitary glanditself [28].

ii, Acquired GHDin adultlife

GHDin adults is most commonly a consequenceofa pituitary adenomaortheresult

of treatment of the adenoma with surgery or CI. Microadenomasrarely result in

hypopituitarism in contrast to macroadenomas which are more frequently associated

with single or multiple hormonedeficiencies. In addition to pituitary adenomsperse,

other parasellar space occupyinglesions like craniopharyngiomas, Rathke’s cleft cysts

and meningiomasalso disrupt the neuro-anatomic connections and vascular supply of

the hypothalamic-pituitary axis to result in hypopituitarism either directly from mass

effects or as a result of treatment(s)[25].

The development of hypopituitarism following surgery (trans-sphenoidal or trans-

cranial) depends not only on the size of the initial tumour but also on the degree of

invasion of adjacent cranial structures and the surgical expertise of the neurosurgeon

[29].
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CI is known to result in progressive development of hypopituitarism when followed

over time. More than half of patients who receive external radiotherapy are deficient

in one or more pituitary hormonesafter 5 years [30, 31] ; and nearly all are GH

deficient after 8 years [30]. In a study by Littley et a/.,[30] it was found that the

sequence of hormone deficiencies were as follows: GH>FSH/LH>ACTH>TSH.

Regular endocrine testing, possibly even life long, is recommendedfor all patients

who have received CI. This will allow for the early detection and treatment of

pituitary hormonedeficits.

Recent reports suggest hypopituitarism can follow traumatic brain injury (TBI) and

sub-arachnoid haemorrhage (SAH) [25]. It is estimated that the prevalence ofanterior

pituitary dysfunction following TBI might be as much as 30-70% [32]. Patients with

an initial Glasgow Coma Scale of 13 should be evaluated for pituitary dysfunction

although there is as yet no consensusfor the earliest time when this evaluation should

be carried out. GH is the first hormone to be deficient in 9-40% of patients following

TBI [33]. The natural course of changes in pituitary function in such patients is

unclear. Early post traumatic pan hypopituitarism however generally persists as a

permanentfeature and will require appropriate hormone replacement therapy [32].

iii. Idiopathic GHD (IGHD)

Idiopathic GHDrefers to another distinct group of patients who have biochemically

documented GHDin childhood and sometimes even receive GHR during childhood,

but some of whom normalise their GH responses on retesting in adulthood [34, 35].

This is particularly seen in patients who have partial GHD (peak GH level of 10-20

mU/L) on dynamic testing or those who do not have obvious structural defects

involving the hypothalamic-pituitary axis to account for their GHD. Similarly,

idiopathic GHDcan also rarely occur in adulthood either in isolation or with other

pituitary hormone deficits. Such patients may have an autoimmune (pituitary

antibodies) or vascularetiology.

b. Diagnosis ofGHDin adults

Overthe last 15-20 years, with the increased recognition of GHDasa distinct clinical

entity in adults and the greater availability of recombinant human growth hormone as

a means of therapy, it has become increasingly important to accurately diagnose

adults with symptomatic GH deficiency. In the UK, as a consequence of the costs
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associated with GH replacement, the National Institute of Health and Clinical

Excellence ( NICE) recommendsthat to qualify for GH replacementtherapy, patients

with hypothalamic-pituitary disease, require demonstration of not only an impairment

of quality of life as a result of GH deficiency ( using an appropriate disease specific

questionnaire) but additionally, the demonstration of impaired GH secretory capacity

using a suitable provocative test [36].

The GH Research Society (GRS) recently published comprehensive consensus

guidelines for the diagnosis and treatment of adults with GHD [37]. This document

highlights the importance of making a diagnosis of severe GHD using biochemical

criteria in an appropriate clinical context. The clinical scenario now includes the

previously existing patient categories of congenital and acquired hypothalamic-

pituitary disease (as a result of surgery, tumour or cranial irradiation) as well as

patients with TBI or previous SAH.It is well known that in patients with organic

hypothalamic-pituitary disease, the likelihood of GH deficiency increases with

multiple pituitary hormonedeficits ( from 45% with no other hormonedeficits to ~

100% with 3 or 4 hormonaldeficits) [38, 39].

Dynamic tests ofGH secretion

Biochemical testing for GHD involves one (or more) provocative tests of GH

secretion. The insulin tolerance test (ITT) is historically considered a “gold standard”

test and provided adequate hypoglycaemiais achieved, this test is useful to assess GH

secretory reserve. The recent 2007 GRS Workshop reviewed previous data and

concluded that GHRH + arginine, GHRH+ growth hormone releasing peptide

(GHRP) and glucagon stimulation test (GST) are well validated in adults and are

therefore suitable alternatives in situations where the ITT is contraindicated ( e.g. in

children and the elderly, in those with IHD andin patients with seizures) [37] . The

combined tests (GHRH + arginine or GHRH + GHRP) evaluate maximal GH

secretory capacity whilst the ITT evaluates the integrity of the hypothalamic-pituitary

axis and ACTHsecretory reserve additionally. The ITT is therefore superior to the

tests which use GHRH because GHRHdirectly stimulates the pituitary somatotrophs

and can therefore give a falsely normal GH responsein patients who are GH deficient

due to hypothalamic disease (e.g. following cranial irradiation). Hence, patients with

previous cranial irradiation who have been shownto have a normal GH response to
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GHRH arginine should ideally be re-tested by means of an ITT [37]orif the latter

is contraindicated, arginine alone may be used without GHRH.

The utility of glucagon stimulation (GST) has been previously evaluated in normal

adults [40, 41] and in patients with pituitary disease [42]. An audit of 500 tests from

our unit showed that the GST was well tolerated and could provide simultaneous

assessment of the GH and ACTHsecretory reserve. This test is therefore the used in

this unit [43].

The diagnostic cut offs to define the presence of severe GHD using provocative tests

have been widely studied in the past [44]. The more recent document[37] mentions a

validated peak GH cut off o& 3 ug/ L for the diagnosis of adults with severe GHD

using either the ITT or GST.

All biochemical provocative tests for the diagnosis of AGHD are complicated by the

intrinsic variability introduced due to the following factors: lack of normative data

adjusted for age, gender and BMIofsubjects tested; by the stimulus used and by GH-

assay variability [25].

Assays for GH

Plasma GH is measured by RIA (polyclonal or monoclonal) or by IRMA

(immunoradiometric -dual monoclonal). The measured GH concentration therefore

depends on the type of assay used in its detection. This is because endogenously

secreted GH has different isoforms (22- and 20-kd monomers, acetylated 22K) with

different antibodies binding to a heterogeneous spectrum of GH isoforms. Also, the

secretion of these differing isoforms has an inter-individual variability, making it

difficult to compare GH results from different immunoassays[45]. The older

diagnostic cut-off for the ITT was based on results obtained with polyclonal

competitive radioimmunoassay (RIA) calibrated against the pituitary derived

International Reference Preparation (IRP) 80/505 (Img = 2.6U), which was then

changed in 1998 to a different recombinant hGHpreparation: IRP 88/ 624 ( lmg = 3.0

IU) [46].

Recognising the difficulties created and the potential for discrepancies between GH

results created by use of calibrants with differing characteristics; the widespread use

of two units (mU/L and ug/L), differing conversion factors used between the units

and different antibody specificity, a consensus statement by international
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collaborators [47] and the current GRSsociety guidelines[37] both recommend the

universal use of IRP 98/574, a recombinant 22kD GH of 95% purity, as a single

calibrant for GH immunoassays. Additionally, it is recommended that all GH

measurements be reported in micrograms/L (ug/L) of IS 98/574 (Img = 3.0 IU of

somatropin).

Markers _of GH action

IGF-1 is currently the only universally recognised marker of GH action and in the

appropriate clinical setting, an IGF-1 level clearly below the age and gender adjusted

reference rangeis predictive of underlying GH deficiency [37]. However, serum IGF-

1 levels, as previously discussed, are influenced by a number of physiological and

pathological factors. A normal IGF-1 level does not rule out GHD except in young

adults where the separation between pathological (GH-deficient) and normality is at

its greatest. With the physiological decline in IGF-1 levels with aging, especially over

the age of 50 years, serum IGF-1 values can significantly overlap between normal and

GHDsubjects. Hence, measurements of IGF-1 levels in isolation are not diagnostic of

GH deficient state. IGFBP3 and ALSalso have no additional value over IGF-1 in this

situation [37].

As with GH assays, similar problems exist for IGF-1 assays. The GRS therefore

recommendsthe use of a universal calibrant and the publication and use of normative

and age and gender adjusted normal ranges for reporting IGF-1 measurements [37].

Whom to test?

Adults with GHD due to organic hypothalamic pituitary disease and one or more

pituitary hormone deficits will require only one provocative test for the diagnosis of

GHD.Somepapers contendthat in the aboveclinical situation, if serum IGF-1 levels

are additionally below the age and gender adjusted reference range, the likelihood of

GHDis > 97% making the use of a provocative test unnecessary [37, 48].

For adults with a diagnosis of isolated GHD, it is recommended that two different

provocation tests be done to assess GH status as peak GH concentrations achieved

will be test dependent.

Patients with CO-GHD require retesting in adulthood after cessation of GH

replacement following completion of growth. Patients with multiple pituitary

hormonedeficits, structural pituitary or peri-pituitary disease and CI rarely revert to
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normal GH status and require continued GH replacement. Such patients and those

with genetic GH deficiency do not require retesting in adult life [25].

c. SyndromeofAdult Growth Hormone Deficiency (AGHD)

AGHDis a well recognised and well characterised clinical syndrome characterised by

alterations in body composition, dyslipidemia, reduced bone mass, adverse

cardiovascular risk, abnormalities in substrate metabolism (carbohydrate and protein),

reduced QOL and mood. Hypopituitary adults with untreated GHD have also been

shownto have an association with premature cardiovascular morbidity and mortality

which will be discussed separately.

The clinical features which are commonly observed in GHD adults are shown in

Table 5.

Table 5. Commonclinical features in GHD adults

Symptoms Signs

Depressed Mood Increased body fat (BF)

ReducedVitality Reduced lean body mass (LBM)

Reduced Energy Reduced ECF volume

Social isolation Reduced muscle bulk & strength

Impaired emotionalreaction Reduced bone mass

Reduced exercise capacity

Increased waist : hip ratio

Adapted from Cuneoet al., [49]

i. Effects of GHD on Body Composition:

One of the most commonly recognised feature of AGHDis that of an abnormal body

composition characterised by an increased fat mass ( body fat) and reduced muscle

mass( lean body mass).

Increased bodyfat (BF)

The excess body fat is estimated to be anywhere between 6-8 kg higher in untreated

GHDadults compared to controls. The study by Rosenet al.,[50] assessed the body

composition of 106 hypopituitary adults ( 69 males & 37 females) by the four
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compartment model and found male and female patients to be 7.5kg and 3.6 kg

heavier, respectively, than their predicted weight. The excess weight in GHD adults in

this study was due to a near 6.0kg excess body fat. A similar increase in body fat

(especially subcutaneousfat) was also reported in 42 GHD adults whohadtheir body

composition measured by anthropometry and bioelectrical impedance [51]. With the

availability of better imaging techniques (e.g. CT and MR scanning), it has been

possible to visualise this excess body fat in different adipose tissue compartments and

additionally measure changesin these different compartments with institution of GH

replacement[52, 53].

The excess body fat in GHD adults is abnormally distributed with a predominant

deposition in the visceral fat compartments [53, 54]. This increase in intra-abdominal

fat manifests as increased waist: hip ratio, which is a well recognised cardiovascular

risk factor. There is also suggestion that subcutaneous fat may be increased on the

basis of skin fold thickness measurements[51].

Reduced lean body mass (LBM)

Untreated adults with GHD have reduced muscle mass (LBM) — a feature which is

universally present irrespective of the methods used to measure body composition.

Typically, LBM was shownto be between 8% ( as assessed by total body potassium)

[55] and 11% ( assessed by total body water)[56] lower than predicted from age,

height and weight in GHDadultsthan in controls.

Further, cross sectional studies using CT scans to measure thigh [57] muscle area

have shown reduced muscle massin these sites in GHD adults comparedto controls.

For example, in the above study, the proportionate composition of the thighs was 65%

muscle: 35% fat as opposed to an 85:15 ratio in healthy individuals.

Reduced extra cellular water (ECW):

Assessment of body composition by bio-impedance analysis (BIA) and using the four

compartment model have both revealed that the state of GHD is associated with

dehydration of body tissues. This is demonstrated by an abnormally high body

resistance by impedance measurements [58] and by a significantly reduced ECW

content ( 2.4 and 2.8 kg in males and females respectively) using isotope dilution

measurements in adults with GHD [50].

2}



ii. Effects of GHD on muscle strength, exercise capacity & aerobic performance

Adults with GHD commonly describe fatigue, reduction in exercise capacity and

reduction in muscle strength as symptoms which interfere with their physical

performance andactivities of daily living. These physical effects could be the result of

a combined effect of reduction in muscle mass, reduction in muscle strength and

reduced cardiac function [24, 59, 60].

A number of studies have shown significant reductions in isometric force in the

quadriceps muscle groups in adults with GHD. Similarly, lower torque values for

knee flexors and extensors in isokinetic studies have also been reported in such

patients compared to healthy controls [24, 61, 62].

Potential explanations for this reduction in muscle strength and symptomsoffatigue

described by patients with GHD include changes in the size and/or distribution of

muscle fibre type and abnormal neuromuscular functions in skeletal muscle motor

units [63-65]. Electromyographic (EMG) and biopsystudies of the biceps muscle in

untreated GHD adults have shown abnormal motor unit innervation and alteration in

the recruitment of motor units compared to healthy controls [66].

Exercise capacity is commonly assessed by measuring maximal oxygen uptake

(VO2max) during a progressive cardiopulmonary exercise test. Measurement of

VO2max provides an objective assessment of a subjects’ cardiac and pulmonary

reserve and is a widely accepted test of physical work capacity [67]. Evaluation of

maximal aerobic performance in GHD adults has consistently shown a markedly

reduced VO2maxby a factor of 18 — 28% comparedto that predicted for age, height

and weight. The deficits were evident during treadmill testing and bicycle ergometry

[68, 69]. On a comparative basis, this deficit in physical work capacity in untreated

GHDadults is similar to those observed in individuals with heart failure [70]. Other

factors which are believed to contribute to the reduced exercise capacity in subjects

with GHD include impaired cardiac function [60], reduced red cell volume due to

impaired erythropoeisis [71], reduced lung functions [72] and impairment of sweating

— the latter being the only meansofdissipating body heat.
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iii. Effects of GHD on Cardiac Function

Excess cardiovascular risk noted in adults with untreated GHD [73] could result not

only from direct effects on vascular function and traditional cardiac risk factors but

also from structural alteration in cardiac size and function.

Cardiac function is shownto be significantly impaired in GHD. Patients with CO-

GHD and young (<40 years) GHD adults have reduced left ventricular systolic

function, reduced stroke volume and diastolic dysfunction. Additional

echocardiographic features which have been reported include reduced LV posterior

wall and interventricular wall thickness, reduced LV mass and diameter. This

impairmentof cardiac function has been found both at rest and during peak exercise;

the latter finding might account for the reduced exercise capacity which is

experienced by GHD adults [60, 74, 75].

iv. Effects of GHD on EE

Adults with GHD have been shownto have no changein their resting energy andtotal

energy expenditure when compared to healthy matched controls. Measures of REE

and TEE have been in the normal or lower end of reference range in a number of

studies [76-79] whichis in contrast to the study by Burt et al., [80] who showedthat

after correction for lean body mass, REE (kcal /d)was significantly lower in their

GHD cohort (1325 + 35) compared to normal controls and subjects with Cushing’s

syndrome ( 1458 + 39 and 1489 + 41) respectively.

y. Effects of GHD on Psychological well-being and Quality of Life [QOL]

Oneofthe best recognised clinical aspect of AGHD syndromein hypopituitary adults

is reduced psychological well being. Hypopituitary patients with GHD describe a

number of adverse features such as reduced vitality and energy, greater emotional

lability, social isolation, low mood andoverall a poorlife quality [81-84].

Initial objective measurements of QOL were done using generic health status

questionnaires such as Nottingham Health Profile (NHP) and Psychological General

Well Being Schedule (PGWB) [82-84], but more recently “disease-specific”

questionnaires have been more widely used [85, 86]. The Assessment of Growth

Hormone Deficiency in Adults questionnaire (AGHDA) is well validated and

normative data is available for UK, Spanish and Swedish populations. The AGHDA

questionnaire has beencriticised for the lack of normative reference data in different
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countries; for its inability to take into account differing QOL expectationsin different

countries and byits inability to separate the measured QOL into domains. Another

questionnaire for use in AGHDis the newer QLS-H (Quality of Life Satisfaction-

Hypopituitarism) questionnaire, which has the advantage of providing scores which

are first weighted by each individual patient according to the importance they place

on a particular item. The QLS-H questionnaire has also been translated and validated

more widely than the AGHDA[24, 87].

The impairmentin life quality reported by adults with GHDis heterogeneousin that

even with severe biochemical GHD, some adults report a normal QOL comparedto

others with less severe GH deficiency [88]. Also, adults with CO-GHD haveless

significant impairments in life quality in comparison to those with who develop GH

deficiency in adulthood. The explanation suggested for this difference is probably due

to an adaptation mechanism whereby those with CO-GHD have adapted to less

demanding challenges in life which they can cope with and which is within their

limitations [88-90]. When one considers the effect of normal aging process with QOL

in patients with organic hypothalamic pituitary disease, elderly patients ( mean age 71

years) with GHD were shownto have significant impairments in multiple aspects of

QOL ( e.g. emotional reaction, social isolation, mental fatigue) compared to matched

controls in a study reported by Li Voon Chong ef al., from this unit [91].

Interestingly, the overall scores for QOL impairments in the elderly were less severe

when compared to younger GHDadults from the same area [91, 92]. Also when the

same cohort with untreated GHD were followed up over a further 2 years, there were

continued impairments in some QOL domains(e.g. less energy, less vitality, lower

self-esteem) over the period of follow up. Additionally, the control group also had

similar impairments in life quality to a degree which wasindistinguishable from GHD

patients at the end of 2 years [93].

The mechanism(s) underlying the impairment in life quality in GHD adults is possibly

multifactorial and to date bears no correlation to metabolic, body composition or

biochemical parameters. Adults with hypothalamic-pituitary disease require life long

hormone replacement treatment(s) and follow-up.It is therefore conceivable that the

combination of having a chronic illness requiring long term care, the effect of having

had neurosurgery and/or radiotherapy and the prospect of possibly requiring these in

future and the effects of treatments on vision, neurological and psychological function
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mayall put together contribute to the developmentof significant impairments of QOL

in adults with hypopituitarism and GHD [24, 92, 94].

Section IV

HYPOPITUITARISM & CARDIOVASCULAR RISK

Epidemiology of Cardiovascular disease in Hypopituitary Adults

The global burden of CVD is high andis projected to rise over the next few decades.

Deaths from CVD accountfor close to one-third of total deaths globally. In 2005, the

WHO estimated that CVD accounted for 17.5 million deaths worldwide

(http://www.who.int/cardiovascular_diseases/en/), with a significant proportion of

these deaths attributable to ischemic heart disease [IHD] and ischemic

cerebrovascular disease respectively. This rising trend in CVD is mostly driven by a

combination of an increasingly aging population, an epidemic of diabetes mellitus

(mostly type 2 diabetes), obesity, physical inactivity and tobacco use.

Whilst deaths from CVD remains an important cause of morbidity and mortality in

the general population, epidemiological studies in the early ‘90’s demonstrated that

hypopituitary adults have excess cardiovascular mortality. This was further confirmed

in a larger study published in 2001 for patients followed up until the year 2000 (Table

6).

Table 6. Studies of CV mortality in hypopituitary adults with untreated GHD

Study Patient Yearsof follow RR (CV mortality)

numbers up

Rosen & Bengtsson, 1990 [95] 333 1956 to 1987 1.95

Bates et al, 1996 [96] 172 1967 to 1994 1.35

Bilowetal, 1997 [97] 344 1952 to 1992 1.75

Tomlinsonet al, 2001[98] 1014 1992 to 2000 1.87

A critical review of these earlier studies by Erfurth ef al [99] highlighted some

important caveats to consider in the interpretation of excess CV mortality. These

include: differences in rates of cranial irradiation [CI], other pituitary hormone
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substitutions (e.g. excess glucocorticoids), and variable durations of follow-up and

misclassification of outcomes. In the study by Tomlinson et al., in 2001 [98], the

other interesting observations were that the standardised mortality ratio in women was

higher than in men (RR 2.29 vs. 1.57), higher in younger patients, in those with a

diagnosis of craniopharyngiomaandin those with untreated gonadotropin deficiency.

Excess mortality in this study was due to cardiovascular (RR 1.82) and

cerebrovascular (RR 2.44) events.

Increased mortality from cerebrovascular disease in patients with hypopituitarism was

also demonstrated in two other retrospective studies donein the late 90’s [97, 100]. In

both studies involving similar numbers of patients, cerebrovascular mortality was

found to be higher; ( SMR 3.39 [97] and RR 4.11[100]) compared to the control

population. In both studies, once again a gender difference in cerebrovascular

mortality was observed with womenbeing affected nearly 2-3 times more often than

men. The conclusion from both studies suggested that in addition to the effect of

radiotherapy itself on the cerebral vasculature, other possible risk factors included GH

deficiency and inadequate substitution of other anterior pituitary hormones.

When discussing the excess CV mortality and morbidity, it is important to consider

that at the time the early studies were reported, there were no evidence based

guidelines recommending strict control of hypertension and dyslipidemia in

populations deemed to be at high risk for cardiovascular events as is in current

practice. Also, rates of smoking were possibly higher and cranial irradiation was used

more regularly. Techniques of pituitary surgery have also improved considerably

nowadaysashas technology for more focussedpituitary irradiation.

Pathogenesis of Atherosclerosis:

Cardiovascular disease (in the cerebral, coronary and peripheral arterial beds) is the

end result of a series of cellular and molecular processes which damages the blood

vessel wall — a process called atherosclerosis. It is now well established that

atherosclerosis is an inflammatory process affecting the wall of large and medium

sized muscular andelastic arteries. The current hypothesis concerningthe initial step

in this cascade of events appears to be endothelial dysfunction. Some of the possible

etiological factors leading to endothelial dysfunction include low density lipoprotein

[LDL], free radicals generated by diabetes mellitus, hypertension and smoking,

hyperhomocysteinemia and Chlamydia. The next step in this processis the release of
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a number of chemokines, cytokines and growth factors by the damaged endothelium

which recruits monocyte derived macrophages and T lymphocytes. Continued

inflammation results in accumulation of greater numbers of these two cell types and

further activation by hydrolytic enzymes and chemokinesleading to proliferation of

smooth muscle cells, release of growth factors and laying down offibrous tissue

forming a complicated plaque [101]. Plaque formations on arterial walls lead to

irregularity and narrowing of the vessel wall which creates shear forces, which in turn

predisposes plaque rupture, in-situ thrombus formation and infarction of the parent

organs and hence morbidity and mortality from athero-thrombosis.

ATHEROSCLEROTICRISKFACTORSAND GHD

In this section, the interactions between GH and some well knownatherosclerotic risk

factors will be considered. Also, the role played bythese risk factors in states of GHD

will also be discussed which could potentially explain the excess cardiovascular

mortality and morbidity in hypopituitary patients.

a. Hypertension

Increased prevalence of hypertension amongst GHD adults has been reported in some

[102, 103] but not in other studies [104]. Data from 2589 patients enrolled in the

KIMS database [105] showed up to 15% of patients had a medical diagnosis of

hypertension while an observational study from Spain showed that up to 22% of

nearly 1000 GH deficient patients had high blood pressure[103]. In a study done in

our unit in 2005-06, we found that hypertension was prevalent in 26% of 526 patients

with hypothalamic pituitary disease [106]. It is worth bearing in mind that the

definition of “hypertension” and the cut-offs identified for initiation of anti-

hypertensive treatment and the targets to aim for have changed considerably in the

last two decades. This will therefore influence rates of prevalence and adequacy of

treatment when comparing currentclinical data with those reported previously.

The pathogenesis of hypertension in adults with hypopituitarism is not known

although one small study suggested that this could result from increased sympathetic

nervous system activity [73]. Hypertension in the KIMSstudy correlated positively

with traditional well recognised factors such as increasing age, duration of GHD,

waist circumference and smoking habit.

33



b. Dyslipidemia

Adults with untreated GHD havea lipid profile characterised by elevated total- (TC)

and LDL- cholesterol (LDL-C) and apo-lipoprotein B ( apo-B) levels [107, 108] and

variable abnormalities in HDL-cholesterol (HDL-C) andtriglycerides (Tg) [72, 109].

In GH deficient adults, the secretion and clearance of VLDL apoB and LDL apoBare

both reduced. Catabolism of LDL is additionally impaired as GH normally up

regulates hepatic LDL receptor. An increased proportion of small dense LDL particles

(which are more atherogenic) have also been found in GHD adults[73, 110, 111].

Abdu ef al.,[112]compared the lipid profile and coronary risk predicted by the

Framingham heart study equation in GHD hypopituitary adults and healthy age- and

gender-matched controls. The salient findings in the study were the significantly

increased BMI, WHR, TC, and LDL-C (in both sexes) in patients compared to

controls. HDL-C was lower only in female patients. No difference in apo-B was noted

between patients and controls. Calculated absolute coronary risk was significantly

greater in GHD adults (mean 4.82% vs. 2.94%, p =0.04) than controls. The study

concluded that using risk factor modelling, excess coronary risk in hypopituitary

adults was largely explained by an abnormal lipid profile. The dylipidemia itself was

partly the result of the GH deficient state per se and partly due to the abnormal body

composition in hypopituitary adults.

Anidentical dyslipidemic profile characterised by increased TC and LDL-C wasalso

reported amongst 2589 GH-deficient hypopituitary adults enrolled in KIMS (Pfizer

International Metabolic Database). At baseline, mean TC was 5.9mmol/L which

increased linearly across age groups, with a 0.2mmol/L higher value reported in

females compared to male patients. Approximately, 71% of patients had a TC levels

above the desired value of 5.2mmol/L [This study predates the JBS2 guidelines

[113]]. Further, the dyslipidemic profile was correlated to increasing age, female

gender, smokingstatus and patients on anti-epileptic medications[105].

c. Glucose metabolism and Insulin sensitivity:

Insulin resistance is currently a well recognised feature of the metabolic syndrome

whichis linked to excess CV disease and CV-related mortality. Insulin resistance is

associated with decreased insulin stimulated glucose uptake by skeletal muscle and
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adipose tissue, enhanced lipolysis and hepatic glucose production, hypertension,

dyslipidemia, and glucose intolerance which canlead to frank diabetes mellitus [114].

The regulation of glucose homeostasis in GH deficient adults is a complex process

because of the variable influence of GH on insulin action and insulin sensitivity.

Fasting insulin levels have been found to be low, normal and even high in GHD adults

in different case studies [49, 115]. Using a hyperinsulinemic euglycemic clamp,

Johansson et al [116] demonstrated a 2-3 fold reduction in insulin sensitivity

compared to controls in 15 GHD adults despite normal fasting glucose and insulin

levels. Insulin clamp studies have additionally shown that insulin resistance in these

subjects is due to defects in the insulin stimulated glycogen synthetase (GlySyn)

activity of the glucose storage pathway in skeletal muscle [117]. The degree of insulin

resistance and impairment of GlySn activity seen in GHD adults is similar in degree

to that seen in patients with type 2 diabetes mellitus [118]. Other defects in the

glucose storage pathway which lead to severe insulin resistance in GHD adults

include elevated intramuscular glucose levels, reduced glucose-6 phosphorylation and

glycogen synthesis. This reduction in insulin sensitivity was also found to relate

inversely to the duration of GH deficiency, basal IGF-1 levels and triglyceride levels,

but not to obesity, and occurred despite the presence of normal glucose, insulin, C-

peptide and FFA concentrations in GHD adults compared to controls[117, 118].

d. Inflammatory markers and Cytokines:

The role played by inflammation in the initiation and perpetuation of vascular

atherosclerotic process is well known. Monocyte adhesion and migration into arterial

walls is one of the earliest events in atherogenesis. These in turn through activation

and differentiation into tissue macrophagespotentiates the atherosclerotic process by

secreting numerous pro-inflammatory cytokines and growth factors. Peripheral

markers of inflammation such as high- sensitivity C-reactive protein (hs-CRP) and

interleukin 6 (IL-6) are knownto correlate with the degree of atherosclerosis [119]

andthe risk of future atherosclerotic events [120]as shownin table 7.

35



Table 7. Circulating inflammatory cytokines and CV risk in general population

Inflammatory Origin Systemic effects Association with CV
marker risk

1. hs-CRP acute phase protein activates classical (= 2.11mg/L)*
complement 3-fold increased coronary

synthesised in the pathway and
liver 2-fold cerebrovascular risk

[121]

2. IL-6 pleiotropic propagates (> 2.28 pg/ml)*
circulating cytokine inflammation 2.3 fold increaserisk of

myocardialinfarction

monocytes, increases [122]

tissue macrophages, production ofCRP
adipocytes and fibrinogen ( > 3.19pg/ml)*

2-fold increasedrisk of
death[123]

* Figures indicate the highest quartile of each marker associated with greatest relative risk.

Circulating levels of hs-CRP and IL-6 in GHD

Several animal and humanstudies have shown that GH plays an importantrole in the

regulation of the immune system. Somerecognised alterations of the immune system

at a cellular level in GHD adults include reduced activity of natural killer cells,

thymic hypoplasia and defective antibody- and cell-mediated immunity. Alteration in

monocyte/macrophage cytokine production and endothelial adhesiveness has also

been described in adult hypopituitary subjects [124].

A numberofstudies have reported on baseline levels of circulating inflammatory

markers in hypopituitary adults before commencement of GH replacement therapy

(table 8). The mean baseline values of circulating hs-CRP have been greater than the

highest quartile @ 2.11mg/L) recorded in the Physicians Health Study. This cut — off

value, as shown in table 7, was associated with the highest relative risk of CV events

[120] in the general population.
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Table 8. Mean baseline levels of circulating inflammatory markers in

hypopituitary adults

Inflammatory Baselinelevel Study reference

marker (mean)

1. hs-CRP

3.5 mg/L Andreassenet al [125]

3.8 mg/L McCallum et al.[126]

4.4 mg/L Sesmilo et al., [127]

4.46 mg/L Leonssonet al [119]

4.7 pg/mL Yuen et al.[128]

5.2 mg/L Bollerslev et al.[129]

6.5 mg/L Colao et al.[130]

6.9 mg/L Beauregardet al.[131]

2. IL-6

1.6 pg/mL Andreassenet al [125]

3.5 ng/L Gomezet al [132]

4.57 pg/ml Leonssonet al [119]

In a study comparing 53 hypopituitary womento 111 healthy controls, Sesmiloet al.,

[133] using a multivariate model, showed that levels of CRP were dependant on the

presence of hypopituitarism, BMI and estrogen use. The same study also reported a

negative correlation between CRP and IGF-1 levels. The influence of BMI on CRP

levels was also noted in a Swedish study which reported higher CRP levels in GHD

adults compared to BMI-matched controls and non obese adults (mean 2.5mg/L

vs.1.5mg/L vs.1.0mg/L respectively)

[119].

In parallel with raised concentration of hs-CRP levels, elevations in basal IL-6 levels

have also been reported in hypopituitary adults as shown in table 8. Median IL-6

concentrations were increased by 208% and 248% in GHD patients compared to BMI

— matched and non obese controls respectively in 34 adults with untreated GHD

[119]. Similarly, basal IL-6 levels and basal monocyte production of IL-6 was

significantly increased (340% over control and 1479% over control respectively) in

12 GH deficient adults studied prior to GH replacement [124]. IL-6 is produced by

adipocytesandraised levels are associated with abdominaladiposity [134]. Given that
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untreated GHD adults have excess abdominal fat, it has been suggested that the

elevated IL-6 levels seen in these patients is the result of increased BMI and fat

mass[133]. However, Leonsson et al., did not find an association between higher IL-

6 levels and BMI [119]. An independent association between raised IL-6 levels and

common carotid IMT was observed in the same study [119] lending support to the

conceptthat increased inflammatory activity of the vessel wall may be contributory to

increased CVrisk.

Circulating levels of TNF-a in GHD

Tumornecrosis factor-alpha (TNF- a) is produced by macrophages and T-cells in

response to inflammatory stimuli and in turn exerts a range of inflammatory and

immunomodulatory effects. It propagates the inflammatory response and stimulates

the macrophage production of IL-1 and IL-6. TNF- a and IL-6 are present in

atheromata in humanarterial walls [124].

The interaction between GH and TNF- a has been shownin experimental and in vitro

studies. TNF- a directly modulates GH release through receptors in the hypothalamus

and pituitary. Conversely GH itself has been shown to prime monocytes and

macrophagesto release IL-6, IL-1 and TNF- a [135].

The interactions between a GH deficient state, GH replacement and levels of TNF- a

have been studied mostly in the paediatric population, wherein contradictory findings

have been reported [135-138]. In the setting of AGHD, increased levels of TNF- a

have been reported in adults with untreated GHD. Basal TNF- a levels were 220%

above control values and basal monocyte production of this cytokine were reported

484% above control [124]. In the same study, no correlation was found between

plasma cytokine levels and monocyte cytokine production and body composition,

lipid profile, IGF-1 levels and IGFBP-3 levels. Higher TNF- a (and IL-6) levels were

reported by Twickler ef a/., in 10 AGHD patients compared to controls. The higher

levels of inflammatory cytokines seen were believed to be due to the effect of

atherogeniclipoproteins in the post prandial period [139].

Other vascular risk factors in AGHD

In addition to the above markers, elevated homocysteine levels [140], abnormalities in

the fibrinolytic system and elevated levels of tissue plasminogen activator inhibitor-

1(PAI-1) [141-143] have been previously reported in hypopituitary adults.
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Other abnormalities of the vasculature such as reduced nitric oxide (NO) synthesis

[144], increased carotid intima-media thickness (IMT) [145-147], large artery

stiffness, impaired arterial distensibility [148] and impaired flow mediated dilatation

(FMD)[73] have also described in GH deficient adults.

In summary therefore, there is evidence that hypopituitary adults with untreated GHD

have significant alterations in serum concentrations of a number of traditional

inflammatory markers and cytokines which, in the general population, are linked to

excess cardiovascular risk. Several of these pro-atherogenic markers are also

associated with obesity, type 2 diabetes and the metabolic syndrome. With the added

recognition that GHD adults also have an adverse body composition (visceral

obesity), atherogenic lipid profile, poor exercise capacity, cardiac dysfunction and

abnormalities in the vasculature and vascular endothelium, it is no surprise that, as a

group, hypopituitary adults with untreated GHD have premature mortality from

atherosclerotic cardiovascular disease.
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Section V

GROWTH HORMONE REPLACEMENT[GHR]

a. Clinical aspects ofGHR in AGHD

It is important that before embarking on GHR,adults with severe GHD havea full

evaluation and appropriate optimal replacement of all other associated pituitary

hormonedeficiencies. This allows a proper assessment of the GH deficient state, as

clinical features of hormonal over-replacement (with corticosteroids) or under

replacement(sex steroid deficiency) can overlap with those commonly encountered in

untreated GHDadults.

With the increased availability of synthetic rhGH since 1985, a large amount of

experience has been gained about various factors which influence the response to

GHRin hypopituitary adults.

Early studies of GHR were done using GH doses which were derived from those used

in children. Doses which were based on weight or body surface area were relatively

high (12.5 — 25 ug/kg/day) and not surprisingly, levels of IGF-1 achieved were supra-

physiological with a high incidence of side effects such as arthralgia, headaches and

fluid retention being reported [55, 57, 149]. Subsequent studies [150-152] were

carried using a ‘individualised’ dose titration regimen with starting doses of GH

ranging from 0.2 to 0.33 mg per day andtitration against serum IGF-1 level, clinical

response and body composition. Using this strategy, it was found that favourable

changes in various parameters ( e.g. body composition,lipid profiles, QOL) could be

achieved in both groups( i.e., individualised dosing vs. weight based dosing) with the

additional advantage of lower GH dose ( e.g. 0.45mg vs. 0.55 mg) and a lesser

incidence of side effects ( e.g. 30% vs. 70%) with ‘individualised’ dose titration

[150-152].

A gender difference in GH responsiveness is also recognised. In general, women

require comparatively higher GH doses than men to achieve the same IGF-1 response

[150, 153]. Also Burmanef al. showed that in addition to the quantitatively higher

IGF-1 response in men,the qualitative response (e.g. body composition,lipid profile

and bone markers) were also more marked in males than females in spite of having a

matched IGF-1 response [153]. These gender differences were also reported in a

larger post marketing surveillance study of over 600 adults from the KIMS Study

Group[154].
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Spontaneous GH secretion declines with age. Older patients (> 60 years) therefore

need to start on much lower doses of GH (e.g., 0.1 — 0.2 mg per day) than younger

adults or adolescents. Monitoring during GHR involves not only measuring serum

IGF-1 levels but also body composition and QOL. Changes in body composition can

be quantified using simple anthropometry or DEXA (dual energy x-ray

absorptiometry). Disease specific QOL questionnaires should be used to monitor

response during GHR.

b. Physiological effects ofGHR

The recognised benefits of GHR in adults are shown in Table 9.

Table 9. Beneficial Effects of GHR in AGHD

Parameters

Body composition

Muscle strength & Exercise capacity

Psychological well being and Quality of Life (QOL)

Cardiac function

Bone mineral content

Cardiovascularrisk factors

Effects of GHR on body composition

Improvementin body composition is one of the most consistent effects of GHR to be

reported in the literature. GHR_ results in a reduction in body fat mass with a

corresponding increase in LBM accompanied with no overall change in total body

weight [55, 57, 58, 69, 155]. It is worth bearing in mind that the tool used to estimate

changes in body composition also impacts on the reported results [156].

Measurements using DEXA alone generally show a smaller reductions in fat mass

following GHR than measurements using other methods such as the four-

compartment model( total body potassium + tritiated water + bioelectrical impedance

analysis [99]) and the five compartment model(tritiated water +total body nitrogen

+DEXA).
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In a study of 118 AGHD subjects, GHR for a 5 year duration resulted in reductions in

body fat by 1.2 kg, 2.7 kg and 1.9 kg as estimated by DEXA, four-compartment and

five-compartment model respectively [157]. Jorgensen et al., [57] used CT scans of

thighs to measure adipose tissue volume and reported a 7% reduction in fat mass.

Whitehead et al [69] measured skin-fold thickness to estimate body fat percentage in

14 AGHDandfound that 6 months of GHRresulted in a 10% reduction in fat mass.

Bioelectrical impedance analysis (BIA) was used by Bengtsson et al [155] to measure

body composition in 10 adults with GHD. They reported an overall decrease in BF of

25% (5.8 kg) in the first 6 weeks of GHR which was also maintained over 6 months

of treatment.

The differential rate of loss of adipose tissue with GHR (visceral fat loss >>

subcutaneous fat) has been shown by using abdominal imaging techniques in

hypopituitary adults. An average visceral adipose tissue (AT) loss of 30% and

subcutaneous abdominal AT loss of 13% estimated by abdominal CTscanslices after

6 months of GHR wasreported by Bengtsson et al in 10 AGHDpatients [155].This

compares well with another study by Snel et a/., who reported reductions in visceral

and subcutaneous abdominal fat mass of 38% and 15% respectively using magnetic

resonance imaging (MRI) in 12 AGHDsubjects before and after 6 months GHR[53].

The decrease in adipose tissue mass has been shown to be balanced by a similar

increase in muscle mass ( LBM) in several reports [55, 57, 69, 155]. Studies have

consistently shown LBMincreases of 2 — 5.5kg occurring overthe initial few months

of therapy which is sustained even for as long as 10 years [158]. This sustained

increase in LBM was shownbytwo independent measures of body composition:total

body potassium andcross sectional muscle area of dominantthigh.

Effects of GHR on muscle strength and exercise capacity:

Improvements in muscle strength with GHR in AGHD were thought to naturally

follow from the significant increases in lean body mass (muscle mass) reported in

several studies. Reports in the literature are however conflicting with measures of

isokinetic and isometric muscle strength shownto significantly improve in the cohort

of adults treated with GH compared to baseline or controls in some studies [62, 159-

162] but not in others [69, 163]. It appears that shorter duration of GHR ( 3-6 months)

fails to show significant improvements in muscle strength [57, 69]. The objective

increase in muscle strength is better demonstrated after more than 12 months of
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treatment [62, 162, 164]. Even longer duration of therapy ( up to 10 years) has shown

that GH treated adults have a reduced decline in muscle strength as measured by a

dynamometer than untreated controls [158].

Similarly, improvements in maximum work capacity, VO2 max and physical

performance have been shown to improve in some [24, 65, 68, 164, 165] but not in

other studies [24, 166] of GHRin adults.

While part of the improved exercise performance could be linked to enhanced

psychological well being, some additional physiological factors may also contribute.

These include the effect of GH on erythropoeisis, increased blood volume and a more

efficient cardiac performance (stroke volume and cardiac output) as shown in several

studies [60, 72, 75, 142, 167].

Effects of GHR on Psychological well-being and Quality of Life [QOL]

The severe impairments in perceived QOL and psychological well being in GHD

subjects is a well recognised feature of the AGHD syndrome. It was appreciated

nearly 40 years ago in one report that GH replacement resulted in an impressive

increase in vitality and well being in an adult with GH deficiency [24]. This

improvement in QOL with GHRhasbeen subsequently demonstrated in a number of

double blind placebo controlled trials [62, 82, 88, 155, 168]. Sustained improvements

in overall scores using the Nottingham Health Profile was seen even after 10 years of

GHR compared to untreated controls ( 7.5 + 2.5 vs. 18.8 + 6.1 at baseline, p<0.02) in

the study by Gibneyet a/.[158]. Post marketing surveillance studies comparing GHR

patients with general population have shown improvements in QOL towards the

normative country-specific values [169].

It should be noted that the degree of improvement in QOLis proportional to the

deviation from normality at the outset and therefore the best results are seen in

subjects who have the most marked impairment of QOLat baseline. Patients with

CO-GHDwhotypically have normal QOL, do not show improvements in this domain

with GHR [88, 170]. Further, as the QOL impairments in AGHDare heterogeneous,it

is of no surprise that reversal of psychological and QOL impairments have not been

noted in all studies, despite GHR and adequate replacement of other pituitary

hormonedeficits [69, 94, 171].
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Effects of GHR on cardiac structure and performance:

Given the improvementin exercise capacity seen with GHR in AGHD,theeffects of

GHRoncardiac structure and function has been studied by several groupsin the last

decade. Early short term studies showed an increase in cardiac mass in somestudies

[167, 172] but not in others [173]. The improvement in cardiac performance with

GHRhasbeen demonstrated by echocardiography and by radionucleide angiography.

The increase in LV mass coupled with the increased plasma volume waspossibly

thought to account for the increase in cardiac output and normalisation ofthe initially

reduced stroke volume [60, 72]. A meta-analysis of randomised and controlled

clinical trials of GHR in AGHD concluded that treatment with GH is associated with

a significant positive effect on LV mass, LV end diastolic volume and stroke volume

assessed by echocardiography[75].

Even though the GH replacement doses used in earlier studies were supra-

physiological, similar improvements in cardiac structure and function were seen with

the use of lower ( more physiological ) GH doses, indicating that the effects of GHD

on the heart are reversible [142, 167]. It was also noted in the latter study by Colao et

al. that in young adults, during 12 months GHR,although an increase of LV ejection

fraction at peak exercise did occur, this remained significantly lower than controls.

Gibneyet al,. did not find any difference in cardiac LV mass and LV- endsystolic

and end diastolic diameters in patients who were treated with GH for 10 years

comparedto controls. This suggests that GH effects on the heart may not be sustained

over this long duration and additionally the lower ( more physiological) replacement

doses mayalso not producethis effect on the myocardium [158].

Effects of GHR on Bone:

Studies using biochemical markers of bone remodelling in humans have shownthat

GH and IGF-1 stimulate both bone formation and boneresorption [174]. GHR has an

anabolic effect on the skeleton, but the response is biphasic in keeping with the dual

effect of GH-IGF-1 axis on bone remodelling. With treatment duration of less than 12

months, DEXA measured BMD maybe lowerthan baseline, but accrual of bone

mineral content with continued GHR,usually results in net gain, and after 18-24

months BMD usually increases by 4-10%. Patients with lower BMD pre-treatment

and male patients respond with a much higher increment in BMD. Longer duration of
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GHRfor 10 years has shown an increase of BMDduringthefirst 5 years of GHR, but

after 10 years, BMD changes werenotdifferent from baseline [175-180].

GHRandits effects on Atherosclerotic CVriskfactors

The beneficial effects of GHR on individual CV risk factors has been studied quite

extensively in the last few decades which highlights the important physiological role

played by the GH/IGF-1 axis in the regulation of these individual metabolic factors.

The effects of GHRin adults with severe GHD onindividual CV risk factors will

briefly be considered in the following section:

i, Hypertension

The effects of GHR on blood pressure have shown inconsistent results in the

literature. A reduced peripheral vascular resistance and reduction in diastolic BP was

reported by Caidahl et al [181], while no effect on BP during GHR wasreported in

another study involving young adults ( under the age of 40) receiving GHR [182].

The KIMSStudy Group reportedsignificant reductions in diastolic BP after 6 months

GHRinall patients < 65 years of age, but only in males >65 years [73, 183]. Longer

treatment ( of 10 years duration) was not shownto influence BP in AGHD[158].

ii, Vascular endotheliumand carotid intima-media thickness (IMT)

GHR has been shown to have a number of favourable effects on a number of

vasculature-related parameters. These include the beneficial effects of GHR on

reversing large artery stiffness and improved arterial distensibility, increased

bioavailability of NO and increased flow mediated dilatation of large arteries [73,

126].

GH has also been shown to reduce commoncarotid artery IMT, with the effects of

GHRseen from as early as 6 months and continuing for as long as 10 years [60, 147,

158]. In a study by Colao et al, which looked at the short term effects of GHR in

AGHD,it was reported that even with GHR, carotid IMT remained higher than in

controls [130]. The postulated mechanisms for the improvement in IMT seen with
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GHRinclude the beneficial effects of changes in body composition,lipid profiles and

possibly direct effects of GH/IGF-1 on vascular atherogenesis.

iii. Dyslipidemia

The majority of studies which have examined the effects of GHR onthelipid profiles

in AGHDhavegenerally shown reductions in TC and LDL-C. Serum Tg levels have

been unchanged while HDL-C concentrations have increased or remain unchanged

[105, 109, 127, 142, 157, 184, 185]. One study, however, reported a reduction in

HDL-C (HDL2 sub fraction) with no changes in Lp (a) concentration and other lipid

parameters following 6 months of GHR[186].

The extent of improvement in the lipid parameters with GHRis typified by the

findings of the KIMS Study Group. In their subset of 1206 patients, significant

reductions of TC of -0.4 mmol/L and -0.5 mmol/L were reported after 1 year and 2

years of GHR comparedto baseline ( p<0.0001 for both , respectively) [105]. Mean

LDL-C reductions by -0.3 mmol/L and -0.4 mmol/L (after 1 and 2 years GHR

compared to baseline, respectively) accounted for most of the reductions in TC. The

same study also found that the greatest change in TC concentration occurred in those

with the highest values at baseline and during the first year of treatment. The

geometric mean of TC/HDL-Cratio reduced significantly from 4.8 to 4.5 (p < 0.0001)

over the 2 year period. No significant changes in mean Tg levels were reportedin this

study. Longer duration of GHR ofup to 10 years, have shown consistent effects of

lower LDL-C, higher HDL-C and no change in TC concentrations in their study

population [158, 175].

Attempts to correlate changes in lipid profiles during GHR with changes in body

compositions have yielded differing findings. Vahl et al reported no significant

correlations between changes in body composition (measured by DEXA and CT) and

lipoproteins changes with GHRin their cohort of 21 AGHDsubjects [187]. A similar

lack of correlation was also reported between changes in visceral adipose tissue (

measured by MRI) and changesin serum lipid levels in 12 AGHDfollowing 6 months

GHR [188]. In contrast, Johannsson ef al, found that changes in body composition (

measured by BIA) could account for 24-25% of changes in TC, LDL-C and Lp(a)

levels with GHR [189].

GHRtherefore affects lipid metabolism in complex waysand brings about favourable

improvements in lipid parameters possibly through direct effects on lipoprotein
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receptors and also indirectly through changes in body composition and changesinlife

style ( e.g., cessation of smoking, improvementin physical activity).

iv. Glucose metabolism and Insulin sensitivity (IS)

Insulin resistance in AGHDis well recognised [116, 118]. Treatment with GH has

been shownto have dual effects on glucose metabolism and insulin sensitivity (IS) in

adults; characterised by an acute short term effect of reduction in IS followed in the

longer term by a reversal and return of IS to basal levels. Hypothetically, the

worsening of IS in the short term is due to the acute effect of GH in stimulating

lipolysis and increasing the concentration of free fatty acids (FFA). This increased

FFA levels decreases glucose uptake in skeletal muscle (Randle’s glucose-FFA

cycle). Further, the inhibition of lipolysis by using acipimox during GH

administration was shown to prevent the rise in FFA levels and thereby worsen

insulin resistance in an euglycemic-hyperinsulinemic clamp study performed on 10

untreated GHDadults [190].

GHRin the short term ( < 6 months duration) have been associated with reduction in

IS [115, 190, 191]. In the study by Bramnert et al., IS was measured after 1 week and

6 months of GHR (0.01mg/kg/day) using the euglycemic-hyperinsulinemic clamp

study. Even by the end of 1 week, there was a 52% reduction in glucose uptake

associated with a decrease in glucose oxidation and 60% increase in lipid oxidation.

Although IS, in this study wasstill decreased at the end of 6 months, there was

howevera trend for an improvementin IS compared to week 1 ( mean reduction in IS

-39% at week 24 vs. -52% at week 1) [190]. In contrast, IS had returned to baseline

values after 3 and 6 months of GHRrespectively in the other two short term studies

[115, 191]. The absence of any change in LBM in the Bramnert study possibly

accounted for the continued reduction in IS after 6 months GHR.

There are now several longer term studies (> 1 year) which have reported on the

effects of GHR on IS in AGHD. Somestudies report a continued reduction in IS

compared to baseline values [117, 192, 193] whereas other studies ( with GHR

treatment duration ranging from 1 year to 7 years ) show unchangedIS in comparison

to baseline [166, 194-199].
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In a systematic review of 37 blinded, randomised placebo-controlled trials of GHR in

AGHD,the effects of GHR on glucose and insulin were examined in 511 patients. A

significant effect of treatment was a weighted mean fasting glucose which was +0.22

mmol/L higher in the treated group compared to controls. Similarly, the mean

weighted difference in plasma insulin levels was +8.7 pmol/L between the GHR arm

and the placebo arm. Thus, although fasting glucose levels increased, they remained

within normal range in both groups ( 5.1 mmol/L vs. 4.8mmol/L) [185].

In the two studies of GHR duration of 10 years, while one [175] showeda significant

rise in fasting glucose from 4.1mmol/L at baseline to 4.6 mmol/L at 10 years, the

other study did not find any difference in fasting glucose or insulin levels in their

patients [158].

A six-fold increase in type 2 diabetes was reported amongst 23,000 children receiving

GHRthan controls [190]. Reassuringly, in adults, amongst 5120 patients registered

with the KIMS Study group, the risk of developing diabetes mellitus was not

increased with GHR in GHD adults with normal BMI. In the same study, the mean

BMIfor the 43 patients who did develop DM was34 kg/min females and 32.8 kg/m?

in males. With the more physiological doses of GH currently used in adults (in

contrast to children) and with the proviso that GH initiation in high risk GHD adults(

older age, obesity) will start at very low doses ( 0.1- 0.2mg/day), it is unlikely that

GHRwill directly lead to glucose intolerance and type 2 DM in suchpatients.

In conclusion, although transient worsening of IS occurs in the short term with GH

initiation due to stimulation of lipolysis and lipid oxidation; in the longer term, IS

may actually improve due the additional benefits brought about by changes in body

composition andincreased physical activity [200].

vy. Circulating inflammatory markers and cytokines

With the recognition that inflammation playsa crucial role in vascular atherosclerosis

and GHRcanretard the progression of macroscopic features of this process such as

carotid IMT; a numberofinvestigators have studied the effects of GHR on circulating

markers of inflammatory activity such as hs-CRP, IL-6 and TNF-a.
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Table 10. Studies showing effects of GHR on hs-CRP levels

Meanbaseline A CRP GHRdose Duration of Study reference

hs-CRP level with GHR (mean) GHR

(mg/L) (months)

3.8 - 1.8 0.5 mg/d 6 McCallum et al.[126]

44 - 1.6 4ug/kg/d 18 Sesmilo et al.[127]

4.7* -1.9 0.48 mg/d 12 Yuenet al [128]

5.2 -1.8 0.4-0.6mg/d 9 Bollerslev et al [129]

6.5 -3.0 8-10ug/kg/d 6 Colaoet al [130]

6.9 - 38% 0.67 mg/d 6 Beauregardet al [131]

* in pg/mL

Treatment with GH in hypopituitary adults (in both men and women) has been shown

to significantly lower hs-CRP levels as compared to baseline concentrations in some(

table 10) but not all studies [125, 201]. In the latter two, only a trend towards a

decrease in hs-CRP levels were reported following GHR. Thefall in hs-CRP levels

with GHRin studies have been impressive ranging from -1.6 to -3.0mg/L as shownin

table 10. This is substantially more than the fall in hs-CRP brought aboutbystatins(

-1.37 mg/L) in studies of cardiovascular risk reduction [121].

In parallel with the improvements seen in hs-CRP levels, concentrations of IL-6 have

also been shown to decrease significantly during 18 months GHR in men with

hypothalamic pituitary disease in a study by Sesmilo et al., [127]. They showed GHR

therapy reduced IL-6 concentrations by -0.83 + 0.35 ng/L (p = 0.013) compared with

a placebo group. In contrast, reports in two other studies have shown only trend to

decreased IL-6 levels with GHR [124] or no change at all [132]. Although the

reduction in plasma IL-6 levels during GHRin the study by Serri et al [124] did not

reach significance, GHR markedly inhibited the monocyte release of both IL-6 and

TNF-a.

Attempts to correlate changes in levels of inflammatory markers with GHR to the

GH/IGF-1 axis have shown variable results. Changes in CRP were reported to be

correlated negatively with changes in IGF-1 levels in two studies [133, 201], while no

correlation was detected between the reduction in both pro-inflammatory markers (hs-

CRP and IL-6 levels) with increased IGF-1 levels with GHR in two other studies

[124, 127].
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Moststudies on the effects of GHR on plasma TNF-a, level have been carried out in

children. Significant reductions in fasting plasma concentrations of TNF-a with GHR

have been reported in children with partial and complete GHD [135, 136, 202].

In the study by Serri et al., 3 months of GHR in adults with GHD resulted in a

significant fall in plasma TNF-a and monocyte TNF-a production, with a strong

positive correlation between each other (r =0.63, p<0.001). Also, monocyte

production of TNF-a showeda strong correlation with monocyte IL-6 production (r =

0.87, p <0.001).

Other inflammatory cardiovascular markers which have been reported to significantly

decrease with GHR in adults with GHD include homocysteine [140], fibrinogen

[142], PAI-1 and tissue plasminogen activator (tPA) [73, 110, 203].

Given the epidemiological evidence for excess mortality from CV diseases in

hypopituitary adults with untreated GHD, it is interesting to note that significant

changes occur in the levels of atherogenic pro-inflammatory markers with GHR.

These results also point to a pathophysiologic mechanism whereby GH modulates

atherosclerosis through the inflammatory cytokine pathway. IL-6 is produced by a

variety of tissues including adipose tissue, endothelial cells and tissue macrophages

and is known to stimulate the synthesis of CRP in the liver. As GHD adults have

excess visceral adipose tissue which is shown to reduce following GHR, one can

speculate a potential mechanism whereby GHtherapy induced reduction in adipocytes

mass, may be responsible for the reductions in concentrations of inflammatory

cytokines. However, in spite of having no significant effect on body composition or

lipid profile, in the study by Serri et a/[124] , GHR of only 3 months, reduced plasma

and monocyte derived TNF-a and IL-6 levels. This suggests a possible direct effect of

the GH/IGF-1 axis on either the arterial wall or at distal sites (e.g. AT depots).

However,it still remains to be seen by long-term follow-up studiesif these beneficial

changes in serum inflammatory markers brought by GHR impact favourably on the

excess CV risk in AGHD.
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Section VI

ADIPOCYTES, ADIPOKINES, GH AND CARDIOVASCULAR

DISEASE

ADIPOSE TISSUE (AT)

Adiposetissue constitutes between 15-25% of total body weight in a human being of

average weight with women in general, having a higher proportion of fat mass

compared to men. The long held view that AT was a functionally inert, storage organ

of fat has changed radically in the last decade. AT is a major endocrine organ and

participates in a numberofdiverse physiologic systems including energy homeostasis,

hormoneproduction, immune function and regulation of appetite.

Composition and function ofAT:

Broadly there are two types of adipose tissue: White Adipose Tissue (WAT) and

BrownFat, each of which plays a different physiological role during life. Brown fatis

a specialised tissue for the production of body heat by the process of non-shivering

thermogenesis. Its major function is during infancy and hasnegligible contribution to

the energy balance in adult humans.

WATon the other hand, undergoes expansion and development throughoutlife. The

regional distribution of WATis also important as it is now known that visceral fat

(i.e., intra-abdominal) is physiologically and prognostically different from fat at

subcutaneous(s.c) sites particularly in relation to its association with the metabolic

syndrome[204, 205].

Anatomically, besides adipocytes, WAT contains pre-adipocytes, macrophages,

stromovascular cells and nerves. Being metabolically active, WAT has a good blood

supply which has been shownto be labile and responsive to the demands imposed by

fasting, exercise and nutrient delivery in the post-absorptive state. The regulation of

this blood flow is mediated by sympathetic innervation and possibly also to ambient

concentrations of plasma insulin levels. WATis richly innervated by the autonomic

nervous system with both the sympathetic (adrenergic) and parasympathetic

(cholinergic) pathways influencing lipolysis in this tissue[206, 207]. It has also been

recognised that the sympathetic nervous system not only influences AT function by

direct innervation of adipocytes and regulating regional blood flow, but can also send

afferent impulses back to the central nervous system thereby modulating
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thermogenesis and feeding behaviour [206]. The secretory products from the visceral

AT depots drains into the portal circulation thereby influencing the metabolic

functions ofthe liver relatively greater than that produced from subcutaneous(s.c) AT

depots. There is also a distinct functional heterogeneity amongst various AT depots

with the visceral and s.c sites showing unique adipokines secretory profiles and

receptor expression pattern. For example, leptin and adiponectin are expressed

greaterin s.c sites while IL-6 expressionis greater from visceral AT.

ADIPOKINES

WAT produces a number of biologically active products which are now termed

adipokines (previously called adipocytokines). The adipokines are diverse in structure

and function and are derived both from mature adipocytes and the stromovascular

cells including the resident macrophages.

Table 11. Major adipokines secreted by WAT 207]

Class of secretory product Example of product

Cytokines andrelated proteins Leptin

TNF a

IL-6

Complementandrelated proteins Adiponectin (Adpn)
Adipsin

Acylation stimulating protein

Proteinsinvolvedin lipid metabolism Lipoprotein lipase (LPL)
NEFA

Apolipoprotein E

AromataseEnzymes
17 B- HSD and— HSD1

Acute phase reactants Haptoglobulin
Serum amyloid A (SAA)

PAI-1

Others Resistin
Visfatin

Vascular endothelial growth factor

(VEGF)

Given the multitude of secretory products, AT therefore functions not only as the

body’s largest reserve of fuel in the form oftriglycerides, but also as an endocrine
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organ. Weight for weight, AT is the largest endocrine organ in the body. A numberof

afferent signals such as insulin, catecholamines, GH/IGF-1 and pro-inflammatory

cytokines modulate adipocytes function and therefore adipokines production.

Of the various adipokines, leptin will be considered in a later chapter on energy

homeostasis as one ofits main functionsis in the regulation of appetite.

OBESITY, ADIPOKINES & CARDIOVASCULAR DISEASE

Cardiovascular disease (CVD) is associated with elevated markers of systemic

inflammation such as hs-CRP. Obesity with its associated excess of AT masshas also

been shownto be associated with increased systemic inflammation as evidenced by

the up regulation, increased expression and secretion of a numberof inflammatory

cytokines. Compared to BMI matchedcontrols, patients with increased abdominal fat

have increased circulating levels of CRP, IL-6, TNF-a and PAI-1[208-210]. Excess

visceral adiposity is important as visceral AT has been shown to proportionately

secrete far greater amounts of IL-6, TNF- a, VEGF anda host of other inflammatory

cytokines than AT from sub-cutaneoussites. Obese patients with visceral adiposity

display greater insulin resistance, dyslipidemia, hypertension and therefore have

increased thrombotic risks and CVD [208, 211].

At a cellular level, weight gain is shown to significantly increase the population of

resident macrophages within AT. Experimental studies have demonstrated that

inflammatory signals from cultured adipocytes can induce a dramatic increase of IL-6

and TNF-a secretion by unstimulated cultured macrophages indicating that the

cellular components in AT (adipocytes, macrophages and stromovascular cells) form

a close working unit and communicate with each other by autocrine and paracrine

mechanisms[208].

A brief description of adipokines associated with inflammation,insulin resistance and

obesity will be considered here:

TNF- a:

The role of TNF-a as a link between obesity and insulin resistance was first

demonstrated in obese rats by the improvement in insulin resistance by neutralisation

of TNF-a [212]. AT is a significant source of endogenous TNF-a production in

humans with plasma TNF-a levels shownto positively correlate with adiposity and
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insulin resistance [207, 208, 212, 213]. Within AT, TNF-a is expressed by adipocytes

and stromovascular cells. The potential mechanisms by which AT derived TNF-a

contributes towards insulin resistance and vascular atherosclerosis include

suppression of genes involved with glucose metabolism and fatty acid oxidation,

increased NEFA production by adipocytes (acting in a paracrine fashion) and

impairmentof adiponectin synthesis [207, 208, 212, 213].

IL-6

As much as third ofcirculating IL-6 is derived from AT, with the visceral AT sites

contributing nearly 3 times to the circulating levels compared to s.c sites[207, 214].

Like TNF-a, the expression of IL-6 by AT andits circulating levels are positively

correlated with obesity and insulin resistance and IL-6 levels decrease with weight

loss. IL-6 administration to healthy volunteers induces insulin resistance in a dose-

dependentfashion. It is also shown to increase NEFA release and reduce adiponectin

secretion [207, 208, 212].

Adiponectin [Adpn]

Adiponectin (Adpn) is a 30kDa polypeptide plasma protein with structural homology

to the complement component Clq. It circulates as multimeric complexes at a

relatively high plasma concentration of 2-10 ug/mL (~ 0.01% oftotal proteins) in

healthy human subjects. Adpn is almost exclusively expressed in WAT with higher

expression in s.c than visceral AT [207, 212, 215]

In contrast to TNF-a and IL-6,a strong, inverse association between Adpnandinsulin

resistance and inflammation has been described [207, 212, 213, 216]. Adpn levels are

low in obesity and significantly lower in patients with coronary heart disease. Levels

of this cytokine correlate negatively with percentage body fat, central fat distribution

and fasting insulin levels. Adpn levels increase with weight loss and treatment with

insulin sensitizers.

The protective effects of Adpn are believed to be mediated by its effect on its

principal target AMP-activated protein kinase (AMP-kinases). It is also thought to

modulate inflammatory signalling in the vascular endothelium through it effect on

nuclear factor- KB pathways. Macrophagesecretion of TNF-a andthe biologic effects
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of TNF-a are attenuated in the presence of Adpn. Jn vitro studies have shownthat

Adpninhibits the expression of several pro-inflammatory molecules like E-selectin

and ICAM-1.

Taken together, therefore, data suggests that Adpn exerts anti-inflammatory, anti-

atherogenic and anti-diabetogenic effects and hence has a protective role against

vascular injury and progression of atherosclerosis [207, 212, 213, 216].

GROWTHHORMONEANDADIPOKINES

GHalso regulates the function of AT as evidenced by the fact that both children and

adults with GHD are obese with excess body fat, especially visceral fat [50, 217] and

GHRresults in reduction in body fat mass with minimal changesin total body weight

[55, 155, 184].

At a cellular level, adipocytes are larger in size and have a greater lipid content in

GHDpatients than normal subjects and further GHRresults in a reduction in size and

lipid content of their adipocytes [217]. GH and IGF-1 are required for the

differentiation, proliferation and maturation of pre-adipocytes into mature adipocytes.

GHincreasesthe pool of pre-adipocytes differentiating into mature adipocytes, while

IGF-1 is essential for clonal expansion and adipogenesis. GH also reduces the volume

of mature adipocytes by stimulating lipolysis through its effect on stimulating

hormone sensitive lipase (HSL) and B-adrenergic stimulated lipolysis. Further, it

reduces the accumulation oftriglyceride by reducing the activity of lipoprotein lipase

(LPL). The degree of suppression of LPL activity by GH differs in various AT depots,

possibly accounting for the preferential loss of visceral fat during GHR [217, 218].

Changesin the concentrationsof the adipokines (TNF-a and IL-6) with GHRin adults

with GHDhavebeen reviewedin the previoussection (section V). The effect of GHR

on leptin is described in the next section (section VII). Only one study has so far

reported on the effect of GHR on Adpnlevels in GHD adults. The study by Hanaet

al., found nosignificant effect on plasma Adpnlevels ( orresistin and leptin levels) in

spite of a reduction in fat mass in their 17 adults with GHD who received

physiological GHR ( 0.31 mg/day) for one year [197]. Similarly, no effect of GH

treatment ( 0.4mg/day in men and 0.6mg/day in women for 6months) on serum leptin
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and adiponectin levels in forty healthy, obese subjects have been reported in another

study [219].

In conclusion, AT is now knownto be a highly active and complex endocrine organ.

In addition to its recognised role as an energy storage site and in fuel metabolism,it

has, through the secretion of a variety of adipokines, an increasingly important

influence on systemic inflammation, insulin resistance, energy homeostasis and

vascular atherosclerosis. The effects of GH and IGF-1 on the function and

differentiation of adipocytes at a cellular level is complex. The increased prevalence

of obesity and cardiovascular risk factors in adult hypopituitary patients is well

recognised [106] and the effects of GHR in ameliorating some of these individual CV

risk factors including adipokines and cytokines has also been studied. However, due

to heterogeneity in the study population and methodologies of the various studies, no

firm conclusions can be drawn on the effects of GHR on various adipokines in adults

with GHD.
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Section VII.

THE INFLUENCE OF GH-IGF-1 AXIS ON ENERGY BALANCE

IN MAN

Worldwide, one of the major epidemic diseases increasing at an alarming rate across

population ofall ages is the rising prevalence of overweight and obesity. The WHO’s

global projections in 2005 indicated that approximately 1.6 billion adults over the age

of 15 were overweight and at least 400 million adults were obese (BMI30). This

figure wasprojected to increase to 2.3 billion (overweight) and 700 million (obese) by

2015 with a greater worry of increasing prevalence of overweight and obesity in

children. The social and health consequences of this epidemic is also immense and

includes excess prevalence of cardiovascular disease, type 2 diabetes mellitus,

osteoarthritis, certain cancers and premature death and disability [220, 221].

Obesity is also a recognised feature in hypopituitary adults with untreated GHD [50,

106, 168]. A study from our unit (see chapter 3) found that up to 50% of hypopituitary

patients were obese with preponderance of central adiposity [106]. Weight gain and

obesity in patients with hypothalamic pituitary disease could be due to the

consequenceofstructural hypothalamic damage from the primary lesionitself or as a

result of its treatment (surgery + radiotherapy). Use of desmopressin and treated or

untreated GHD,indicative of greater damage to the neuro-anatomic circuits in the

hypothalamic pituitary region, have also been shown to be associated with weight

gain and obesity in such patients [222, 223].

Fundamentally, overweight and obesity result from an imbalance between energy

intake [EI] (calorie consumption) on one hand and energy expenditure [EE] (calories

expended) on the other hand. The next section will consider the basic factors

controlling energy homeostasis in humans with special relevanceto the influence of

GH-IGF-1 axis on this complex process. Methods used to measure energy expenditure

andfactors influencing energy intake will also be considered.
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ENERGY HOMEOSTASIS IN MAN

Energy balance in humans, in common with all other energy transformations in the

physical world is governed by the laws of thermodynamics. The first law states that

energy can neither be created nor destroyed and can only be transformed from one

form to another. Hence, whenthis is applied to biological systems, chemical energy

derived from food is used to perform chemical work (synthesis of macromolecules,

enzymes or proteins), mechanical work (muscle contraction) or electrical work

(maintenanceofelectrical ionic gradients across cell membranes). For an individual to

be in a state of energy balance therefore, energy intake must equal energy

expenditure. The second law (whenapplied to biological systems) dictates that when

the body uses energy derived from food sources for its metabolic functions, a part of

that energy is inevitably lost as heat. The conversion of this food energy to useful

work is, surprisingly, not a perfectly efficient process and as much as 75% of

chemical energy in food is degraded andlost as heat energy (entropy).

This process can be summarised in the following simplified diagram:
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Figure 4. Energy transformations in the humanbody[224]

The human body uses adenosine triphosphate (ATP) for supplying energy for its

physiologic functions. ATP is produced in cellular mitochondria by the aerobic

oxidation of the major metabolic fuels — glucose and fatty acids derived from food

source or its storage reserves (glycogen / WAT). During the process of substrate

oxidation and ATP synthesis, CO2, water and heatare the resultant by- products.
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Unlike physical systems, biological systems havethe ability to interlink EI and EE as

evidenced by situations where intense EE can result in increased EI. Also both EI and

EE can be influenced by changes in body energystores ( e.g. starvation) [224].

ENERGY EXPENDITURE(EE)

Daily EE in humans is a sum total of a number of different but interlinked

components as shown in the accompanyingfigure.
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Figure 5. Components of Daily Energy Expenditure.

(REE = resting EE; DIT= diet induced thermogenesis; NEAT = non-exercise activity

thermogenesis; Physical activity related EE * = Can be variable and influence other

components)

RESTING ENERGY EXPENDITURE (REE)

Fasting REE accounts for a major component (60 — 75% of daily EE) of an

individual’s total daily EE. REE includes energy required for maintaining electrical

membranepotentials, resting cardio respiratory function and body temperature. The

main determinants of REE are body size and specially the amount of fat free mass

(FFM). Fasting REE is approximately 90 J/ kg FFM / min. The exact proportion of

FFM in an individual (i.e. muscle, visceral organs, brain, and heart) will determine the

variations in metabolic rate, as the metabolic activity of these organs will differ

between individuals. Metabolically active tissues such as the brain, heart, liver and

kidneys contribute to nearly 60% of heat production, in contrast to adipose tissue and

resting skeletal muscle. Other factors which influence REE include physiological

growth and development, cold, stress, normal menstrual cycles and drugs ( e.g.

caffeine and nicotine) [224, 225].
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DIET INDUCED THERMOGENESIS(DIT)

DIT refers to the increase in heat production, energy expenditure and O2 consumption

associated with food consumption. It is believed that activation of the sympathetic

nervous system may be linked to this process. With normal diets, the estimated

overall increase in EE is thoughtto be of the order of 8-10% ofthe calories ingested.

DITis the result of the costs associated with the absorption, digestion and assimilation

of food. The meal type (solids vs. liquids), macronutrient content ( CHOvs.fats) and

both meal size and frequency can influence DIT [224, 225].

NON-EXERCISE ACTIVITY THERMOGENESIS (NEAT)

These are activities of daily living other than exercise and includesitting, standing,

maintenance ofpostural tone and fidgeting. These also influencetotal daily EE. Also,

factors such as age, body composition, occupation, genetic background and even the

seasons can influence NEAT.

PHYSICAL ACTIVITY RELATED THERMOGENESIS

Physical activity related EE is the most variable component of an individual’s daily

EE with wideinter and intra individual variation. Factors which influence this include

body size, speed, duration and dexterity with which physical activity is performed.

With competitive sports and heavy manual work,this could represent as much as 70%

of a person’s daily EE but for most individuals in industrialised countries, the

contribution of physical activity to daily EE is small ( of the order of 10-15% only).

Aerobic physical activity with its resultant increase of O2 consumption and substrate

utilisation (fat or CHO) influences EE much more than anaerobic activity. There is

only a weak correlation between regular physical exercise of moderate degree and

sustained increases in REE orincreased EI, although EE does remain elevated for a

few hours immediately after prolonged high-intensity exercise[224, 225].

MEASUREMENTOF ENERGY EXPENDITURE:

i. Resting Energy Expenditure

The metabolic processes in the body involve consumption of O2, production of CO2

and heat. EE can be estimated by measuring either of these components (release of

heat or measurement of O2 consumption and COQ) production). Direct calorimetry is
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the method of measuring whole body EE by measuring heat production and requires a

direct calorimeter. This equipment is expensive and not widely available and hence

the most widely used method ofmeasuring EEis by indirect calorimetry.

Indirect calorimetry

Indirect calorimetry is the method of choice for measuring human energy expenditure

and requires the measurement of oxygen (O2) consumption, carbon dioxide (COz)

production and nitrogen (N) excretion.

This method involves the precise measurement of respiratory gas exchange and

requires the use of a ventilated hood system (shown in figure 8). Indirect calorimetry

can be used to measure both resting EE and exercise related EE. In addition to the

ease and simplicity of equipment needed for indirect calorimetry, measurements of

respiratory gas exchangealso hasthe ability to determine which metabolic fuel (CHO

or fat) is being used as a substrate for metabolism. This is because, for fat and

carbohydrate, the end products of oxidation in the bomb calorimeter and the body are

the same: CO, and HO as shownin the following equation:

Glucose: 1g of glucose + 0.74 L O2 > 0.74 L CO) + 0.6g H20 + 15.15 kJ

Triglycerides: 1g of fat + 2.02 L O2 > 1.4L CO) + 1.07 g H20 + 39.6 kJ

The twopoints to note are:

1. The amount of COproduced to O2 consumed termedthe respiratory quotient (RQ)

is 1.0 for the complete metabolism of glucose while the RQ is 0.71 for fat

metabolism. Measurement of RQ therefore provides an indication of substrate

utilization.

2. The amount of energy released per gram of nutrient oxidation is more than twice

for fat oxidation than glucose oxidation.

While the technique of indirect calorimetry is useful for the measurement of EE, the

need for a device for collecting gases makes it impractical for measuring EEin free-

living conditions. For the latter, other methods such as doubly labelled water [DLW]

technique using non radioactive isotopes deuterium and oxygen-18 or “bicarbonate-

urea’ method using radiocarbon C14 can be used. These methods have the advantage

of giving an assessmentoftotal EE over a longer duration (10-14 days with the DLW

method and 2-3 days with the ‘bicarbonate-urea’ method). Since the use of these
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techniques are mostly limited to research purposes, at a population level, a number of

prediction formulas have been derived using weight, height and age of individuals to

provide a valid estimation of resting metabolic rate (RMR) which closely

approximates REE. Examples of these include the Harris & Benedict formula and

Schofield formula [225].

For the purpose of this study, the principles of indirect calorimetry were used to

estimate the REE of adults with GHD due to hypothalamic pituitary disease. This is

more fully described in chapter 2 (Patients & Methods)

ii. Voluntary Physical Activity

Regular physical exercise has a numberof health related beneficial effects including

maintenance of body weight, reduction of blood pressure, prevention of obesity and

obesity related complications such as type 2 diabetes and coronary disease.

Measurements of voluntary physical activity can be useful in monitoring the

effectiveness of various weight loss/ exercise programs. The recognised “gold

standard” for assessment of physical activity in free-living subjects is the DLW

method using deuterium (7H) and oxygen-18. This method provides reliable estimate

of EE associated with physical activity over a period of 1-3 weeks [226]. The

disadvantages with the DLW methodare that it only provides information about

activity levels and not the patterns of these physical activities over time. Also the

costs associated with these isotopes and the need for sophisticated equipment to

measure CO-18 in expired gases and urinary 7H20Orestricts the use of this method to

small populations. Other methods which have been employed to measure physical

activity include self reported methods, heart rate monitoring and motion sensors

[227]. Self-reported measurements such as ‘recall techniques’ have an unacceptably

high error rate of as much as 35-50% and henceactivity monitors were developed to

provide more reliable and objective measurements of daily physical activity [226,

228, 229]. Motion sensors include pedometers which are simple devices that record

the number ofsteps taken by an individual in contrast to accelerometers which sense

and record body movements.
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ACCELEROMETRY BASED MEASUREMENTSOF PHYSICAL ACTIVITY

Basic Principles

Accelerometers are devices which are strapped to the body and register body

movements in relation to the longitudinal axis of the trunk. They are utilised to

provide an objective measurement of physical activity. Earlier accelerometers were

uniaxial (e.g. Caltrac) and could only record movement in one axis, while the later

models were triaxial and superior as these could measure physical activity in three

dimensions which are more in keeping with the pattern of daily physical activity in

free living subjects in contrast to test conditions such as on a treadmill. The modern

devices are more compact, can digitally store data, have a longer battery life, provide

measures of physical activity across the full range of movements possible and have no

external controls making them tamper-proof [227, 230, 231]. Examples of the latter

devices include the Tritrac monitor [Hemokinetics Inc.] and the Biotrainer monitor

[IM Systems].

Sensors within each device record physical activity as raw movementcounts in one or

more axial planes. The devices have different in built mechanismsto filter, process

and store the raw accelerometry signals. They can be programmedto record activity

counts accumulated over a user-specified time interval called ‘epoch length’. The

output from accelerometers is typically a dimensionless unit called “accelerometer

counts”. These counts provide an estimation of the level of physical activity. A major

challenge in accelerometry-based research is ways to convert these “output counts”

into more meaningful parameters such as physical activity related EE. Some

accelerometers are also programmed to provide such an estimation of EE using

prediction equations for each monitor [231].

In order to address challenges related to the use and interpretation of accelerometry

based data, a consensus conference addressed these issues and published

recommendations for the use of accelerometers in monitoring physical activity in the

field (in free-living subjects). These recommendationsinclude:

« A standard 7 day protocol was suggested to estimate habitual physicalactivity

for adults.
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« The duration over a 24- hour period during which measurements of activity

are carried out could include all of the time when subjects are awake or a pre-

determinedset time such as 8, 12 or 16 hours in a 24-hourperiod.

= Epoch lengths need to be shorter in children than for adults because younger

children typically engage in short duration physical activity in frequent bursts

compared to a more sedentary activity in older adults. .

« Advancesin technology have resulted in accelerometers becoming small and

compact sized making it wearable on different body locations (e.g. wrist,

ankle and trunk). Trunk locations are commonly used for its convenience and

for the fact that all calibrations studies have only used this site to derive

equations for recording accelerometer output. Also there is no difference if

the device is clipped eitherto the rightorleft side.

" It was also suggested that distribution and collection of the device be done in

person and notsent by post so as to avoid anyerrors in data collection [229].

The accelerometers currently available have been validated by correlating their

outputs in laboratory and field conditions in comparison to self-reported measures,

DLW method andportable metabolic measurement systems[226-228].

Drawbacksassociated with accelerometry

Although accelerometry based assessments of physical activity are useful, there are a

numberof difficulties associated with the interpretation of output measures obtained

from this method of physical activity assessment.

One of the major drawbacks of hip-worn accelerometers is that they underestimate

physical activities which predominantly involve upper body movements(e.g. golfing).

Also, the excess energy costs associated with muscle loading (e.g. carrying weights)

or walking uphill is not accurately recorded by these devices. The same difficulties

arise with monitors which provide as estimation of EE associated with physical

activity. There is a universal tendency for monitors to under-predict measured EE

values during field (daily) activities when compared to data obtained on a treadmill in

laboratory conditions. The use of field based prediction equations to improve the

estimation of EE may help overcomethis; but the difficulty again is that since free-

living activity is very variable, it would be difficult to create a single equation for this

purpose [227, 230].
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Another difficulty experienced by accelerometers is to accurately record the

variability of the intensity of activity levels by individuals within a monitoring period.

For example, although the devices record inactivity, they are unable to differentiate

between sedentary behaviour(e.g. watching television) and purposeful activity (e.g.

working from a desk-job). Another confounding factor is the effect of vehicular

transport in the record of daily activity which needs to be considered when

interpreting activity counts.

Lastly, some of the other reported difficulties include the reliability of the individual

to comply with wearing the deviceatall times during the monitoring period, the effect

of inter-current illnesses on physical activity and the potential for mechanical

breakdownofthe device during the monitoring period [227].

In summary therefore, while accelerometry based assessments provide oneofthe best

and most practical ways of measuring physical activity and energy costs associated

with such activities; the relationship between these is highly dependant on the type of

activity habitually performed and hence a misclassification of activity levels and EEis

likely. Therefore, information of the type ofactivities performed is necessary to assess

EE accurately. It is also possible that errors in estimation of different activities could

average out over a whole day andthese errors can also be minimised by measuring

habitual activity over a longer(at least 7 days) period of measurement.

ENERGY INTAKE

Ideally, body weight in humans(like in all animals) should be precisely regulated to

be maintained around a “set-point”in spite of the large variationsin calorie intake and

EE in daily life. A number of different biologic systems control energy intake in

humansincluding neuro-humoral circuits operating in the brain with inputs from

peripheral sites, sub-conscious motor behaviour and the effect of higher cognitive

functions on eating behaviour.

A brief definition of some terms used in studies which report on appetite regulation is

given below:

HUNGER:is simply defined as a demand for calories which drives an organism to

eat. There are two different concepts to this process: ‘physiological hunger’ can be
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identified as the sensation that fluctuates episodically, and is linked to the pattern of

eating. This is the commonly perceived sensation of hunger.

‘Trait’ hunger, however, has a tonic form of expression i.e. it does not fluctuate daily

and is a more enduring andresilient, sub-conscious phenomenon whichinfluences an

individual’s on-going tendencyto eat or to select foods [232].

SATIATION:refers to the process involved in the termination of a meal. It is the

cessation of food intake due to the commonly perceived sensation of‘fullness’.

SATIETY:refers to the period of inhibition of further intake of food after a meal has

ended. At the end of a period of satiety, the sensation of hunger progressively

increases, before the next meal [224].

CONTROL OF ENERGYINTAKE:

i, HIGHER CORTICAL CONTROL OF FOOD INTAKE & APPETITE

A large proportion of the regulation of food intake and appetite in humansis subjected

to higher cortical processing when compared to other mammals. Acting in tandem

with the basic homeostatic regulation of appetite control, energy intake in humansis

influenced by higher functions such as memory, learned behaviour, planning and a

unique conscious experience of pleasure elicited by the sensory properties of food

termed the hedonistic experience [233]. Neuro-imaging studies have shown that the

orbito-frontal cortex is consistently involved with the hedonistic representation

associated with the taste and smell of food and the activity of this area of the brain are

additionally influenced by secondary re-inforcers (e.g. visual stimuli), hunger and

other internal states of the individual.

At a morebasic level, a number of neuro-humoral signals (hormones and peptides)

derived from specific areas of the brain and peripheral sites (e.g. gut, adipose tissue)

influence food intake and regulate appetite and body weight on a short and long term

basis.
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ii, HYPOTHALAMIC CIRCUITS CONTROLLING FOOD INTAKE &

APPETITE

It is now known from experimental studies involving stimulation of specific areas of

the brain that the hypothalamus is intimately involved with the control of feeding

behaviour. The areas of the hypothalamus involved in this process are shown in

figure 6. Some of these hypothalamic regions are outside the blood-brain barrier

allowing access to chemical signals from central and peripheral sites to regulate their

function.
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Figure 6. Diagrammatic representation of hypothalamic nuclei regulating appetite.
( ME:Median eminence; ARC:arcuate nucleus; VMN:ventro-medial nuclei; LH:lateral

hypothalamic nuclei; PVN:paraventricular nuclei; NTS: nucleustractussolitarius

NPY: neuropeptide Y; AGRP:agouti related peptide; POMC: proopiomelanocortin;

CART:cocaine and amphetaminerelated transcript)

(Source of image: http: www.ncbi.nlm.nih.gov/bookshelf/picrender.fegi

The important neuronal sub-populations in the ARC-PVN circuits which are involved

the regulation of food intakeare:

« Orexigenic circuits: NPY and AgRP neurones.

Activation of these neuronesstimulate food intake.

« Anorexigenic circuits: POMC & CARTneurones.
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Activation of these neurones reduce food intake. POMCis cleaved to a-

melanocyte stimulating hormone (a-MSH) which acts through the MCA4Rreceptor for

its anorexigenic actions.

These ‘appetite centres’ receive afferent signals from the cortex, limbic structures and

the brain stem (nucleus tractus solitarius - NTS). Connection from these centres

project to a variety of other down stream hypothalamic and extra-hypothalamic

pathways including the sympathetic nervous system. Put together, these ultimately

modulate the neuro-endocrine, behavioural and psychological processes involved with

energy homeostasis [224, 234].

iii, PERIPHERAL SIGNALS CONTROLLING FOOD INTAKE & APPETITE

Over the last few years, a number of different peptides and hormones have been

identified which play a major role in the control of food intake and regulation of

appetite and body weight. These are derived from diverse tissues such as the gastro-

intestinal tract, adipose tissue, pancreas and liver. The various peripheral signals

involved in appetite regulation are shown in the following table 12. Interestingly,

apart from ghrelin,all the other gut peptides have anorexigenic properties.

Table 12. Peripheral Signals involved in the regulation of EI [234]

Orexigenic peptides and hormones Anorexigenic hormonesand peptides

Ghrelin Cholecystokinin (CCK)

Peptide YY:(PYY)

Glucagonlike peptide-1 (GLP-1)

Pancreatic polypeptide (PP)

Oxyntomodulin (OXM)

Amylin

Body energy stores sensor Body energy stores sensor

Insulin Leptin

LEPTIN

Leptin was first identified and characterised in 1994 by Zhang et al.[235]. They

identified a 16-kD adipokine derived from fat cells and named it ‘leptin’ — meaning
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‘thin’. It is coded by the human obese (OB) gene located on chromosome 7. Leptin

bears structural homology to cytokines. The secretion of leptin is in direct proportion

to AT mass and hence higher serum leptin levels are seen in subjects with greater

BMIandgreater body fat percentage. Amongst AT depots, a greater proportion of

leptin is derived from subcutaneousrelative to visceral sites and additionally, smaller

amounts of leptin also originates from the stomach, placenta, mammary epithelium

and the heart [207, 236]. Factors which regulate leptin levels include: insulin,

glucocorticoids, estrogens and TNF-a which increase leptin levels and androgens,

NEFAand GH whichreduceleptin levels [207, 212, 236].

Functional aspects of Leptin

Oneof the major functions of leptin in humansandrodentsis that it provides a signal

to the brain about the status of the body’s energy stores. Animal studies have shown

that leptin influences energy homeostasis by its ability to inhibit food intake and

increase energy expenditure so as to regulate body weight and maintain the size of the

body’s energy reservoir [236]. Circulating leptin gains access to the hypothalamus

and bindsto specific leptin receptors on neurons which secrete anorexigenic peptides

- POMC & CART.It mayalsodirectly inhibit the orexigenic activity of the NPY and

AgRP neurons.

Leptin has been shown to improveinsulin sensitivity of the liver and skeletal muscle,

by its ability to decrease intra-cellular lipid levels. Central sympathetic system

activation of adrenergic receptors brought about by leptin may also account for the

improvementin insulin sensitivity of skeletal muscle.

Leptin also has a role in reproductive function, immune function, haematopoiesis and

bone development[207, 212, 236].

Role of Leptin in Energy homeostasis in humans

Human studies have demonstrated a role for leptin in the process of adaptation to

energy deprivation. Fasting results in a significant reduction in plasma leptin

concentration and this reduction happens even with short durations of fasting (such as

36 hours) indicating that signals other than alterations in AT massare involved in this

process. It is likely that variations in insulin concentrations during fasting are

responsible for the changes in leptin concentrations [213, 236]. Short or long term

overfeeding, on the other hand, results in an increase in circulating leptin levels and
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adipocytes leptin expression in healthy humans. The composition of a meal also

affects serum leptin levels with a low fat/high CHO mealresulting in a larger increase

compared to a high fat/low CHO meal. Again, the quantitative changes in insulin

levels brought about by food intake itself and the composition of food might be

responsible for the changesin leptin levels. The effect of leptin on REE in humansis

less clear with most studies showing no correlation with resting metabolism in lean

and obese subjects. Common forms ofobesity (i.e. life style related) are associated

with high leptin levels. Obese individuals are leptin resistant as shown by failure of

exogenousleptin to ameliorate the obese state. The mechanisms underlying this leptin

resistance is not known [207, 212].

Interaction of Leptin with the GH-IGF-1 axis:

While the influence of body composition and fat percentage on circulating leptin

levels is well known,the interactions between leptin concentrations and GH/IGF-1 are

less clear.

In healthy individuals with normal BMI, acute bolus administration of a single dose of

rhGH (even within a physiological replacement dose of 0.67mg), was shownto result

in a significant rise in serum leptin levels. This response was significantly correlated

to gender, fat mass and log insulin concentrations [237].

In studies which have examined the effects of GHR on leptin levels in a population

with GHD,the results are varied. Short term GH replacement ( ranging between 1

month to 9 months) in GHD adults have reported a significant fall in serum leptin

levels correlated with changes in fat mass [238-241]. In contrast, no changein leptin

levels were reported with GHR in their study patients with GHD by other

investigators [197, 242-244]. In the study by Kristensenet al [244], for example, after

adjustment for decrease in total AT mass,leptin levels did not change with GHR. The

samestudy also reported that leptin gene expression in adipose tissue was unaffected

with GHR.Therefore,it is as yet unclear if the observed effects of serum leptin levels

seen with GHRare simply a reflection ofan alteration of adipose tissue mass due to

thGH or whether the effects indicate a direct effect of GH -IGF-1 on OB gene

expression andsecretion of leptin by adiposetissue.
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GHRELIN

Ghrelin was identified in 1999 by Kojima et al., as an endogenous ligand for the

growth hormone secretogogue receptor (GHS-R) [245]. Since its discovery from the

rat stomach, there have been several studies in the literature which have investigated

the role of this peptide in the regulation of appetite, body weight andits effects on GH

secretion both in human and animalstudies.

The next section will briefly consider the role of ghrelin in the regulation of energy

balance and its influence on regulating pituitary GH secretion in humans with

emphasis onits role in states of GHD.

Structure and functional aspects of Ghrelin

Structure

Human ghrelin is a 28 amino-acid peptide (figure 7) with a unique structure. The

third serine residue (Ser3) from the N-terminal end hasa fatty acid chain attached toit

(n-octanoic acid) andit is believed that this n-octanylation is essential for the activity

of ghrelin. The human ghrelin gene is located on chromosome3 and codesfor a larger

117 amino acid precursor — preproghrelin which undergoes successive post-

translational modification and cleavage to ghrelin and another 23 aminoacid peptide

namedobestatin.

  -COOH

 

I
(CHp6CHs

n-octanoyl group

Figure 7. Structure of humanghrelin
(Source of image:http://molinterv.aspetjournals.org/cgi/content/)

Both the acylated and the non-acylated form of ghrelin are present in circulation with

the non-acylated form (des-acyl ghrelin) circulating in a much higher concentrations

than the acylated form. Thus the measured plasma concentration of total ghrelin in

humansincludesthe active, acylated form and des-acyl ghrelin, with typical values of

100-150 fmol/L for total ghrelin and 10-20 fmol/L for acylated ghrelin [234, 246,

247].
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Ghrelin acts by binding to a specific and ubiquitous G-protein coupled receptor: GHS-

Rla. This receptor is present in the pituitary, hypothalamus and a wide variety of

organ systems. The acylated residue is essential for the binding of ghrelin to GHS-R

as shownbythe absence of orexigenic and GH-stimulatory effects of ghrelin in GHS-

R deficient mice. Des-acyl ghrelin does not possess the endocrine properties of the

acylated molecule as it does not bindto the ghrelin receptor [246, 248].

Source ofGhrelin

The major sourceofcirculating ghrelin in all vertebrate species is the stomach. Within

the gastric mucosa, are a group of entero-endocrine cells termed X/A-like cells which

synthesise ghrelin. Most of the gastric ghrelin is derived from the fundus of the

stomach with lesser amounts from the gastric pylorus and even smaller amounts from

the small intestine and colon. Gastrectomy or gastric bypass results in a near 65%

reduction in circulating ghrelin levels in humans.In the brain, the hypothalamus and

pituitary are known to express ghrelin and have an abundance of the GHS-Rla.

Ghrelin at these sites is derived not only from the periphery but is also synthesised

locally wherein it functions in an autocrine and paracrine fashion [246, 247, 249].

Ghrelin and GH secretion

Data from animal studies and human experiments have clearly shownthat ghrelin is a

very potent GH secretogogue [247, 250-253]. The maximum stimulatory effect on

GHsecretion by ghrelin is ~ 5 fold greater than that achieved by GHRH. Typical

values of peak GH secretion are 107 pg/L following i.v ghrelin administration

compared to 23 pg/L following GHRH [251]. Ghrelin induced GHrelease requires an

intact hypothalamic-pituitary pathway as shown by the proportionately lower GH

levels stimulated by ghrelin in vitro compared to in vivo and in patients with organic

disease of the hypothalamic pituitary region [247].

Although ghrelin stimulates GH secretion directly, a number of studies have

demonstrated that ghrelin is not essential for GH secretion induced by well known

physiological parameters such asexercise, fasting and insulin induced hypoglycaemia

[254-256]. Gut derived ghrelin, therefore, is not a major regulator of pituitary GH

secretion under normal conditions.
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Interaction ofGhrelin with the GH-IGF-1 axis

With the recognition that ghrelin was a potent GH secretogogue in humans,it wasfelt

that a physiological feedback loop could exist linking the GH-IGF-1 axis and ghrelin

in normal healthy humansandin states of GHD. However, evidence in theliterature

to date suggests the absenceofany suchrelationship between the two hormones.

Like GH, ghrelin levels were shownto be sexually dimorphic (higher in women than

men) when 24-hourprofiles of plasma ghrelin and GH levels were studied in healthy

normal weight humans (BMI 21-24 kg/m?) [257]. Using a GHRH receptor antagonist

in the same study, it was possible to demonstrate a marked suppression of GHlevels

with no change in concomitantghrelin levels suggesting the absence ofany reciprocal

link between ghrelin and GH. Similarly, the lack of a reciprocal link between GH and

ghrelin has also been supported by other studies using acute GH administration and

GHreceptor blockade in healthy humans [258, 259] and in pathological states such as

acromegaly [260].

Data on the potential interaction between plasma ghrelin levels and the GH-IGF-1

axis in states of GHD and with GHR are more varied. This is due to the difficulty

posed by the presence of excess body fat in AGHD which in turn affects ghrelin

levels; as ghrelin levels are inversely related to adiposity [261].

In studies which have compared ghrelin levels in GHD patients to healthy controls

[262-264], significantly lower ghrelin levels was noted in GHD subjects than matched

healthy controls in only one study [262]. In both the other studies [263, 264] although

body fat percentage was higher in GHD subjects compared to matched controls, there

was slight or no difference in measured plasma ghrelin levels between healthy

controls and GHDsubjects. This discrepancy was thought to be due to anthropometric

variability (age, gender) in the chosen control groups.

Similarly, studies examining the effects of plasma ghrelin levels following

physiological GHR in AGHDhave showncontrasting results. Engstrom et al., [239]

showed that 9 months of GHRresulted in a mean reduction of ghrelin levels by 29%

which wasparalleled by a 2% reduction in body weight and 27% reduction in body

fat. In contrast, Janssen et al., [263] showed no changein ghrelin levels after 1 year of

GHR in GHDpatients. Thestriking differences between both these studies was the

higher BMI (28.4 vs. 26.1) and the lower rhGH doses used (1.52 IU vs. 2.4 IU daily)

in the Jansenn study compared to the Engstrom study respectively.
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In complete contrast to the above twostudies, Giavoli ef al., in 2004 [262] reported

differing effects of short and long term rhGH administration on ghrelin levels in GHD

adults. Short term rhGH administration (GH dose of 0.025mg/kg/day for 7 days),

resulted in supra-physiological IGF-1 levels with a significant decrease in ghrelin

levels. In the longer term, one year of GHR (mean dose 0.3mg daily) in 17 AGHD

patients (mean BMI27.2) resulted in a mean increase in ghrelin levels compared to

baseline (232.4 vs. 193.9 pmol/L) that reached the values seen in age-sex-and BMI-

matched controls. The increase in ghrelin mirrored reductions in BMI, BF% and

leptin levels. However, no correlation between ghrelin and GH and/or IGF-1 was

observedat baseline and after 12 months of GHRinthisstudy.

The lack of correlation between baseline ghrelin levels in GHD adults and GH/IGF-1

levels was also reported by Malik et al [264], with the only significant correlation in

the latter study being an inverse relationship between plasma ghrelin and WC and

WHRin AGHDsubjects.

Lastly, GH secretion is normal in patients with gastric bypass in whom very low

ghrelin levels are found [249].

Taken together, these data indicate the absenceof any reciprocal relationship between

ghrelin and the GH/IGF-1 axis in normal physiological conditions. In pathological

states of GHD or GH excess, any relationship is overshadowedbythe greatereffect of

absence or excess GH on body composition (LBM & BF %), such that firm

conclusions cannot be drawnfor anydirect relationship between the two. Ghrelin may

however interact with the somatotroph axis through its complex regulation and

interaction on feeding behaviour andits effect on energy homeostasis.

Ghrelinandits role in Energy Homeostasis

Animalstudies

The stimulatory effect of ghrelin on food intake was noted in several rodent studies

whichreported an increase in food intake, body weight, body fat and RQ following

ghrelin administration [265]. In contrast to the other orexinogenic peptides (NPY and

AgRP) which required intracerebroventricular (icv) administration, the advantage

with ghrelin was that the appetite stimulatory effects were seen even with peripheral
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administration. From these animal studies, the site of action of peripherally

administrated ghrelin in the brain was established by the demonstration of a marked

increase in c-fos immunoreactivity in parts of the brain which regulate feeding

behaviour such as the ARC, PVN, LH, NTSand area prostrema. Neurones expressing

the orexigenic peptides - NPY, AgRP and orexin were specifically shown to be

stimulated by ghrelin, while the activity of the anorexigenic neurones ( POMC &

CRH-producing) were inhibited [265].

Studies in Humans

Food intake

Ghrelin is currently known to be the only peripherally derived orexigenic hormone

[266-268]. From experiments in humans,it has been shownthat subjects infused with

ghrelin not only describe hungeras a distinct effect of ghrelin administration butalso

report higher appetite scores on a visual analogue scale and consume 28% more

energy from a free choice buffet meal comparedto saline infused controls [267, 268].

This clearly demonstrates its role in enhancing food intake in humans.It is believed

that the orexigenic effect of ghrelin on food intake might operate via three different

pathways: i) Gastric derived ghrelin secreted in the periphery and crossing the

incomplete blood brain barrier at the medial ARC;ii) ghrelin stimulates afferent vagal

nerve terminals in the foregut which in turn signals the hindbrain and then indirectly

the hypothalamus;iii) ghrelin producedlocally in the hypothalamus whereit directly

stimulates neuronesinvolved in feeding [265].

Regulationofghrelin secretion

Ghrelin levels rise before meals and fall to trough levels between 60-120 minutes

after meal ingestion, suggesting that ghrelin signals as a meal initiator in humans

[248]. Cummingset al., demonstrated that this meal initiation in humans occurs even

in the absence of time and food-related cues and wasassociated with a tight overlap

between ghrelin levels and hunger scores[269].

The post-prandial regulation of ghrelin levels is believed to be mediated by endocrine

and/or nutritional modulation and is independentof gastric distension[261]. Insulin

has an inverse temporal relationship with ghrelin suggesting this hormone to be a

primeregulator of ghrelin levels in humans. Glucose administered either by the oral

or parenteral route suppresses ghrelin levels[261]. Exogenous insulin administration
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using a hyperinsulinemic clamp technique has also been shown to suppress ghrelin

levels independent of plasma glucose concentrations with a typical 15-50% reduction

in plasma ghrelin concentrations [270-273]. In a study conducted in C-peptide

negative patients with type 1 diabetes mellitus, it was shown that in the absence of

insulin, meal intake did not suppress plasma ghrelin. When compared to the

administration of basal insulin alone, prandial insulinisation ( basal plus prandial

insulin dose) resulted in a greater suppression of ghrelin ( 57% vs. 38% reduction)

indicating that insulin plays a crucial role in the postprandial regulation of ghrelin

concentration [274].

In contrast to these studies of hyperinsulinemia, elevations of glucose-insulin levels

seen in the physiological range did not result in any effect on ghrelin levels in two

other studies [275, 276].

Nutrient factors in food possibly also influence ghrelin levels in addition to the role

played by endocrinesignals. Ingestion of carbohydrate rich meals in liquid and solid

forms both suppress ghrelin levels[261, 277]. Ingestion of fat-rich test meal has been

shownto result in a slowerfall in ghrelin when compared to a more rapid fall with a

carbohydrates [277]. In contrast, increases in serum NEFA concentrations by i.v

infusion oflipid emulsion, however did not change ghrelin levels[272]. A protein rich

meal was shownto raise ghrelin levels between 30 and 150 minutes post-ingestion

[277].

In addition to individual macronutrients, the calorie content of a meal also playsa role

in regulating ghrelin levels. When subjects were given liquid meals ( pre-loads) which

were of varied calorie content ( 7.5%, 16% and 33% oftotal daily energy expenditure)

but equal in volume and macronutrient content, the extent and duration to which

ghrelin levels fell were noted to be directly proportional to the ingested calorie load,

suggesting that calorie dense meals suppress ghrelin more and for longer than those

with fewercalories [248, 278].

Long termenergy balance andghrelin

In the short term, ghrelin levels increase with fasting and fall with food intake. The

role of ghrelin in the long term energy balance in humanscanbe seenby the influence

of variousnutritional states on plasma ghrelin levels.
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Ghrelin levels rise in response to weight loss induced by diet or life style

modifications. Levels are also high in pathologic states such as anorexia nervosa,

cancer cachexia and chronic heart, liver or kidney failure [279] all of which are

associated with weight loss and reducedcalorie intake.

On the other hand, ghrelin levels are lower in obese compared to lean subjects.

Weight gain caused by over-feeding, excess glucocorticoid treatment and successful

treatment of celiac disease or anorexia are all associated with a fall in ghrelin levels

[279]. Obesity is also associated by failure to suppress ghrelin level after food intake

when compared to lean controls [280]. Obese humans, in spite of having lower pre-

prandial ghrelin levels, maintain their responsiveness to peripherally administered

ghrelin with enhanced appetite and food intake. This indicates that the lower ghrelin

levels in obesity are likely to be an adaptation to the positive energy balance

associated with the obesestate. Leptin levels, as previously discussed, show a positive

correlation with fat mass and obesity. However, it is unlikely that leptin levels have

any direct influence on ghrelin levels [236].

In conclusion, both leptin and ghrelin have an important role in the complex

regulation of energy homeostasis in humans. The commonfeature shared by both

these hormonesis their peripheral origin (AT and stomach, respectively) and their

signalling in the hypothalamus. However, the metabolic actions triggered by both

these hormonesare very different. While leptin functions more as an adiposity signal

and indicator of long term energy stores, ghrelin appears to have a role in both the

short and long term regulation of energy balance by its ability to enhance calorie

intake and its adipogenic effect. Finally, although ghrelin is a powerful GH

secretogogue, it appears not to be involved in the physiologic regulation of GH

secretion but perhaps interacts with the GH/IGF-1 axis in pathologic states ( such as

in GHD) dueto alterations in body composition.
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Chapter 2

PATIENTS AND METHODS
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Patient Recruitment

Patients for this study were recruited from the weekly Joint Pituitary Clinic held at the

Walton Centre for Neurology and Neurosciences (WCNN), Liverpool, UK. The

WCNN is tertiary referral centre for the Merseyside, North Wales and Cheshire

regions of the UK. Theclinic is run jointly by a consultant neurosurgeon and

consultant endocrinologist. Patients with variousintracranial pathologiesinitially seen

and managed (surgery and/or radiotherapy) by the neuro-surgical team are referred to

the endocrinologist for assessment and management of their residual endocrine

function. Those diagnosed to have severe GHD wereidentified as being eligible for

this study and were provided with a study information pack. All subjects were given

the opportunity to ask questions about the aims and methods before giving written

informed consent. Exclusion criteria for the study were as follows: those aged > 60

years, patients with diabetes mellitus, and patients on medications which could

potentially influence mood and appetite. None of the patients were known to have a

previous diagnosis of eating disorders.

Ethical Approval

The study was approved by the St Helens and Knowsley Research Ethics Committee

(project registration number 04/Q1508/13).

Diagnosis ofGrowth Hormone Deficiency (GHD)

All patients deemed to have hypothalamic-pituitary dysfunction as a result of

structural abnormalities, surgery and/or radiotherapy had baseline measurements of

their anterior pituitary hormones ( IGF-1, free T3, free T4, TSH, random cortisol,

FSH, LH, gonadalsteroids and prolactin). Further, dynamic pituitary functiontesting,

if required, was done using glucagon stimulation test for assessment of ACTH and

GH axes [43]. Glucagon testing was donein the fasted state with Img of glucagon

administered subcutaneously (1.5 mg if body weight > 90kg) and serum samples for

cortisol and GH obtained at 90,120,150,180 and 210 minutes following glucagon

injection.

Patients with hypothalamic- pituitary disease were identified to have severe GHD on

the basis of a peak GH response of <3 ug/L and impaired QOL using the Assessment

of Growth Hormone Deficiency in Adults questionnaire [AGHDA]. AGHDAis a

disease specific self assessment questionnaire designed to be used in adults with
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GHD.The format consists of 25 questions with a yes/no response to each. A total

score (possible range 0-25) of> 11 indicates significant impairments in QOL as a

result of GHD.

Patients with a peak GH of < 3 pg/L on dynamictesting and AGHDAscore > 11 were

offered GHRasper current recommendations[36].

Growth hormone replacement (GHR)

Patients with severe GHD who opted for GHR were commenced on commercially

available recombinant human GH (rhGH) [Humatrope® (Eli Lilly) or Norditropin

SimplexX® (Novo Nordisk)]. Patients attended the Walton Diabetes Centre where an

endocrine nurse provided them with all the necessary education and information prior

to commencing them on daily injections. Patients were taught to self- administer GH

injections and were instructed to administer this at 2200 hours each night. They were

also encouraged to maintain telephonic contact with the endocrine nurse over the

subsequent weeks. All subjects were started on a standard rhGH dose of 0.3 mg

subcutaneously daily. They attended the Walton Diabetes Centre monthly for the first

three months during the dosetitration phase, when the dose of rhGH wastitrated up

(or down) based on clinical response and to achieve an IGF-1 level in the upper half

of normal range standardised for age and gender. Once on a stable replacement dose,

subjects were then maintained on this dose of rhGH for a minimum duration of 6

months before they were re-studied using the same protocol described in chapter4.

All patients, in addition received standard pituitary hormone replacements

(hydrocortisone, thyroxine, sex steroids and desmopressin) if required on the basis of

their anterior pituitary hormoneprofiles and the presence of DI. Patients were studied

only after they had been on stable hormone replacement treatment(s) for at least 3

months and the adequacy of hormone replacement was ensured prior to study. All

except two patients were GH naive. Both of these patients had previously received

GHin their childhood and this had been stopped after completion oflinear growth.

Side effects with initial rhGH replacement occurred in 5 patients. These were minor,

in the form of headaches or myalgia which necessitated a reduction in rhGH dose in

these patients. Although we aimed to achieve an IGF-1 level in the upper half of

normalreference rangein all subjects; the occurrence ofside effects precluded this in
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these and a serum IGF-1 level in the lower / mid normal range was taken as an

acceptable compromise.

Measurementofresting energy expenditure (REE)

For the purpose of this study, REE was measured by indirect calorimetry using a

ventilated hood system (Deltatrac Metabolic Monitor, Datex-Ohmeda, Finland) as

shownin figure 8.

 
Figure 8. Photograph of a subject having their REE measuredin the ventilated hood

system.

The equipment wasallowed to warm up for 30 minutes prior to commencing thefirst

measurement and wascalibrated using a gas mixture of known concentration at the

beginning and after four hours of each study day. The hood hasanairinlet at its apex

and an airoutlet in a position near the subject’s mouth. Roomair is drawn throughthe

hood at a constant rate (40 L/min for a lean adult, 60L/min for an obese adult) and

samples are taken from the inlet and outlet to measure concentrations of inspired and

expired gases using a paramagnetic oxygen analyzer and infrared carbon dioxide

analyzer. Flow rate and gas concentrations are integrated over one minuteinterval to

calculate oxygen consumption and carbon dioxide production. Measurements were

performed with the subjects reclining supine with 30° head up tilt in a temperature

controlled room at 21 + 1° Centigrade. Having reclined, the hood and attachedclear
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plastic canopy were placed over the subject’s head and a five minute period of

acclimatisation was allowed before measurements. Measurements were performed for

a total of 20 minutes prior to baseline blood sampling. Data were stored on the

metabolic monitor during the study period and transferred to a personal computerat

the end of the study for further analysis. The data transferred include minute-by-

minute RQ, VOz and VCOz, which were used for the energy expenditure calculations.

Data were inspected visually and any obviousartefacts removed before averaging the

data over the 20-minute recording period. Energy expenditure was calculated using

the Weir equation:

EE =5.5 x VO, + 1.76 x VCO, — 1.99 x Nu

Test meals

Fixed calorie breakfast

Subjects consumed a standard breakfast containing 600 Cal with 63.9% calories as

carbohydrate, 13.0 % as protein and 23.1% as fat over a 15 minute period. The

composition of breakfast is shown in Appendix 1. In order to maintain uniformity,

the calorie content and composition of breakfast was the same for men and women.

Free choice buffet lunch

Three hours after the breakfast all subjects were offered a free choice buffet lunch.

The items offered at the buffet lunch (see Appendix 2) were consistent between

patients, and were designed to be acceptable to a wide range of palates and were

offered in sufficient excess to enable all subjects to eat to satiety. The total calorie and

macronutrient composition of the buffet lunch is as follows: 2504 Calories with 49%

calories as carbohydrate, 12% as protein and 38% asfat.

Subjects were informed that they could eat whatever they wanted and in whatever

quantity over a 30-minute period. Food was weighed before and after lunch and the

difference in weight was used to calculate their total calorie and macronutrient intake

using the WinDiets© software (www.rgu.ac.uk/windiets).
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Eating behaviourand appetite

Visual Analog scales (VAS)

Hunger and satiety was assessed using a visual analogue scale (VAS). A VAS

consists of a question and a 100mm unmarkedscale anchoredby descriptors acting as

reference points of extreme sensationsat either end. The scales may be unipolar(e.g.

not at all hungry-very hungry) or bipolar (e.g. hungry-sated). Unipolar scales are

considered more accurate and sensitive since bipolar scales are associated with

positive skewing of the data [281]. The validity of using appetite scales has been

studied in different formats (i.e., only pre meal or test-retest) in order to improve

consistency and reproducibility. When measured only pre meal, data tend to be

clustered towards the end of the scale representing hunger. However, when the VAS

ratings were assessed under controlled conditions using an identical test meal on

repeated occasions, responses were consistent within subjects, showing no major

differences. Also, inter prandial VAS score was shownto correlate with subsequent

energy intake [282].

Subjects described in this thesis used a 100 mm unipolar VASrating as shown in

Appendix 3. Using the reference points, subjects were instructed to mark with a

single vertical line the point on the line which best described their particular

subjective sensation in question. This therefore allowed the conversion of a

subjective sensation into an analysable numerical quantity. Assessments were made

pre breakfast, immediate post breakfast and at hourly intervals thereafter (60 minutes,

120 minutes and 180 minutes following completion of breakfast). One subsequent

measurementwasalso taken immediately following free-choice buffet lunch.

The threefactor eating questionnaire (TFEQ)

The Three Factor Eating Questionnaire (TFEQ) was developed as a psychometric

instrument for the study of eating behaviour[283]. It measures three different domains

of eating behavior: cognitive control of eating - otherwise also referredto as restraint,

disinhibition (loss of control over food intake) and susceptibility to hunger.
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A simple explanation of these termsis relevant here:

1. Cognitive control of eating (Restraint):

This can be defined as the conscious attempts to limit food intake to control body

weight. People with higher restraint tend to eat more in the presence of potential

disinhibitors of self control.

2. Disinhibition:

Disinhibition refers to the tendency to episodically overeat when the usual conscious

controls on food intake are overridden, often in response to external cues. The classic

disinhibitor often cited is alcohol. Alcohol ingestion increases food intake among

restrained eaters compared to unrestrained eaters under appropriate circumstances.

Other potential disinhibitors are dysphoric emotions (depression and anxiety). When

depressed, highly restrained eaters gain weight whereas unrestrained eaters lose

weight [283]. Whilst higher restraint scores have been associated with lower body

weights, high disinhibition scores are associated with greater binge eating severity.

3. Susceptibility to hunger.

This domain of the TFEQ measures not physiological(i.e. ‘state’) hunger but‘trait

hunger’. ‘Trait’ hunger has a tonic form of expression i.e. it does not fluctuate daily

and is a more enduring and resilient phenomenon likely to influence an individual’s

on-going tendencyto eat or to select foods. Lower scores in this domain predict better

responses to weight loss treatments.

The TFEQ consists of a 51 item questionnaire (see Appendix 4) having 36 closed

questions with a forced, true/false response format and 15 Likert scale items (4/6

points). The TFEQ has high internal consistency for the three domains (Cronbach’s

alpha 0.79-0.93) It is a well-validated tool used to assess changes in eating behavior

with established reliability and validity and has been used in a number ofdifferent

clinical studies and in diverse groups ofpatients e.g. eating disorders [284], simple

obesity [285] and following bariatric surgery [286].

Although none of our patients had disordered eating, the questionnaire was used to

assess differences in the patterns of normal eating as a result of GHR. Patients were

askedtofill out the questionnaire at homeandto return it by mail.
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Body composition

Body composition wasassessed by bio-electrical impedance analysis using Tanita TBF-

521 bioimpedancescales (Tanita Corp, Tokyo, Japan). These scales pass a safe electrical

signal from foot to foot, through the lower half of the body, to measure impedance.

When set against gender, height and weight, impedance can be used to determine

percentage body fat and fat mass. This method is highly correlated with the ‘in vivo’

gold standard for measuring body composition, the four compartment model, for

percentage body fat (0.89, p<0.05) and fat mass (r=0.93, p<0.05). The Tanita scales

yields slightly higher values for percentage body fat (+0.9+10.2) and fat mass (+0.8+7.9)

[287].

Subjects were asked to void urine before body fat was assessed by impedance

measurements. Height was measured with subjects barefoot against a standard

stadiometer to the nearest 0.1 cm. Weight was measureddigitally on the Tanita scales.

BMIwasdefined as weight (kg) / height” (m). Waist circumference (WC) was measured

midwaybetweenthe lowerrib andiliac crest and hip circumferenceat the level of greater

trochanters and waist — hip ratio was calculated (WHR). All measurements were done by

a single observer.

Voluntary physicalactivity [Accelerometry]

For the purposes of this study, voluntary physical activity was measured by the Bio

Trainer Pro® accelerometer which is shownin figure 9.

Wine
s

 

Figure 9. Model of Bio Trainer Pro device usedin this study
(Source of image: www.imsystems.net)

Bio Trainer- Pro (Individual Monitoring Systems, Baltimore USA)is a small, compact,

clip-to-belt ambulatory device used to measure physical activity. It features a biaxial

85



acceleration sensor for measuring a full range of body movements from sedentary to

intense physicalactivity.

Data is digitally sampled, accumulated in 15 seconds, 30 seconds, 1 min., 2 min., or 5

min. epochs lengths and savedtill further analysis. The Bio Trainer Pro® accelerometer

used in our study has previously demonstrated its validity and usefulness in assessing

scheduled and habitual physical activity under free living conditions. In a study at Johns

Hopkins University [288], 40 obese women took part in a randomised trial which

compared structured aerobic exercise to moderate intensity lifestyle activity in a weight

management programme. The group which used the Bio Trainer Pro® device to monitor

the increase their lifestyle activity were more successful in maintaining weightlossat the

end of one year follow up. The visual feedback provided by the device was felt to be

motivational for subjects who lost weight.

For the purposesofthis study, subjects were advised to wear the Bio Trainer- Pro device

clipped to their waist as shownin figure 10.

   
mn

Figure 10. A Biotrainer device in use (model shownis not Biotrainer Pro)
(Source of image: www.thegadgeteer/biotrainer3 jpg)

They were asked to wear it continuously during their waking hours for one week

(minimum of 10 hours per day) starting from the day after the study. They were

instructed to remove the device when bathing, showering or swimming and before going

to sleep at night. The accelerometer was programmed to record body movementsat 2-

minute epoch lengths. Patients re-attended the research centre to hand the device back

after a week. Data was then downloadedto a personal computer and converted using the

manufacturer’s software into ‘units of activity’.

Of the 19 subjects recruited, only 11 (57%) agreed to have their activity measured over

one week. The primary reasonfor the other 8 subjects not having activity assessment was

the geographic distance they lived from the research centre. The travelling time involved,
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inability to take time off from work and reliance on someonefor transport was mentioned

as being some of the major deterrents to participate in this part of the study.

BiochemicalAssays

Samples were collected from patients after overnight fast and after measurement of

REE were completed. Serum samples were allowed to stand for 15 minutes prior to

centrifugation at 4°C. Plasma samples for fasting glucose estimation were collected in

fluoride oxalate tubes and frozen at —20°C within 30 minutes of collection. All

samples were subsequently stored at -80°C until assayed.

Glucose and Insulin

Fasting plasma glucose (mmol/L) was analysed by glucose hexokinase method using

the ADVIA 1650 system (Bayer UKItd).

Fasting insulin (uU/ml) was quantified by a solid-phase, two site, chemoluminescent

enzyme-labelled immunometric assay using an Immulite 2000 automated analyser

(Diagnostic Products Corporation-UK, Llanberis, Gwynnedd).

Insulin resistance was assessed from one fasting glucose and fasting insulin sample

using the HOMA2 calculator (v 2.2.1)[289].

Inflammatory markers

High sensitivity CRP (hs CRP) was measured by immuno-turbidimetric method on

Olympus AU 2700 automated system (Hamburg, Germany) with a sensitivity of

0.07mg/L andintra assay precision of 0.73-5.73% CV.

TNF — a was measured in serum using a commercial cytokine ELISA assay(

PeliKine™ kit, MAST diagnostics, UK) with an assay sensitivity of 1pg/ml andintra-

and inter assay <10% CV.

IL-6 was measured using a commercial cytokine ELISA assay ( PeliKine™ kit,

MASTdiagnostics, UK) with an assay sensitivity of 0.3 pg/ml and intra- and inter

assay <10% CV.

Ghrelin ( acylated)

Blood samples for measurement of acylated ghrelin was collected in chilled EDTA

vacutainer tubes and promptly centrifuged at 4°C. The plasma separated was

subsequently acidified with 200ul of 1 N HCI/ ml and stored immediately at -80°C
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until assayed. Acylated ghrelin was measured using a commercially available ELISA

kit ( Humanacylated ghrelin assay, EZGRA — 88K, Millipore UK). The sensitivity of

the assay is 25pg/mL with an inter-assay precision of 7.5-12% and intra-assay

precision of 0.9-7.5%.

Otherassays

Fasting serum lipids (total, LDL-, HDL- cholesterol and triglycerides) were measured

on an Olympus AU 2700 automated system (Hamburg, Germany). Serum IGF-1

levels were measured using a solid-phase, enzyme labelled chemiluminescent

immunometric assay (IMMULITE 2000, Seimens) with an analytical sensitivity of 20

ng/ml( 2.6 nmol/L).

Serum leptin levels were measured using a commercial ELISAkit ( Quantikine, R &

D Systems) with a minimum detectable value of 7.8 pg/ml, an intra-assay precision of

3 — 3.3% CV andinter assay variability of 3.5 -5.4% CV.
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CHAPTER3

HYPOTHALAMIC —- PITUITARY DISORDERS, GROWTH

HORMONEDEFICIENCY & CARDIOVASCULARRISK
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Summary of Justification and Aims

A study published in 1990 by Rosen & Bengtsson [95] wasthe first to demonstrate

that hypopituitary adults have excess mortality from vascular disorders. In that

retrospective study standardised mortality risk was 2.5 times higher in hypopituitary

patients compared to controls, with up to 58% of excess deaths primarily due to

ischemic heart disease (IHD) and cerebrovascular disease. A numberof studies [96-

98, 290] subsequently confirmed this finding of excess cardiovascular disease in

hypopituitary adults and it was felt that this elevated risk was due to alterations in

traditional CV risk factors such as abnormal body composition, atherogenic lipid

profile, insulin resistance and hypertension in the setting of untreated GHD. In

addition to these well known CVrisk factors, hypopituitary adults with untreated

GHD also have abnormalities of vascular inflammatory markers such as

hyperhomocysteinemia [140], elevated hs-CRP [126, 127, 132] and IL-6 levels [119,

127, 132]. Treatment with GH has also shownto reverse a numberof these adverse

cardiovascular risk factors [73], but this has as yet not shownto translate to reversal

of excess CV mortality in these patients. Patients with functioning pituitary tumours

causing acromegaly and Cushing’s disease, have an increased prevalence of impaired

glucose tolerance, diabetes mellitus and hypertension, which also increase CV risk

[291, 292].

Evidence from large randomised clinical trials have demonstrated that significant

improvements in cardiovascular mortality and morbidity can be achieved in the

general population with effective management of hypertension [293]and

hyperlipidemia [294].

Given that hypopituitary patients have been shownto have excess mortality from CV disease,

the aimsofthis study were:

1. To determine the prevalence of hypertension, dyslipidemia, diabetes mellitus and

established atherosclerotic cardiovascular disease in a large cohort (n =526) of patients with

hypothalamic pituitary disease who attended the tertiary neuro-endocrine service between

2000 and 2005.

Ds In a subset of these patients (n=152) with hypothalamic-pituitary disease, we studied

prevalence of obesity, smoking status and adequacy of treatment of CV risk factors

(hypertension, dyslipidemia and type 2 diabetes mellitus) according to the Joint British

Societies’ guidelines (JBS 2 guidelines) on prevention of cardiovascular disease[113].
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ABSTRACT

Objective:

Hypopituitary adults have increased morbidity and mortality from CVD. The

prevalence of established CVD and adequacy of treatment of CV risk factors

(according to JBS 2 guidelines) was studied in a large group of patients with

hypothalamic pituitary disease.

Study Design:

From the clinic database, the prevalence of established CVD, treated hypertension,

treated dyslipidemia and type 2 diabetes mellitus was recorded in 526 patients with

hypothalamic pituitary disease seen over a 6 year period (2000-2005). Details were

taken from the last recorded attendance and most (90%) of these clinic attendances

occurred in 2004-2005.

A sub-group ( n= 152) of these 526 patients, seen during 2005, were also clinically

examined and assessments of blood pressure, lipid profile, type 2 diabetes mellitus

and smoking status were made. The adequacy of treatment of these CV risk factors

wasalso recorded.

Results:

In the 526 patients (mean age 53 years and 245 males), 26% had treated hypertension,

23.8% had treated dyslipidemia, 9.1% had type 2 diabetes mellitus and 9.9% had

documented atherosclerotic CVD.

Of the sub-group of 152 patients seen in 2005, 36.8% had treated hypertension and

27% had treated dyslipidemia. Many ofthese ‘treated’ patients had inadequate blood

pressure control (BP > 140/85 mmHg, 44.6%) and undesirable lipid levels (total

cholesterol > 4.0 mmol/L, 69%). Also, many of the untreated patients had blood

pressure and lipid levels where treatment should have been considered (26 patients

[27%] and 83 patients [76%], respectively). Smoking was admitted in 19% of

patients. Central adiposity was present in 86% and obesity (BM# 30 kg / m?) was

present in 50% ofpatients.
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Conclusions:

Cardiovascular risk factors are highly prevalent and often inadequately treated in

adult hypopituitary patients. Aggressive treatment of these is essential to reduce the

known excess mortality and morbidity from cardiovascular diseasein thesepatients.

Patients and Methods

A. All patients attending between 2000-2005 (n=526):

Over six years (2000 — 2005), 526 patients with hypothalamic-pituitary disorders

attended the neuroendocrine clinic. At these visits, regular endocrine assessments

were made to identify and correct pituitary hormone deficiencies, including GHD.

The endocrine assessments involved at least annual measurement of random serum

hormones(free T4, free T3, prolactin, LH, FSH, testosterone or oestradiol, cortsiol

and IGF-1). Depending on the primary hypothalamic-pituitary diagnosis, previous

surgery and / or radiotherapy, dynamic pituitary testing with the glucagon stimulation

test for assessing ACTH and GHsecretory reserve wascarried out. [43]. Patients were

replaced with thyroxine, hydrocortisone, sex steroids and desmopressin where

indicated on the basis symptoms, random and/or dynamic hormonetests. Also, over

the last decade GH replacement has been offered, when appropriate, to patients with

severe, symptomatic growth hormonedeficiency (peak stimulated GH level <3 pg/L

and poorquality of life -QOL AGHDAscore > 11).

Clinical details from these patient attendances were recorded in a database. The

following patient details were analysed from the last clinic visit (90% of which

occurred during 2004-2005): the hypothalamic-pituitary diagnosis; previous surgery

and radiotherapy; replacement hormone therapy; presence of diagnosed IHD,

cerebrovascular disease, diabetes mellitus and treatment for hypertension and

dyslipidaemia.

B. Sub-group analysis for patients attending in 2005 (n = 152):

In 2005, the following additional data were recorded in a subgroup of these 526

patients (n=152):

Sitting blood pressure (BP) measured as per the Joint British Societies’ guidelines

[113] [hypertension was defined as sustained systolic BP (SBP) greater than 140
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mmHgand/ or diastolic BP (DBP) greater than 90 mmHg]. The aim of BP treatment

wasa blood pressure target of < 140 mmHgsystolic and < 85 mmHgdiastolic (<

130/80 mmHgin those with diabetes mellitus in view of their CV risk.

Non-fasting random venous plasma glucose, glycated haemoglobin (HbAj,) and

serum lipid profile (TC, LDL-C, HDL-C and Tg) were also measured. For the

purpose of this study, we assessed if patients had achieved a target TC of < 4.0

mmol/l and LDL-C of < 2.0 mmol/l as recommended in the JBS 2 guidelines for

patients who have excess CVrisk [113].

Also BMI (kg/m?); waist circumference, hip circumference and WHR,and body fat

percentage (BF %) (by BIA [Tanita systems, Stokie IL]) were also measured in 120(

79%) of this subgroup.

The prevalence of established CVD in these patients i.e, IHD, cerebrovascular

disease (cerebrovascular accident [CVA] or transient ischemic attack [TIA]) and

peripheral vascular disease (history of intermittent vascular claudication) was

recorded. Additionally, family history of premature CVD (coronary heart disease or

stroke in male first degree relatives aged <55 years and female first degree relatives

aged <65 years) and current admitted smoking status were also recorded.

Results

A. All patientsattending between 2000-2005 (n=526):

Details from the last clinic visit of the 526 patients who had attended the

neuroendocrine clinic over the six year period are shown in Table 3.1 Mean (+ SD)

age was 53 (+ 17) years, 245 males. The most common hypothalamic-pituitary

disorder within this cohort was non-functioning pituitary adenoma (NFPA, 33%).

Prolactinoma (51% microadenoma) accounted for 22% of cases, acromegaly for 15%,

8% had a craniopharyngiomaor Rathke’s cleft cyst and 2.6% had Cushing’s disease.

A large group of patients (10%) had other intracranial tumours, many of whom had

received external radiation involving the hypothalamus and 9% had miscellaneous

conditions involving the hypothalamic-pituitary region.

Of the 526 patients, 26% (n=136) had treated hypertension, 23.8% (n=125) treated

dyslipidemia and 9.1% (n= 47) had type 2 diabetes mellitus. Established

atherosclerotic CVD wasrecorded in 9.9% (n=52) ofpatients. Of these 75% had IHD,

47% cerebrovascular disease and 3% had documented peripheral vascular disease.
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Hypertension wasparticularly common amongstpatients with acromegaly, Cushing’s

disease and NFPA (46.2%, 35.7% and 36.2%, respectively). The NFPA group had the

highest prevalence of established CVD (17.8%). Both the acromegaly and Cushing’s

disease groups (mean age 59 and 44years, respectively) were significantly younger

than the NFPA group (mean age 65 years, P < 0.01). Diagnosed diabetes mellitus was

present in 20.5%, 21.4% and 9.1% of patients with acromegaly, Cushing’s disease

and NFPArespectively.

B. Sub-group analysis for patients attending in 2005 (n = 152):

Table 3.4 shows details of the 152 patients. The most common disorder was non

functioning pituitary adenoma (NFPA, 43.4%) followed by prolactinoma (14.4%).

The table also lists the prevalence of treated hypertension (36.8%), dyslipidema

(27%), diabetes mellitus (9.2%), atherosclerotic CVD (11.1%), smoking history

(current smokers 19%) and family history of premature CVD (14.4%) in these

patients. The atherosclerotic CVD events included 12 IHD (myocardial infarction and

stable angina pectoris), 4 patients with cerebrovascular episodes (2 CVA and 2 TIA)

and onepatient with peripheral vascular disease.

Blood Pressure and Lipidprofiles in the 152 patients:

The actual BP and serum lipid measurements are shownin table 3.5. The mean (+

SD) SBP and DBPin the group collectively were 136 + 22 and 82 + 11 mmHg,

respectively. Fifty-six patients (36%) were already taking anti-hypertensive

medications and in this treated sub-group mean (+SD) BP was 148 + 20 / 86 + 10

mmHg. Despite treatment, 44.6% of these patients still had suboptimal measurements

(> 140 mmHgsystolic and / or > 85 mmHgdiastolic). Of the 96 patients not on

pharmacological treatment for hypertension, 27% had BP readings which would have

warranted treatment. Of the 14 patients with type 2 diabetes mellitus, mean (+ SD)

BP among those with known hypertension was 143 + 11 / 82 + 8 mmHg(target

<130/80 mm Hg).

Results for the 42 patients (27%) who were taking lipid lowering therapy

demonstrated mean (+ SD) TC 4.8 + 0.9 mmol/l; LDL-C 2.2 + 0.7 mmol/l; and HDL

1.3 + 0.3 mmol/l. Despite lipid lowering therapy, 69% oftreated patients had TC >

4.0 mmol/l and 85% had LDL-C > 2.0 mmol/l, reflecting suboptimal treatment. Of

the patients not taking lipid lowering therapy (n = 110), mean total cholesterol was
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5.6 + 0.9 mmol/l, LDL-C 3.1 + 0.8 mmol/l, and HDL-C 1.3 + 0.4 mmol/l and many

of these patients should be considered for pharmacological intervention.

Diabetes Mellitus in the 152 patients:

Of the 14 patients with known type 2 diabetes mellitus, metabolic control was good

(HbA; 6.75 + 1.09 %). Mean random plasma glucose among patients with no known

diabetes mellitus was 5.24 + 0.8 mmol/l and no patients were newly diagnosed with

diabetes.

Obesity and body composition in the 152 patients:

Obesity, defined as BM#30 kgm? [295], was prevalent in 50%; 30.8% were

overweight (BMI>25 -29.9 kg.m7?), and only 19% of patients were of normal body

weight. Of the 60 patients who were obese, 32 (26.6%) had class I obesity (BMI 30 —

34.9 kg.m7), 14 (11.6%) had class II obesity (BMI 35-39.9 kg.m7?) and 14 patients

(11.6%) were morbidly obese (BMt 40 kg.m™). The mean waist circumference

(WC) was 103.4 + 13.9 cm indicating, the majority (86%) had central obesity (WG

94 cm for Europid men and > 80 cm for Europid women [296].

Male patients were more abdominally obese, and had higher waist hip ratio than

women, although womentended to have a higher proportion of total body fat (41.9 +

6.9 % vs. 29.3 + 6.8% P= notsignificant) [see Table 3.6]

Smoking history in the 152 patients:

Cigarette smoking was admitted in 30 of 152 patients (19%).

Discussion

There exists a large body of evidence confirming the substantial benefits of blood

pressure reduction[297-299] , lipid lowering treatment [294, 300, 301] and benefits of

modest weight loss [302] in the general population for reducing morbidity and

mortality from major CV events such as IHD,stroke and heart failure.

In this large study, which examinedthe prevalence of CV disease and CVrisk factors

in 526 adults with hypothalamic-pituitary disease, treated hypertension wasprevalent

in 26%, dyslipidemia in 23.8%, type 2 diabetes mellitus in 9.1%, and CVD, mostly
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IHD in 9.9%. Cardiovascular disease was more prevalent amongst patients with

NFPA,probably reflecting the greater age of the group. We found that hypertension

was diagnosed at a significantly earlier age in acromegalic patients than in patients

with NFPA. This was in agreement with another retrospective study [303] of 200

acromegalic patients which reported that hypertension occurred more frequently and

was diagnosed at a younger age in patients compared to matched controls. Also, in

keeping with the known association of Cushing’s disease and acromegaly with

glucose intolerance [304], diabetes mellitus was found more frequently among

patients with these functional pituitary tumours compared to those with non-

functional adenomas who,collectively, were also significantly older. This trend was

seen in both the larger cohort and in the sub-group of152 patients.

Atherosclerotic CVD appeared more prevalent amongst patients with NFPA, possibly

reflecting an older age-group. Of those with CVD, most (70%) had IHD. The two

patients with a previous CVA hadboth received cranial irradiation, which is a major

knownrisk factor for cerebrovascular disease [305].

In the sub-study of 152 patients, treated hypertension was prevalent in 36.8%,

dyslipidemia in 27%, type 2 diabetes mellitus in 9.2%, and CVD, mostly ischemic

heart disease in 11.1%. With reference to targets set by the JBS 2 guidelines, in this

study, blood pressure wassub optimally treated in 44.6% ofpatients andlipid profiles

were notto target in over twothirds of patients already on lipid lowering treatment. It

should be noted, however, that if the earlier JBS 1 guidelines, published in 1998, were

applied, 52% of patients could be considered to have achievedlipid targets, i.e. TC <

5.0 mmol/L and LDL-C < 3.0 mmol/L. Also, many patients who were not on

treatment for high blood pressure or dyslipidemia, had levels which would have

warranted treatmentas per currentclinical practice guidelines[113].

A major finding in the sub-study was the prevalence of obesity (BM430 kg/m?)

present in 50% of patients. There was a preponderance of central adiposity

particularly in men. This is comparable to the prevalence of obesity (52%) in patients

with type 2 diabetes attending the diabetes clinic at the same hospital [306] and nearly

double the prevalence of obesity amongst both sexes in the UK general population.

According to the Health Survey for England, in 2004, 29.6% of men and 25.8% of

women were obese (BMI> 30 kg/m *)[data for middle aged men and women][307].
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The cause of obesity in these patients is multifactorial. Obesity is associated with

lesions (congenital or acquired) of the hypothalamus due to damage to centres

regulating appetite and feeding. In a recent study from this unit [308], 78.5% of adult

patients with structural hypothalamic damage were obese. Our present study had a

heterogeneous mix of patients with various hypothalamic pituitary pathologies and

only a minority had tumour involvementofthe 3" ventricle or hypothalamus. Also,

physical activity and mood can influence energy expenditure and body weight.

Multiple aspects of quality of life (QOL) e.g. energy levels and psychological

morbidity are impaired in GHDpatients and often these do not normalise in spite of

GHR[94].

The proportion of patients treated for hypertension and dyslipidaemia was higher in

the 2005 subgroup comparedto the larger five-year cohort. This is probably due to

two factors. Firstly, a number of guidelines have been published in the last few years,

backed by evidence from major internationaltrials, outlining the health and mortality

benefits of management of high BP and abnormallipid profiles in various patient

populations. Secondly, there is likely to have been improved adherence to these

guidelines by the health care professionals managing thesepatients.

In the light of evidence for excess mortality from CV disease in hypopituitary patients

[95-99], this study is important as it reveals a large numberof potentially modifiable

CV risk factors within this population which should be managed aggressively. This

has resource implications and physicians managing these patients should actively

screen and identify CV risk factors as well as manage the primary hypothalamic

pituitary problem. This includes consideration of pharmacologic treatments for

hypertension and dyslipidemia and treating these to target. In particular this study

highlights a major need for weight reduction strategies. Weight loss is difficult to

achieve in many and moredifficult to sustain in most patients. It is important that

appropriate lifestyle advice is given to these patients and that drug therapies (e.g.

orlistat or sibutramine) to aid weight reduction are considered. Patients embarking on

a weight loss regimen will require access to dietetic services. Also smoking cessation

programmesincluding pharmacological agents must beinstituted.
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For patients with diabetes mellitus, there are national [309-311] and international

guidelines [312] for management of hypertension and dyslipidemia.

Despite the high cardiovascular burden in patients with hypothalamic-pituitary

disease, no such specific guidelines exist for CV risk factor managementin this group

of patients, although “reversal of increased long-term mortality” is recommended as

an objective of treatment in all patients with pituitary tumours [313].

In summary, this study has demonstrated a high prevalence of modifiable

cardiovascular risk factors including hypertension, dyslipidemia, obesity and smoking

which are present in patients with hypothalamic pituitary disorders, despite

appropriate hormone replacement, including GH. A significant proportion also have

established CVD andin this subgroup it is of even greater importance to identify and

treat modifiable risk factors as a secondary prevention strategy. Obesity, with its

association with type 2 diabetes and the metabolic syndrome, is a major problem for

these patients. All these CV risk factors are easily identifiable and should be managed

appropriately to reduce the burden of premature cardiovascular morbidity and

mortality in this subgroup ofpatients.
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Table 3.5 Blood pressure and serum lipid profiles in patients studied in 2005

depending on pharmacologic treatment.

Risk factor

Blood pressure {

(mmHg)

Lipid profile §

(non-fasting)

(mmol/})

LE

LDL-C

HDL-C

Triglycerides

All patients

(n=152)

136 + 22/82+11

5.4+ 1.02

2.87 + 0.9

1340.4

2.56 + 1.3

NOTE:(as per JBS 2 guidelines) [113] 

Patients taking drug

therapy

Anti-hypertensives

(n=56, 36% )

148 + 20 / 86+ 10

44.6% (n=25) ofrecordings

> 140 mmHg SBP
&/or 85 mmHg DBP

ie. uncontrolled BP {

Lipid lowering treatment

(n=42, 27%)

4.8+0.9 (> 4.0, 69%)

2.2 +0.7 (> 2.0, 85%)

1.3+0.3

2.6+1.4

Patients NOT on drug

therapy

No anti-hypertensives

(n= 96, 64%)

129+ 19/79+12

27.1 % (n=26) ofrecordings

> 140 mmHg SBP
& /or > 85 mmHg DBP

i.e. requiring drug treatment §

Nolipid lowering treatment

(n=110, 72%)

5.6 + 0.9 (> 4.0, 76%)

3.1 40.8 (> 2.0, 44%)

1.3+40.4

DeSeeee

4] Recommendedtarget for BP control: < 140/<85 mm Hg(in patients with diabetes: < 130/<80 mmHg)

§ Recommendedtarget for lipids:

Data expressed as Mean + S.D

TC < 4.0 mmol/L and LDL-C < 2.0 mmol/L.
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Table 3.6 Anthropometric parameters for patients studied in 2005.

 

BMI (kg/m”)

All patients 120 31.2473

<25.0 23

25.0-29.9 ai

230

  
Waist circumference (cm)

Males 52 107.1 +11.6
Females 34 97.7 + 15.5

 

Bodyfat (%)
Males 39 29.3 + 6.8

Females 27 41.9+6.9
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CHAPTER 4

THE INFLUENCE OF GROWTH HORMONE REPLACEMENT

IN ADULTS WITH GH DEFICIENCY ON BODY COMPOSITION,

RESTING ENERGY EXPENDITURE, VOLUNTARY PHYSICAL

ACTIVITY AND INGESTIVE BEHAVIOR
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Summary of Justification and Aims

Adult growth hormone deficiency is a well-characterised and recognised clinical

entity which has been extensively studied in the last 20 years. GHD in adults can

persist from childhood or be acquiredin adult life and the commonest acquired causes

are due to hypothalamic pituitary disorders and their treatments (surgery +

radiotherapy) [25]. Patients with AGHD havealterations in body composition,

increased cardiovascular risk factors, reduced bone mass, decreased mood, social

isolation and poor QOL [25, 56]. Weight gain with a predominantincrease in visceral

fat is a common feature of AGHD [77] and whilst GHR can reduce visceral fat [53,

184], this occurs with minimal alterations in total body weight. GHR also

significantly improves other cardiovascular risk factors [73], bone mass [180] and

QOL[62, 94].

Body weight in manis controlled by factors that regulate energy intake and energy

expenditure. This is regulated in part by hypothalamicstructuresthat integrate neural

and hormonal signals from the periphery to control food intake and energy

expenditure [223, 314]. The hypothalamus may be damaged bydisorders leading to

GHDand such damageis a likely cause of weight gain in hypothalamic pituitary

disease [222]. GHR has been shownto increase REE in a few studies [55, 315].

Furthermore, lean body mass, muscle strength and isometric exercise performance

have been shown to improve with GHR [62, 316]. However, there have been no

studies as yet which have examined the influence of GHR on food intake together

with measures of energy expenditure and physical activity in GHD adults.

In a cohort of adults with severe GHD due to hypothalamic pituitary disease, we

undertook a study with the following aims:

1. To investigate the effects of GHR on food intake, appetite scores and eating

behaviouraltraits.

2. To study the effects of GHR on energy expenditure including REE and

volitional physical activity.

3. Further, the influence of short term effects of GHR (titrated to serum IGF-1

levels) on anthropometric measures and body composition wasalso studied.
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ABSTRACT

Objective: Adults with growth hormone deficiency (GHD) have an adverse body

composition with increased fat mass. It is not known if GHRresultsin alterations in

energy intake (EI) and /or energy expenditure (EE). The aim of the study was to

investigate the effects of GHR on EI, EE and body composition.

Design: An open label follow — up study of 19 adults with severe GHD due to

hypothalamic pituitary disease.

Methods: All patients received recombinant human GH for a mean of 8.9 months.

The following were measured before and following GHR: anthropometric

measurements, body composition using bioelectrical impedance analysis (BIA), food

intake during a test meal, appetite ratings, REE (indirect calorimetry) and voluntary

physical activity (accelerometry).

Results: GHR nearly doubled voluntary physical activity (mean activity units 3319

vs. 1881, P=0.007) and improved QOL (mean AGHDAscore 9.1 vs. 16.5, P<0.0001).

Subjects reported higher fasting hunger ratings following GHR (mean 64.8 vs. 49.6,

P=0.02) but ad libitum energy intake remained the same. Eating behavioural traits

were favourably altered following GHR with lower disinhibition (mean 6.0 vs. 7.2,

P= 0.02) and lower susceptibility to hunger ratings (4.6 vs. 6.8, P=0.001). Obesity

(mean BMI32.9 kg/m’)andcentral adiposity (mean WC 108.1 cm) were common but

GHR did not result in significant changes in body weight, BMI, WC, body

composition or REE.

Conclusions: GHRin adults with severe GHDsignificantly improves voluntary

physical activity and QOL.Following GHR,subjects experience greater ‘state’

(physiological) hunger but eating behaviouraltraits are additionally favourably altered

which mayhelp in body weight maintenance.
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Patients and Methods

Patients

The recruitmentofpatients for the study is fully described in chapter2.

Ofthe nineteen patients who agreed to take part in the study, 18 had adult onset GHD (AO-

GHD) and one had childhood onset GHD (CO-GHD).At baseline, of the 18 with AO-GHD,

there were 6, 5 and 7 patients with three, two and single hormonedeficiencies, respectively.

Four patients had DI and were on DDAVP (Desmopressin). The patient with CO-GHD was

on androgen replacement. He had received recombinant GH treatment as an adolescent for

short stature and had stopped this 19 years ago on completion of linear growth.

The study patients were all Caucasians (14 males), mean age 46.2 years (range 26-60 years),

did not have type 2 diabetes mellitus and were not on medications that could potentially

influence mood and appetite. None had history of eating disorder. All patients were taking

standard, optimized pituitary hormone replacements (hydrocortisone, thyroxine, sex steroids

and desmopressin), if required, at a stable dose for at least 3 months (except GH) priorto their

inclusion in the study. The study was performed in accordance with the principles of the

Declaration of Helsinki.

Study protocol

Patients attended the investigational unit at the Clinical Sciences Centre at 0800 h after a 10-

hour overnight fast. They were instructed to refrain from alcohol or strenuous physical

activity for at least 24 hoursandcigarettes and caffeine containing drinks for at least 12 hours

before the study. Patients were studied twice: before and after GHR.Patients attended their

second visit after having been on a stable maintenance GHR for a minimum of 6 months.

They took their last GH injection at approximately 2200 h the day before the study.

Anthropometric measurements

Subjects were asked to void urine and the following measurements were undertaken in light

clothing: height, weight and body fat percentage (BF%) by whole body BIA (Tanita systems,

Stokie, IL). In addition, WC andhip circumference were measuredand waist hip ratio (WHR)

wascalculated.
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Measurementofresting energy expenditure (REE)

REE was measured at 0830 h byindirect calorimetry using a ventilated hood system as

described in chapter2.

Test meals, assessment ofappetite and eating behaviour

Theseare fully described in chapter2.

Voluntary physical activity

For the purposesof this study, voluntary physical activity was measured by meansofthe Bio

Trainer Pro® accelerometer (fully described in Chapter 2 ). Of the 19 subjects recruited, only

11 agreed to havetheir activity measured over the week.

Growth hormone replacement (GHR)

All patients were commenced on recombinant human GHat standard dose of 0.3 mg

subcutaneously daily. In the first three months (dosetitration phase), the dose of GH was

titrated up (or down) based onclinical response and to achieve an IGF-1 level in the upper

half of normal range standardised for age and gender: normal reference range, 14 - 40

nmol/L (below age of 40); 11- 29 nmol/L (below age of 60). Patients were subsequently

maintained on this dose of GH (maintenance phase). Patients were then restudiedafter they

had been on stable maintenance dose of GH for at least 6 months using the sameprotocol.

Statistical analysis

Statistical analysis was performed using the StatsDirect (StatsDirect Ltd, UK) statistical

software. Data are expressed as mean + standard deviation from mean. Comparison

following treatment in subjects was performed using paired f-tests. Group by time

interaction for VAS scores was analysed using ANOVA for multiple comparisons with

baseline (Dunnett’s method). Two tailed P values were considered significant when P <

0.05.
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Results

Details of the 19 patients (14 male) are shown in Table 4.1. At baseline, all patients had

severe GHD (peak GHresponseto glucagon 1.0 + 0.8 pg/L and QOL-AGHDAscore was

16.5 + 6.2). The estimated duration of GHD (based on the time since diagnosis of the

hypothalamic pituitary disorder) ranged from 6 to 216 months with a mean of 50.3

months. Thepatients received GHR fora total duration of 8.9 + 1.7 months. The final GH

dose was 0.29 + 0.07 mg daily. The dose of GH was adjusted based on clinical response

and to achieve an IGF-1 level in the upper half of normal reference range for age and

gender. Thefinal dose of GH is a reflection of this and no patient needed to stop GH as a

result of side-effects.

Patients showedsignificant improvements in their QOL-AGHDAscores with GHR (mean

pre treatment score 16.5 vs. post treatment score 9.1, P<0.0001) and IGF-1 SDS

significantly increased [median (IQR) - 0.65 (- 0.7 to -0.4) to + 0.36 (0.1 to 0.5) P<

0.0001] (Table 4.2). Body weight and BMI remained unchanged for the duration of the

study [post GHRvs. pre: weight 97.1 + 22.2 kg vs. 95.1 + 22.5 (P = 0.1) and BMI32.9 +

6.6 vs. 32.3 + 6.9 (P = 0.19)]. There were nosignificant changes in WC, WHR, BF %,fat

mass and FFM with GHR.

REE,respiratory quotient (RQ) and voluntary physical activity

The results of REE, RQ and voluntary activity before and after GHR are shown in Table

4.3. There were no significant differences in REE or RQ with GHR. However, patients were

significantly more active (mean activity units 3319.9 + 2078.9 vs. 1881.5 + 1413.1;

P=0.007) during the week this was measured whilst on GHR compared to baseline levels

(n=11).

Hunger,satiety scores and ad libitum energy intake (EI)

Hunger VASscores before and after breakfast for up to 3 hours are shown in Figure 4.1.

Patients recorded significantly higher scores for the item “How Hungry do you feel” and

had a stronger “Desire to eat” in the fasting state, after GHR (meanfasting “Hunger” VAS

score 64.8 mm vs. 49.6 mm; P =0.02 (Figure 4.1) and “Desire to eat” VAS score 67.7 mm

vs. 49.5 mm; P=0.01). However,“Fullness” score in the fasting state was not significantly

different between the two groups (24.8 mm post vs. 20.1 pre GHR, P=0.3). Furthermore,

none of the other items on the VAS scale were significantly different between patient

groups in the fasting state (data not shown). Analysis of motivational and mood VAS
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ratings during the period of the test showed that the ratings changed over time in each

subject compared with baseline, but these changes were not affected by GHR (data not

shown).

Following GHR,patients consumed more calories at free choice buffet lunch (mean 61.4

Kcal greater). There was, however no significant differences in total calorie and

macronutrient consumption between patients when studied before and after GHR (Table

4.3).

TFEQ

Theresults of changes in the eating behaviorin patients after GHR are shown in Table 4.4.

Although there was a suggestion of increased levels of cognitive restraint over eating, this

did not reach statistical significance. However, we found significant differences in the

ratings for disinhibition and susceptibility to hunger. Scores for both of these subscales

were significantly lower after GHR compared to baseline as seen in the table. A further

detailed item analysis of all 51 TFEQ items demonstrated that although a significant

difference was found for the overall disinhibition rating following GHR, no significant

differences were found betweenindividual items related to the disinhibition sub-scale. In

contrast, when comparedto baseline, significant differences were found post-GHRfor the

following items; Q12 (P=0.041), Q24 (P=0.02), Q41 (P=0.004) and Q47 (P=0.014). All of

these items load on the factor ‘susceptibility to hunger’.

Discussion

Adults with GHD havean adverse body composition characterised by increased visceralfat

mass and reduced LBM [25]. A recent study from our unit [106] revealed that nearly 50%

of adult hypopituitary patients are obese (BMBO kg/m’). This is the first study to

prospectively examine EI together with changes in REE and voluntary physical activity

following GHR in GHD adults with hypothalamic pituitary disease.

In keeping with previous reports of increased psychological well being [62, 94] and

subjective reports of increased physical activity, we found that GHD patients demonstrated

significantly higher levels ( 76% more than baseline) of voluntary physical activity after

GHRasassessed over a period of one week using an accelerometer. Accelerometry based

monitoring of physical activity has been used extensively in large populations and in a

diverse setting of activities and has been recognised as a valid and useful tool for measuring
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and evaluating human movement with applications in obesity, weight loss, fitness and

public health research [229]. The Bio Trainer Pro® accelerometer used in our study has

previously demonstrated its validity and usefulness in assessing scheduled and habitual

physical activity under free living conditions in a study which comparedstructured aerobic

exercise to moderate intensity lifestyle activity in forty obese women whotook part in a

weight management programme.In that study, the visual feedback provided by the device

was thought to be motivational in subjects who lost weight [288]. Our study isthe first to

objectively measure the improvementin physical activity brought about with GHRin adult

patients with GHD. Oneprevious study assessed changes in physical activity following

GHRin adults by measuring levels of physical activity and satisfaction with that physical

activity by means of a visual analogue scale in 304 adult patients recruited in KIMS(the

Pharmacia International Metabolic Database of adult GHDpatients)[317]. After 12 months

of GHR,patients reported significantly (17%) higher levels of activity; although this was

quantitatively less than what wasseen in the presentstudy.

The mechanisms underlying the impairment in physical function and QOLin patients with

GHD and their improvement with GHR remain largely unclear. Although GHR is

associated with enhanced LBM andanincrease in muscle mass, it does not appear that this

can be translated into enhanced muscular performance with the currently available

evidence. Changes in muscle fibre size and proportion, improvements in maximal oxygen

uptake (VO2mox) and subsequently enhanced aerobic capacity, improved oxygen delivery

due to GH-stimulated erythropoeisis, and increases in cardiac output haveall been proposed

to be contributors to the improved physical capacity seen in adult GHD patients receiving

GHR[24]. Improvements in mood and diminution of depressive symptomscan also impact

positively on the patients’ physical performance with GH substitution.

Whilst the effects of GHR on substrate metabolism are well known [24, 191], the overall

effect of GHR on metabolic rate is controversial. Whereas some studies have found a

normal [76, 77] or low normal [318] REE in untreated GHD adults, others have shown an

increased REE(after adjustment for FFM) following GHR [315]. These discrepanciesin

the reported effects of GHR on EE can beattributed to methodological differences such as

use of weight-based dosing regimesespecially in the older studies, whichresulted in supra-

physiological IGF-1 levels makingit difficult to ascertain if the observed changes in EE are

indeed a physiological or pharmacological effect. In addition, differences in control groups
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and length of GH treatment may haveboth influenced the observations. In our study there

were no significant alterations in REE following GHR administered for a mean of 8.9

months.

The effect of GHR on energy intake was assessed by providing a free choice buffet lunch.

In this study, we found that after GHR, subjects consumed slightly more calories than at

baseline; however, the total calorie and macronutrient composition of the consumed lunch

wasnotsignificantly different before and after GHR. There is paucity of information on GH

treatment effect on ad libitum EI. Two studies have measured EI using validated nutritional

diaries [319, 320]. One study showeda trend for increased EI during the first 3 months of

GHRin 25 GHDadults but concluded that at the end of 6 months there was nosignificant

increase in EI or change in macronutrient intake detected using a 4-day food record

[320].The second study, which used a standardised 7 day food diary to assess food intake in

88 short small for gestational age children at baseline and after 1 year of GHR, showed

significant increases in caloric and macronutrient intake following GHR [319].

In the current study, physiological hunger and satiety were assessed using VASscores.

Subjects reported significantly higher hungerscoresin the fasting state following GHR. As

expected, there was a temporal change in hunger andsatiety scores during the 3 hours

following breakfast for subjects but we did not find any difference in any of the other

components on the VASsheet (mood,thirst, fullness, relaxation) as a consequence of GHR.

The lack of significant differences in the VAS parameters temporally following the fixed

calorie load (breakfast) suggests that the appetite system is more responsive to biological

satiety which is a normal phenomena.

GHRwasshownto influence some components ofself-reported eating behavior as assessed

by the TFEQ.It is of interest to note that the mean baseline scores for the disinhibition and

susceptibility to hunger domainsin the present study (7.2 and 6.8 respectively) were similar

(7.7 and 6.7 respectively) in a group of non-binge eating disorder obese patients (mean BMI

36 kg/m?) whoparticipated in a weightloss study [284]. In the present study, after GHR,

patients reported significantly lower ‘susceptibility to hunger’ ratings (6.8 to 4.6, 32%

reduction). In order to better appreciate this finding it is important to distinguish between

the two concepts of ‘state’ and ‘trait’ hunger [232]. ‘State’ (physiological) hunger can be

identified as the sensation that fluctuates episodically, and is linked to the pattern of eating.

‘Trait’ hunger, however, has a tonic form ofexpressioni.e. it does not fluctuate daily andis

a more enduring and resilient phenomenon likely to influence an individual’s on-going

tendency to eat or to select foods. The TFEQ identifies trait hunger, and therefore the
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significant reduction in scores indicates that the patients perceive their habitual hungerpost-

GHR to be lower on a long-term basis. This may be useful in body weight

loss/maintenance.It is of interest that similar changes in the TFEQ were observed in the

Swedish Obese Subjects (SOS) study of patients who had undergone bariatric surgery

[286]. A significant reduction in disinhibition and trait hunger (48% and 51% reduction

respectively) was found in patients both at 6 and 24 months after surgery compared to

controls, and maintenance of weight loss wascorrelated to variations in these two domains

of the TFEQ. However, as mentionedearlier, after GHR the VASratings were significantly

higher for hunger items. This suggests that patients on GHR felt less susceptible to the

psychological hunger ‘trait’ but reported higher physiological ‘state’ hunger scores,

although in this study, a small non-significant increase in EI was observed following GHR.

Asboth states andtraits influence consumption through different processes and in different

ways, further research is needed to fully elucidate the effects of GHR on hunger and

associated eating behavior.

On balance, one can speculate that GHR in some wayalters the neurobehavioral circuits in

the hypothalamus which onthe one handresults in a tendency to alter EI in such a waythat

in spite of reporting higher ‘state’ (physiological) hunger and eating more, subjects are

more capable of controlling their eating patterns. On the other hand, voluntary EE is

increased possibly due to improvements in quality of life and mood with GHR.

Oneintriguing finding of the present study wasthe small non-significant increase in body

weight and body fat percentage in subjects following GHR, which occurred on a

background ofincreased voluntary physical activity and no changes in REE.Totalcalorie

intake during the period of study may well have increased driven by the increased fasting

hunger scores as shown in this study. Other factors influencing energy balance, for

example, Non-Exercise Activity Thermogenesis (NEAT)anddiet induced thermogenesis;

which were not assessed, may have also changed. Therefore a state of negative energy

balance was not achieved during the study and further investigations in this area are

clearly indicated.

Over the last two decades, a number of studies have assessed the effects of GHR on body

composition [158, 163]. In our study we did not observe significant changesin total body

weight, BF%, FFM, WC & WHRafter a mean of 8.9 months of GHR. There may be

several reasons to account for the observed differences in the metabolic consequences of

GHR between our study and those reported previously. Firstly, our patients were treated

with a comparatively lower dose of GHR,whichwastitrated slowly to increase serum IGF-

113



1 into the upper half of the normal reference range, a dosing regimethat contrasts with the

older weight-based treatment protocols that resulted in supra physiological IGF-1 levels

[155, 184]. This relatively lower dose is also reflected in the IGF-1 SDS which showed a

modest but significant increase from baseline. Study subjects had an overall 52% increase

in mean serum IGF-1 levels from baseline with GHR (from 14.1 nmol/L to 29.8 nmol/L).

Although it might be argued that there was scopeto further increase the GH dose to obtain

higher mean serum IGF-1 levels, this was not done for the following reasons: some subjects

had already noted improvementsin their subjective energy and moodon dosesas low as 0.3

mg / day and somehad minorside effects (headache, arthralgia) even on the starting dose of

GH which necessitated a dose reduction in those subjects. In the end, each subject did

achieve an IGF-1 level which wasin the upperhalf of the reference range for their age and

gender.

Secondly, the duration of GHD in our patients estimated from the time of diagnosis of

hypothalamic-pituitary disorder, was relatively short (mean 50.3 months) compared to the

probable much longer duration of untreated GHD in previous studies which were carried

out before the routine use and easy availability of recombinant GH in clinical practice.

Hence, changes in body composition were more evident with initiation of GHR in patients

from earlier studies and notso in the present study.

The limitations of the study are the small numberofpatients and the open label design of

the study. GHR is a well established treatment for adults with severe GHD who have

impaired QOL andethical considerations therefore preclude a placebo controlled trial. We

were also unable to obtain activity data on all study patients as the distance to travel to the

investigational centre and their reliance on someonefor transport were the major deterrents.

In conclusion, this study of GHR in adult hypopituitary patients with severe GHD showed

that while EI may potentially increase, eating behavioral traits are additionally also

favourably modified to temper increased food intake and this is balanced by increased

physical activity thermogenesis. Obesity is highly prevalent among hypopituitary adults. In

this population therefore, GHR aloneis unlikely to induce weight loss and other measures

to mitigate weight gain such as dietary management and pharmacotherapy should be

considered. This is essential as obesity is a modifiable cardiovascular risk factor and

hypopituitary patients are known to have excess cardiovascular mortality [95].

114



TABLES

Table 4.1 Characteristics of hypothalamic pituitary disorder, GH-IGF-1 axis and
replacementtreatments for the study patients at baseline.

Characteristic

Total numberofpatients

Age (years)

Hypothalamic Pituitary pathology

NFPA*

Craniopharyngioma and Rathke cyst
Emptysella

Idiopathic hypopituitarism
Suprasellar cyst (unknownaetiology)

Others J

Treatment modality for primary pathology

Trans-sphenoidal surgery
External irradiation

Pituitary hormone replacement therapy

Corticosteroid

Thyroxine

Sex Steroids

Desmopressin

Somatotroph axis

Peak GH level+
Serum IGF-1

Estimated duration of GHD

Mean(range)

Daily GH dose
Mean(range)

Data shownare mean + standard deviation (range)

*NFPA:non functioning pituitary adenoma;

Number

19 (14 males, 5 females)

46.2 + 11.6 (26-60)

W
w
N
n
d

b
d

W
w

~
I

15
11
12

1.0+0.8 pg/L
14.1 + 5.6 nmol/L

50.3 months

(6 — 216 months)

0.29 mg
(0.2-0.4 mg)

4 Langerhanscell Histiocytosis (1); invasive macroprolactinoma(1); suprasellar germinoma(1)

+Glucagonstimulationtest
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Table 4.2 Effects of GH replacement (GHR) on quality of life and IGF-1 levels

Baseline
(PreGHR) PostGHR_ P-value

Quality oflife 16.5 + 6.2 91265 —P<0.0001

(AGHDAscore)

IGF-1 level 14.1+5.6 29.8+7.0 P<0.0001

(nmol/L)

IGF-1 SDS score* - 0.65 +0.36 P<0.0001

(IQR) (- 0.7 to -0.4) (0.1 to 0.5)

Data expressed as mean + standard deviation

*median score; IQR = inter quartile range

n=19

Table 4.3 Resting energy expenditure (REE), respiratory quotient (RQ), voluntary

physical activity and calorie intake at free choice buffet lunch before

and after GH replacement (GHR).

Baseline
(Pre GHR) Post GHR P-value

REE 1647.55 +323.5 1648.7+318.7 ns

(Keal/ day)

RQ 0.84 0.88 ns

Activity data 1881.5 + 1413.1 3319.9+2078.9 P=0.007

(Units)*

Total Calories 792.8 + 288.2 854.2 + 278.5 ns

(Kceal)

Carbohydrates (g) 100.65 + 38.8 111.5 + 36.8 ns

Fat (g) 29.7 + 13.3 33 +128 ns

Protein (g) 34.4 + 10.5 31.6+49.3 ns

Data expressed as mean + standard deviation

*n =11, all others n =19.
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Table 4.4 Three Factor Eating Questionnaire (TFEQ) scores
before and after GH replacement (GHR)

   

 

  

 

  
 Disinhibition |

Hunger

Data expressed as mean + standard deviation
n=16

FIGURE

  

Restraint 758 +4.5 8.5+5.1 ns

 

Susceptibility to  6.8+2.8 46+2.7 P=0.001

 

HungerVASscores

Baseline 15 60 120 180

time points following breakfast 

 

 

—¢—Pre GHR

—*t—Post GHR  

210  
 

* Baseline fasting hunger scores 64.8 mm (post) vs. 49.6 mm (pre); P = 0.02

Figure 4.1 Fasting Hunger VASscore before and after GHR.
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CHAPTER 5

THE INFLUENCE OF GROWTH HORMONE REPLACEMENT ON

PERIPHERAL INFLAMMATORY AND CARDIOVASCULAR RISK

MARKERS IN ADULTS WITH SEVERE GROWTH HORMONE

DEFICIENCY.
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Summary of Justification and Aims

Hypopituitary adults have increased cardiovascular mortality which maybeattributable to

untreated chronic GHD [95-98, 290]. The adult GHD syndrome (AGHD)is associated

with clustering of adverse CVrisk factors such as abnormal body composition including

central (visceral) obesity, dyslipidemia, insulin resistance, and abnormal hemostatic

factors [73]. There is evidence linking adverse CV events with elevated circulating levels

of inflammatory markers (hs-CRP and IL-6) in the general population[120, 122, 123].

Excess visceral adiposity is shown to be morestrongly linked to increased CVDrisk than

the absolute amountofbody fat [206, 207, 212, 213, 321]. Given the increased prevalence

of obesity [106, 222] and excess CV morbidity and mortality in GHD adults,it is useful to

examine the possible link between mediators of inflammation, their relationship to

GH/IGF-1 axis in the setting of GH deficiency, and the influence of GHR on these

mediators.

Growth hormonereplacement in adults can reverse many of the individual adverse CV

risk factors associated with the AGHD syndrome[73, 107, 142, 173, 175, 187, 193, 201].

However, two important caveats are that earlier studies were conducted in patients who

had untreated GHD for many years and the dose of GH used for GHRoften resulted in

supra-physiological IGF-1 levels. Hence, improvements in body composition and of

traditional CV risk markers were often marked in these early studies. Also, data on the

effect of GHR oncirculating inflammatory CV risk markers in AGHDhave been varied

and inconsistent [60, 125, 126, 132, 140, 197, 203, 262, 322] andlittle is known about the

effects of GHR on these CV risk markersin adults with recently diagnosed GHD.

Aimsof the study:

In a cohort of adults with recently diagnosed severe GHD due to hypothalamic pituitary

disease, the effect of short term (6 months) GHR on the following parameters were

studied:

1. Glucose — insulin homeostasis, circulating levels of inflammatory markers (hs-

CRP,IL-6 and TNF- a), fasting lipid profile and body composition.

2. The influence of body composition on the biochemical responses to GHR wasalso

examined.
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ABSTRACT

Background:

Adult GHD syndromeis associated with clustering of adverse CV risk factors such as

abnormal body composition, dyslipidemia, insulin resistance and abnormal haemostatic

factors. There is a wealth of evidence linking CV events with elevated levels of

inflammatory markers (hs-CRP and IL-6)in the general population; however data on their

abnormalities in GHD andspecially the effects of GHR on these inflammatory markers

are limited.

Objective:

To. study the effects of GHR on inflammatory markers, glucose homeostasis and body

composition in a cohort of adults with recently diagnosed severe GHD due to

hypothalamicpituitary disease.

Design

Fifteen hypopituitary adults (11 males, mean age 48.5 years) with recently diagnosed,

severe GHD were recruited. Patients received GHR (in addition to other pituitary

hormone replacements) titrated to clinical response and to normalize age and gender

adjusted IGF-1 levels. Weight, waist hip ratio (WHR), body composition, fasting plasma

glucose andinsulin, insulin resistance index (HOMA-IR), fasting serum lipid levels, hs-

CRP,IL-6 and TNF- a were measuredat baseline and following a minimum 6 months of

stable maintenance GHR.

Results:

GHRresulted in a physiological increase in IGF-1 SDS [median - 0.6 to + 0.39, P <

0.0001], improved quality of life (mean pre treatment AGHDAscore 16 vs. post treatment

score 7, P <0.0001) and reduction in WHR (0.94 vs. 0.92, P = 0.01). There were no

significant changes in body weight and composition. Levels of hs-CRP (log transformed,

mean (S.D)) were significantly reduced following GHR(pre 1.21 (0.9) vs. post 0.27 (0.9),

P <0.0001) but TNF- a and IL-6 levels remained unchanged. Fasting glucose (mmol/L)

[4.6 (0.1) vs. 5.1(0.1), P = 0.003], fasting insulin (wU/mL) [9.4 (8.1) vs. 12.1(9.2),

P=0.03] and HOMA-IR [1.2 (1.0) vs. 1.5(1.1) P = 0.02] (all pre GHR vs. post GHR and

mean (SD)) significantly increased following GHRindicating increasedinsulin resistance.

Significant improvements were noted in fasting LDL-cholesterol (LDL-C) and HDL-
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cholesterol (HDL-C) levels following GHR [3.4 (0.9) vs. 2.9 (0.7), P= 0.03 and 1.2 (0.2)

vs. 1.3(0.2), P = 0.02, respectively] (all pre GHR vs. post GHR and mean (SD)). Levels of

total cholesterol and triglycerides did not change following GHR.

Conclusions: Physiological GHR for at least 6 months in hypopituitary adults with

recently diagnosed severe GHDresulted in favourable changes in hs-CRP, WHR,fasting

LDL-C and HDL-C levels all of which are recognised CV risk markers. However, there

remainsa high prevalence ofobesity in this population and given the worseningofinsulin

sensitivity in the short term with GHR, monitoring and aggressive treatment of

established CV risk factors is essential to reduce premature atherosclerotic CVD in this

patient population.
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Patients & Methods

The recruitment of patients with severe GHD due to hypothalamic pituitary disease and

the protocol used for this study has been previously reported [323]. Of the 19 patients

originally included in the study, no biochemical data were available for two patients due

to poor venous access. One subject did not have cytokines measured due to technical

problemsand one subject was excluded due to active Langerhanscell Histiocytosis (LCH)

which made comparisons of inflammatory markers difficult. Hence, the final analysis is

presented here for 15 patients (11 males, mean age 48.5 years) all of whom had no overt

evidence of infection/inflammatory process at the time of the study. The estimated

duration of GHD for these 15 patients was a median 20 months( range 6 to 216 months).

Biochemical assays

This is fully described in Chapter 2.

Anthropometric measurements

This is fully described in Chapter 2.

Statistical analysis

Data were checked for normality using the Shapiro-Wilk test. Comparison between

groups was analysed using student’s ¢ test or Wilcoxon signed rank test as appropriate.

Values for inflammatory markers (hs-CRP, IL-6 and TNF a) were non-normally

distributed and log transformed (Ln) before analysis. A step-wise regression model was

used to determine the correlation between the reduction in hs-CRP levels and other

indices of body composition. Data are presented as mean (+ 1 standard deviation) unless

specified. All data were analysed using SPSS (version 16). Two sided P valuesless than

0.05 were considered significant.
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Results

The baseline characteristics of the study patients are shown in Table 5.1. All study

patients had severe GHD as demonstrated by a mean peak GHresponse of 1.07 ng/L and

received stable maintenance GHR for a mean duration of 8.8 months ( range 7 -11

months). The mean daily dose of rhGH was 0.29mg/day which wastitrated to clinical

response and to maintain serum IGF-1 levels in the upper half of the reference range

adjusted for age and gender. Three patients in this study were current cigarette smokers.

Patients were obese (mean BMI 32.4) with central adiposity (mean WC of 107.8 cm)at

baseline (Table 5.2).

Effects on GH-IGF-1, quality of life and body composition

Patients demonstrated significant improvementsin their quality of life scores with GHR

(mean pre treatment AGHDAscore 16 vs. post treatment score 7, P < 0.0001). GHR

achieved a significant biochemical response with doubling of mean serum IGF-1 levels

and improvementin the IGF-1 standard deviation scores (SDS). WHR wassignificantly

lower following GHR. However, there were no significant changes in body weight, BMI,

WC, body fat percentage (BF %), fat mass (FM) and fat free mass (FFM) with GHR.

(Table 5.2)

Inflammatory markers

The effects of stable maintenance GHR on inflammatory markers are shown in Figure

5.1. Circulating levels of hs-CRP wassignificantly lower following GHR [Ln values pre

vs. post; mean (SD)] (1.21(0.9) vs. 0.27 (0.9), P < 0.0001) while the 37% reduction in

circulating levels of IL-6 did not reach significance (0.71 (0.9) vs. 0.34 (0.5), P = 0.06).

There was no change in levels of TNF- a following GHR (0.91 (0.5) vs. 1.3(0.9), P =

0.1).

Glucose homeostasis

Fasting glucose andinsulin levels rose following GHR.Insulin resistance index (HOMA-

IR) also worsened following GHR as shown in Table 5.3. However, no patients

developed diabetes mellitus at the end of the observation period.
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Lipid parameters

Significant improvements were noted in fasting LDL-C and HDL-C levels following

GHR (Table 5.3). Levels of total cholesterol and triglycerides however showed no

differences. None of the study patients were on lipid modifying treatment during the

period of observation.

Correlations

Levels of hs-CRP weresignificantly correlated to indices of adiposity both at baseline and

following GHRandnotto body weight, BMIor IGF-1 levels as shown in Table 5.4.

Using a linear regression model where change in hs-CRP (A CRP) was a dependant

variable, the significant predictors for reduction in hs-CRP following GHR were: change

in WC ( WC, P = 0.02 CI 0.03 to 0.3), change in FFM A FFM, P= 0.01, CI -1.5 to -

0.5) and change in IL-6 levels, P=0.001[Figure 5.2]. A CRP was not shownto correlate

with changes in weight, BMI, body fat %, physical activity or IGF-1 levels (data not

shown).
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Discussion

This study in a cohort of adults with recently diagnosed severe GHD (estimated median

duration 20 months) has shown that physiological GHR resulted in significant

improvements in QOL, IGF-1 SDS, WHR and HDL-C as well as markedfall in hs-CRP

levels and a reduction in LDL-cholesterol. Improvements in these CV risk markers (hs-

CRP, LDL-C, HDL-C and WHR)occurred even in the absence of significant changes in

body composition.

Hypopituitary adults with GHD have been shownto have higher baseline CRP and IL-6

levels when compared to healthy matched controls in some [119, 125, 133] but not in

other [132] studies. In a multivariate model, Sesmilo et al., reported that the higher levels

of inflammatory markers ( hs-CRP and IL-6) in their study of hypopituitary adults (all

women) were correlated to BMI, estrogen use and the diagnosis of hypopituitarism itself

[133]. When hypopituitary adults with GHD were compared to BMI-matched controls,

significantly higher CRP levels ( median 3.5mg/L vs. 1.22 mg/L, P <0.001) was reported

in one study [125] while only a trend towards higher CRP levels ( P =0.051) was shown

in the other[119]. Levels of IL-6 were higher in hypopituitary patients compared to BMI-

matched and non-obese controlsin the latter study[119].

Studies in the literature on the effect of GHR in AGHDon concentration of hs-CRP have

shownvariable results. In six studies, significant reductions in hs-CRP levels were noted

following GH administration [126-131]. These studies are, however, not comparable as

the dose of GH used and the duration of GHR varied considerably. In contrast, no

significant differences in levels of hs-CRP were noted after GHR in twoother follow up

studies [125, 132] both ofwhich were of 12 month treatment duration.

In the current study, physiological GHR resulted in a marked fall in hs-CRP levels

(Figure 5.1, P <0.0001). This represents a near 94% reduction in levels post treatment

compared to baseline values. A fall in CRP levels by 3mg/L was reported by Colao et

al[{130] with 6 months GHR whichis of similar duration with the current study. However,

the former study is significantly different from ours for the following reasons: in their

series, the mean BMIoftreated patients was 24 +1.6, subjects with BMI were

excluded, the estimated duration of GHD waslonger (7.9 + 2.9 years) and the dose of GH

used was higher (8-10ug/kg/d). In comparison, our study had a more obese population

(mean BMI32), duration of GHD wasshorter (median 20 months) and we used a smaller
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but physiological GH dosing (0.29 mg/day). In all the other studies, keeping in mind the

variation in GH dosing and GHR duration, the absolute fall in hs-CRP levels reported

with GHR is comparatively lower (ranging from -1.6 mg/L to -1.9 mg/L) [126-129].

Given the knowledge of greater CV mortality in hypopituitary womenandthe relative GH

resistance in women [141, 153], a study undertaken exclusively in hypopituitary women

demonstrated a 38% reduction in hs-CRP levels following 6 months GHR ( meandaily

GH dose 0.67 mg) indicating similar beneficial effects on this inflammatory marker

irrespective of gender [131]. The magnitude of hs-CRP reduction,in the current study and

all the other studies discussed above, is substantial in terms of cardiovascular risk

reduction when one considers that a reduction in hs-CRP ofonly -1.37 mg/L in the CARE

study [121] was associated with a 24% reduction in deaths from coronary heart disease

with the use of pravastatin.

Anotherinteresting observation in this study wasthat the reduction ofcirculating levels of

hs-CRP occurred even in the absence of any significant changes in body composition.

Levels of this inflammatory marker were correlated to indices of adiposity such as WC,

FM and body fat % rather than IGF-1 levels and BMI(table 5.4). Further, the change in

circulating levels of hs-CRP (A CRP) following GHR was shownto bear a relationship

with AWC and AFFM(albeit minor: -1.6 cm and + 0.51kg respectively) and not to IGF-1

levels in the linear regression model. These beneficial effects might therefore point to a

down-stream effect of GH on the secretion of various immunomodulators occurring even

before appreciable changes in body composition have manifested[124].

Circulating levels of IL-6 fell following GHRalthough this did not reach significance (P

=0.06). The lack of change in IL-6 levels reported in our study, has also been shown in

previous studies [124, 125, 132]. Howevera significant fall in IL-6 concentrations has

been shown with longer term GHR(6-18 months)[127].

Most reports in the literature on the influence of GHR on TNF-a have been in the

paediatric population. When GHD adults and adolescents are considered as a group,

significantly higher baseline TNF-a level have been reported compared to matched

controls and GHRresulted in significant reduction in the level of this inflammatory

cytokine. The reduction in TNF-a is believed to be a direct effect of GH (possibly on

monocyte/macrophage themselves) and independent of changes in adiposity or the

GH/IGF-1 pathway [124, 135]. In the current study however, we found an unexpected
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non-significantrise in the concentration of TNF-a. following GHRthe nature of which we

are unable to explain.

Insulin sensitivity as measured by HOMA-IR index, in the current study, worsened

following 6 months GHR as comparedto baseline. This was accompaniedbya rise in

mean fasting glucose andinsulin levels in the absence of any appreciable change in body

composition. The transient worsening of insulin sensitivity in the short term with GHR

has been previously described [115, 191] but longer term observational studies have

concluded that the sustained beneficial effects of GHR on body composition in AGHD

helps to maintain or even improve insulin sensitivity [158, 200]. Given that our study

patients were obese at baseline (BMI = 32.4), the worsening of insulin sensitivity in

relation to future CV risk is worrying; but as the period of observation with GHR is of

less than 12 months duration , it is possible that these indices might improve with

continued GHR.

Hypopituitary adults with GHD have been shown to have a dyslipidemic profile with

elevated total- and LDL- cholesterol and somebut notall studies, additionally reporting

reduced HDL- cholesterol and raised triglycerides (Tg) [73, 110]. Further, not only does

the severity and duration of GHD influencethe adverselipid profile, but also most of the

excess CV risk in hypopituitary adults is determined by the dyslipidemia associated with

untreated GHD [73, 112]. Data on the effects of GHR on lipid parameters in AGHD have

shown a decrease in LDL-cholesterol and total cholesterol with inconsistent increase in

HDL-cholesterol and no changes in Tg levels [73]. In keeping with these observations,

our study also showed favourable improvements in LDL —C and HDL-C levels with 6

months of GHR.

In conclusion, our study has shown that short term, physiological GHR resulted in

significant improvements in QOL, WHR, IGF-1 SDS andfasting lipid (LDL-C & HDL-

C) levels. We also showed a marked reduction in hs-CRP levels which wascorrelated to

indices of adiposity (WC, FM and BF %)than IGF-1 levels suggesting a direct effect of

GH on mediators of inflammation. It is also however, worth bearing in mind that while

there is a strong statistical epidemiological association between CRP levels and

atherosclerotic CVD,the actual causal role of CRP in the developmentof CV diseasestill

remains to be established as shown by recent studies [324, 325]. A large Danish study
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examined the association between increased CRP levels due to genetic polymorphisms of

the CRP gene and increased CV risk and found that the observed rates of ischemic CV

events were far lower than that predicted by levels of hs-CRP in the study

population[325]. Similarly, in a large meta-analysis by the Emerging Risk Factors

Collaboration (ERFC)[324], while the concentration of CRP showed a log-linear

association with risk of cardiovascular disease, the strength of this association was

significantly weakened when adjusted for conventional risk factors. The likely biological

explanation for these findings being that as CRP is an acute phasereactant, levels of this

inflammatory marker can be influenced by multiple confounding factors such as obesity,

smoking and poor physical activity[326]. The recently published primary prevention

JUPITER study [327], on the other hand, reported a 51% reduction in rates of ischemic

strokes with a statin in apparently healthy individuals with low LDL-C with the only high

risk factor in participants of the study having an elevated hs-CRP (> 2 mg/L) at baseline.

Taken together these data indicate that the causal role of CRP in the etio-pathogenesis of

cardiovascular diseaseisstill a matter of debate.

In spite of these uncertainties about the role of hs-CRP,it is likely that the favourable

effects of GHR on four well known CV risk markers (hs-CRP, LDL-C, HDL-C and

WHR), accompanied by a considerable increase in voluntary physical activity brought

about with GHR,as previously reported by us [323], will help to improve the cardio-

metabolic risk profile of hypopituitary adults. However, given that obesity is highly

prevalent in this population [106, 222] and the worsening of insulin sensitivity seen in the

short term with GHR, close monitoring of glucose homeostasis and appropriate

managementof other CV risk factors (such as smoking cessation, weight management,

control of blood pressure and lipids) is essential to reduce premature mortality from

cardiovascular disease in this patient population.
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TABLES

Table 5.1. Baseline characteristics of study patients.

Characteristic

Total numberofpatients

Age (years)

Mean (range)

HypothalamicPituitary pathology

NFPA*
Emptysella

Idiopathic hypopituitarism
Supra sellar cyst (unknownaetiology)

Others J

Pituitary hormone replacementtherapy

Corticosteroid

Thyroxine

Sex Steroids

Somatotroph
Peak GH level #

Serum IGF-1

Estimated duration of GHD

Median (range)

GHreplacementdose

Mean (range)

Data expressed as mean(standard deviation)

* Non functioning pituitary adenoma

§] Germinoma(1), macroprolactinoma(1)

# glucagon stimulation test

Number

15 (11 males)

48.5
(26-60)

N
N
N
N
A

1.07 (0.9) we/L
13 (4.6) nmol/L

20 months

(10 — 216 months)

0.29 mg
(0.2-0.4 mg)
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Table 5.2 Effects of GHR on IGF-1, QOL and Body Composition.

 

Quality of life (QOL) 16 (1.7) Al3) P<0.0001
(AGHDAscore)

IGF-1 SDS score* - 0.6 + 0.39 P <0.0001

(-0.85 to -0.43) (0.19 to 0.5)

32.4 (7.4) 32,501.0) 0.8

   

   
(kg/m’)

 

Waist Hip Ratio 0.94 (0.04) 0.92 (0.04) 0.01

(WHR)

  
Fat mass 33.3 (16.9) 33.2 (15.4) 0.8

(kg)

  
Data expressed as mean (standard deviation); n = 15.

*SDS — standard deviation score, median (interquartile range)
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Table 5.3 Effects of GHR on glucose, insulin, HOMA-IR andlipidlevels.

Glucose

(mmol/L)

Insulin

(uU/mL)

HOMA-IR

Total

Cholesterol

(mmol/L)

LDL-C
(mmol/L)

HDL-C

(mmol/L)

Triglycerides

(mmol/L)

Data expressed as mean (standard deviation); 7 = 15.

Baseline

(Pre GHR)

4.6 (0.1)

9.4 (8.1)

1.2 (1.0)

5.5 (0.9)

3.4 (0.9)

1.2 (0.2)

1.7 (0.9)

Post GHR

5.1 (0.1)

12.1 (9.2)

1.5 (1.1)

5.1 (0.8)

2.9 (0.7)

1.3 (0.2)

1.7(0.9)

All parameters measured in fasting state.

P-value

0.003

0.03

0.02

0.06

0.03

0.02

0.3

Table 5.4 Correlations of hs-CRP levels (pre and post GHR)to body composition

WC pre

FM pre

BF % pre

BMI pre

IGF-1 pre

Weight pre

hs-CRP pre

0.58*

0.63**

0.69¢2

0.3

-0.2

0.4

*P< 0.05, **P<0.01 n= 15.

post

post

post

post

post

post

hs -CRP post

0.52%

0.60*

0.66**

0.4

-0.01
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Figure 5.1 Changesin the mean log(n) values for inflammatory markers with GHR are shown.

Ln hs-CRPwas significantly lower (a, P < 0.0001) while Ln IL-6 (e, P= 0.06) and Ln TNF- a

(4, P= 0.1) were unchanged comparedto baseline.
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Figure 5.2 Change in hs- CRP (ACRP)levels following GHR was significantly correlated to

AWC (P = 0.02), AFFM (4 P = 0.01) and A IL-6 (+P = 0.001).
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CHAPTER6

DYNAMIC (PRANDIAL) RESPONSES OF ACYLATED GHRELIN

AND INSULIN - GLUCOSE HOMEOSTASIS FOLLOWING

GROWTH HORMONE REPLACEMENT IN ADULTS WITH

SEVERE GHD : RELATIONSHIP TO CHANGES IN EATING

BEHAVIOUR & ENERGY HOMEOSTASIS.
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Summary of Justification and Aims

Obesity is highly prevalent in adults with hypothalamic pituitary disease [106, 222, 223].

This could be the consequence of chronic, untreated GHD and/ or residual structural

hypothalamic damage from the primary lesion itself or its treatment (surgery +

radiotherapy). A recent study from our unit concluded that requirement for desmopressin

replacementand treated or untreated GHD were associated with weight gain and obesity

in patients with hypothalamic pituitary disease as these features were indicative of greater

damageto the neuro-anatomiccircuits in the hypothalamicpituitary region [222].

Simplistically, overweight and obesity could be considered the consequence of an

imbalance between energy intake [EI] (calorie consumption) on one hand and energy

expenditure [EE] (calories expended) on the other. In recent years, a number of gut

hormonesand peptides have been shownto play a majorrole in the control of food intake.

These act both in an endocrine fashion and via neural pathwaysto influence the central

(hypothalamic) circuits which control energy homeostasis [234]. Ghrelin, which is of

gastric origin, is the only peptide which stimulates hunger and increases appetite in

contrast to all other known gut peptides which have an anorectic effect [234, 279].

Acylation of the ghrelin moiety is required for its GH secreting and orexigeniceffect.

Levels of ghrelin rise pre-prandially and normally fall with food intake [279]. Ghrelin is

also the strongest known GH secretogogue[251, 253]. Attempts to explore a feed back

loop between ghrelin and GH haveso far been inconclusive. Alterationsin ghrelin levels

before and after GHR in hypopituitary adults have been shownto correlate with changes

in body fat mass and not to corresponding increments in IGF-1 levels [261-264]. To date,

there are no studies which have examined whether the excess adiposity in AGHD could

be the consequenceofalterations in energy intake in humansandif so, whetherthese are

favourably influenced by GHR.

In order to explore the mechanisms of weight gain and obesity in adults with GHD, we

undertook a study with the following aims:

1. To examine whether the effects of GHR on food intake and appetite could correlate to

alterations in acylated ghrelin (AG)levels.

2. To investigate the dynamic response of AG andinsulin-glucose homeostasis to fixed

calorie loading before and following GHR. The purpose of this was to examine if the

AGHDsyndromeis associated with a failure of postprandial suppression of AG thereby

leading to increased EI.
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3. To correlate the dynamic changes in AG with measuresof self reported appetite scores

following fixed calorie loading.
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ABSTRACT

Objective: Obesity is highly prevalent in adults with hypothalamic pituitary disease.It is

not known whether the excess adiposity in AGHDcould be the consequenceofalterations

in energy homeostasis andif these are favourably influenced by GHR.The orexigenic gut

peptide, ghrelin is also involved in energy homeostasis and influences body composition.

The aim of the study wasto investigate the effects of GHR on energy balance, acylated

ghrelin levels and body composition in hypopituitary adults with severe GHD.

Design: An open label follow — up study of 14 adults with severe GHD due to

hypothalamicpituitary disease.

Methods: All patients received recombinant human GH for a mean of 8.9 months. The

following were measured before and following GHR: body composition, REE (indirect

calorimetry), voluntary physical activity (accelerometry), prandial responses of acylated

ghrelin, insulin and glucose and dynamic appetite ratings (following fixed calorie

breakfast). Food intake and eating behaviour were also measured following GHR.

Results; GHR nearly doubled voluntary physical activity (mean Units of activity pre vs

post 1848 vs 3748, P = 0.004) and improved QOL (mean AGHDAscore 14.7 vs. 7.6, P =

0.008). Subjects reported higher appetite ratings following GHR (meanfasting hunger

VAS 68.5mm vs. 48.5mm, P = 0.005) but fasting AG levels were lower (mean Ln AG 3.3

vs. 3.7 P = 0.03). Dynamic responses of ghrelin, insulin and glucose were unchanged

following GHR. Ad libitum EI was higher following GHR with predominant

carbohydrate (CHO) intake (mean 873 Cal vs. 779 Cal, P = 0.04 and 113gm vs. 94 gm

CHO, P = 0.01 respectively). Eating behavioural traits were favourably altered following

GHR with lower susceptibility to hunger ratings (4.1 vs. 5.3, P = 0.03). Obesity (mean

BMI31 kg/m?) and central adiposity (mean WC 104.4 cm) were common but GHRdid

notresult in significant changes in body weight, BMI, WC, body composition or REE.

Conclusions: GHRin adults with severe GHD significantly improves voluntary physical

activity and QOL. Following GHR, subjects report higher appetite ratings for hunger but

eating behavioural traits are additionally favourably altered which may help in body

weight maintenance. Lower fasting AG levels were also noted which may be due to
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changes in habitual food choice and / or physical activity or perhaps even altered

‘sensitivity’ to this peptide following GHR.

Patients and Methods

The recruitment of patients with severe GHD due to hypothalamic pituitary disease and

the protocol used for this study has been previously reported (Chapter 2). Of the 19

patients originally recruited, only 14 patients (11 males) completedthis part of the study.

Test meals and assessmentof appetite

The protocol used for fixed calorie loading (breakfast) and measurement of appetite

scoresis fully described in Chapter 2.

Biochemical assays

Plasmaglucose, insulin and AG were measuredat baseline (fasting) and subsequently at 5

further time points: immediate post — breakfast (=15min), 30 minutes, 60 minutes, 120

minutes and 180 minutes after breakfast. The protocol used for the measurement of these

biochemical parametersis fully described in chapter 2 (Methods).

Anthropometric measurements

The protocol used for the measurementofthese is fully described in chapter 2 (Methods).

Statistical analysis

Data were checked for normality using the Shapiro-Wilk test. Comparison between

groups was analysed using Students ¢ test or Wilcoxon signed rank test as appropriate.

Values for AG, insulin and glucose were non-normally distributed and log transformed

(Ln) before analysis. The trapezoidal method was used to calculate area under the curve

(AUC) for AG, insulin and glucose levels following fixed calorie breakfast. Data are

presented as mean (+ 1 standard deviation) unless specified. Statistical calculations were

made by analysis of variance (ANOVA) for repeated measures. All data were analysed

using SPSS (version 16). Two sided P values less than 0.05 were consideredsignificant.
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Results

The baseline characteristics of the study patients are shown in Table 6.1. All study

patients had severe GHD as demonstrated by a mean peak GHresponse of 0.93u¢/L and

received stable maintenance GHR for a mean duration of 8.9 months ( range 7 -11

months). The mean daily dose of rhGH was 0.29mg/day which wastitrated to clinical

response and to maintain serum IGF-1 levels in the upper half of the reference range

adjusted for age and gender. Patients were obese (mean BMI 31) with central adiposity

(mean WCof 104.4 cm)at baseline (Table6.2).

Effects on GH-IGF-1, quality of life and body composition

Patients demonstrated significant improvements in their quality of life scores with GHR.

GHRachieved a significant rise in mean serum IGF-1 levels and improvementin the IGF-

1 standard deviation scores (SDS). There were however, no significant changes in body

weight, BMI, WC, WHR, BF %, FM and FFM with GHR. (Table 6.2)

Effects of GHR on AG,insulinandglucoselevels

Fasting

Fasting AG levels were significantly lower following GHR ( Ln AGprevspost, 3.7 vs

3.3, P= 0.03). Fasting glucose levels showed a small significant rise ( Ln Glucose pre vs

post, 1.5 vs 1.6, P= 0.01) which was not accompanied by any significant changes in

fasting insulin levels (Ln Insulin pre vs post 1.8 vs 2.0, P = 0.2).

Responsestofixed calorie breakfast

Following fixed calorie breakfast, AG data was available for all 14 patients for only the

post breakfast (= 15 minute) sample. Subsequent AG levels were available for the 30, 60,

120 and 180 min for only 13 patients due to problems with venepuncture in onepatient.

Using paired student ¢ test for Ln AG values at each of the individual time points,

significantly lower ghrelin levels were found at 15 min ( P = 0.03) and at 180 min (P =

0.01) following GHR [Figure 3].

Dynamicresponsesof insulin and glucose followed a similar pattern after consumption of

breakfast before and following GHR(Figure1).

AUC for Ln AG,insulin and glucose following breakfast did not reveal any significant

differences following GHR(Figure2).
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Multiple comparisons by ANOVArevealed no differences in ghrelin levels with time and

intervention. Similarly, there was no effect of GHR on the dynamic responsesin insulin

and glucose levels following breakfast.

Appetite scores and TFEQscores

Appetite scores (VAS Hungerand Desire to eat) before andafter breakfast for up to 3 hours

are shown in Figure 4. Significantly higher scores were recorded for the item “How

Hungry do you feel” and “Desire to eat” in the fasting state, after GHR. However,

“Fullness” score in the fasting state was not significantly different between the two groups

(24.7 mm post vs. 21.3 pre GHR, P = 0.5). Furthermore, none of the other items on the

VASscale were significantly different between patient groups in the fasting state (data not

shown).

Repeated measures ANOVA showed noeffect of GHR on appetite scores (VAS Hunger

and desire to eat scores) although there was a significant effect of time on these scores

following fixed calorie breakfast.

Significant changes were seen in the ‘hunger susceptibility’ domain of the TFEQ

following GHR( pre vs post 5.9 vs 4.1, P = 0.03) while disinhibition scores just reached

significance ( 7 vs 5.7, P = 0.05). No difference were noted for the Restraint domain (7.6

vs 9.1, P=0.1).

Energy intake, REE & Voluntary physical activity

Following GHR,patients consumed morecalories at free choice buffet lunch (mean 94 Cal

greater, P = 0.04) with higher carbohydrate (CHO) content ( CHO meanpostvs pre 113.5

gm vs 98.4 gm, P= 0.01). There was, however no significant differences in protein and fat

consumption between patients when studied before and after GHR (Table 4.3). REE (

Keal/day) was unchanged following GHR (post vs pre, 1562.9 vs. 1548.2, P = 0.7)

Subjects (n = 8) were more active following GHR as shownbyaccelerometry data (Units of

activity post vs. pre 3748 + 2250 vs. 1848 + 1410, P= 0.004).

Correlations

Fasting Ln AG levels were not correlated to IGF-1 levels before and following GHR.

There was howeveran inverse correlation between fasting Ln AG levels before GHR to

BF (r= -0.6, P = 0.01) and FM (r = -0.6, P = 0.02) which wasnot present following

GHR.
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Levels of leptin correlated with body fat ( pre and post GHR), but there were no

significant differences in leptin levels following GHR ( data not shown).

Discussion

The main findings in this study were that following 6 months of maintenance

physiological GHR in patients with severe GHD due to hypothalamic pituitary disease,

we founda significant reduction in levels ofAG and increased subjective appetite scores(

VAS Hunger & Desire to eat) in the fasting state, increased total calorie ( mainly CHO)

consumption during free choice buffet lunch and greater voluntary physical activity. GHR

also resulted in significant improvement in QOL, IGF-SDS and reduction in hunger

susceptibility as measured by the TFEQ.

Endogenous ghrelin levels are known to be influenced by glucose, insulin and body

composition (especially body fat). Elevation in glucose and insulin concentrations ( e.g

post prandially) have an inhibitory effect on ghrelin levels [328]. In this study, no

significant differences were seen in fasting insulin levels although fasting glucose was

marginally higher following GHR. Following fixed calorie loading (= breakfast), AUC

acylated ghrelin, AUC insulin and AUC glucose were all unchanged following GHR.

Hence, the lower ghrelin levels in this study cannot be explained by any differences in

glucose-insulin homeostasis.

It is known that plasma ghrelin levels are inversely related to adiposity because levels are

lower in obese than lean individuals. Weight loss ( through diet or exercise) results in a

rise in ghrelin levels [279]. Since ghrelin is a potent GH secretagogue, previousstudies in

GHDadults havetried to investigate for the presence of a negative feedback loop between

this peptide and GH/IGF-1 levels. Results from these studies have actually shown variable

effects of GHR on ghrelin levels with some reporting unchanged, reduced or increased

levels [262-264]. It is thought that someofthese differences in previous studies are dueto

the effect of GHR on body composition ( especially reduction in visceral fat) which

overrides any direct effect of GH/IGF-1 on ghrelin levels [264]. In this study, no

significant differences were seen in measures of adiposity such as BF%, WC and FM

following GHR. Therefore, the difference in fasting AG levels following GHR was

142



unlikely to anyalterations in body composition, specifically fat mass. Also, there were no

correlations between fasting AG and IGF-1 levels both before and following GHR.

Aninteresting observation in this study was that subjects reported higher fasting appetite

scores ( for VAS Hungerand Desire to eat) following GHR. The fact that this occurred

inspite of lower fasting AG levels at the same time point is surprising as ghrelin is a

potent orexiogenic hormone which stimulates appetite and levels of ghrelin correlate to

hungerscores [268].

In order to explain the lower fasting AG levels, one needs to consider two other factors

that suppress ghrelin levels, namely food intake and exercise. Not only do ghrelin levels

fall post-prandially, but nutrient factors such as carbohydrate rich meals and calorie dense

meals are both knownto suppress ghrelin levels [261, 277]. In this study, during the free

choice buffet lunch which was provided three hours following breakfast, subjects

consumed morecalories ( 94 Cal greater, P = 0.04) following GHR.A preferential choice

for foods rich in CHO wasalso noted as the macronutrient composition of the consumed

food had a greater carbohydrate content (113 gm vs 94 gm, P = 0.01). It is plausible that

following GHR,subjects driven by greater hunger scores might habitually tend to choose

food items of higher carbohydrate content (or more calorie dense) which could offer one

explanation for the lower fasting AG levels seen in this study. However, it must be

rememberedthat subjects attended both the study days after an overnight 10 hour fast and

it cannot be assumedthat the effects of the previous days’ food intake might have affected

AGlevels on the dayofthe study.It is possible to get an idea of habitual food choices by

use of food diaries which is an area for further research in this field. Even if subjects were

indeed eating more, this did not have an overall impact on their body weight during the

observation period asit is likely that the enhanced EI would have been compensated for

by higherlevels of volitional physical activity which was objectively demonstrated in this

study by the greater activity counts following GHR. The improvement in volitional

physical activity may well have been driven by a greatly increased QOLas a result of

GHR.

Self reported eating behaviour (assessed by TFEQ) showedthat hunger susceptibility was

significantly lower following GHRin the 14 patients in this study. Differences in ratings

for disinhibition just reached significance while no change in ratings for restraint were

noted. The significant reduction in hunger susceptibility scores indicates that the patients
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perceive their habitual hunger post-GHRto be lower on a long-term basis whichis useful

not only in achieving but also maintenance ofbody weightloss.

Regular physical exercise is nowadays recommended for a number of health benefits

including reduction of body fat and maintenance of body weight. Since exercise

influences GH levels, energy balance and body composition, and ghrelin modulates

energy homeostasis in a number of ways, several recent studies have attempted to

investigate the influence of aerobic exercise on hormonesandgut peptides that regulate

food intake [329-335]. The exercise protocols in these studies have included both acute

exercise such as sprint, treadmill running and bicycle ergometry[329, 331, 333-335] as

well as regular graded exercise for a 4 day [330] or 12 week regimen [332]. Some of these

studies have measuredtotal ghrelin and others have measuredthe acylated moiety.

Acute exercise has been shownto suppress acylated ghrelin ( and total ghrelin) which is

thoughtnot to be related to the exercise induced GHrise ( which occursat the same time)

or variations in insulin levels but possibly secondary to physiological reduction in

splanchnic blood flow [331, 333, 334] During exercise, perceptions of hunger and

appetite scores are lowered but whether this is due to the reduced circulating ghrelin

levels is still not clear . Medium term exercise (12 week duration), in one study [332], has

been shown to significantly increase fasting acylated ghrelin levels and fasting hunger

scores. In that study, participants also lost 3.5kg of body weight but this was not shownto

correlate to baseline appetite sensations or hormonelevels.

In the light of the effects of exercise on ghrelin levels as previously discussed, one can

postulate that the lower fasting acylated ghrelin levels in the current study might be

related to the higher levels of volitional physical activity following GHR. Although we

objectively measured the increase in activity, it is not however possible to determine the

exact intensity and type of activity habitually performed by subjects in this study.

Participants in this study also refrained from vigorous exercise for 24 hours ( apart from

that dueto usual daily activities) before each study day. Hence,it is unlikely that any prior

exercise would have influenced ghrelin levels. Considering the previously reported

exercise studies, it should be noted that they were done in controlled conditions on

healthy adults and were fairly intense (e.g five times a week at 75% of maximal heart

rate) and hence direct comparisonsto our study patients who were severely GHD and who

had had neurosurgery (and radiotherapy) is not possible.
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Another aspect of energy homeostasis to consider is the influence of hormones which

induce satiety. One study has reported the effect of a 12 week supervised exercise

program on the post-prandial response of two anorexigenic peptides (GLP-1 and PYY).

They found that while fasting GLP-1 and PYY levels were unchanged following exercise

intervention [332], levels of GLP-1 and PYY were higher following consumption of a 600

Cal breakfast in the last 90 minutes ( 90 — 180 minutes) and 60 minutes respectively after

the exercise program compared with baseline. Total GLP-1 AUC and total PYY AUC

(fasting to 180min) did not change with exercise. This suggests that exercise possibly

improvesthe satiety response to a meal.

In relation to GHD adults, only one study has reported the effects of GHR on GLP-1

levels in hypopituitary adults. Fasting GLP-1 levels were suppressed by 33% after 4

months of GHR (2 IU/m’) in 24 GH-deficient adults [336]. In the current study, we did

not measurethe effects of GHR on circulating levels and dynamic responses of hormones

which promotesatiety (e.g GLP-1 and PYY 3-36).

In conclusion, this study has shown that physiological GHR in adults with severe GHD

results in increased appetite scores in the fasting state despite lower fasting acylated

ghrelin levels. The latter occurred in the absence of any alterations in body composition

and insulin — glucose homeostasis. It is difficult to pinpoint the exact reason (s) for this

finding and may involve the effect of changes in habitual physical activity and / or

changes in habitual food choices brought about by GHR.It is clear that appetite control

mechanisms and maintenance of energy balance is a complex process which involves

interplay between a number of endogenousfactors such as gut peptides, GH/IGF-1 and

insulin and also exogenous factors such as habitual food intake and exercise related

physical activity. The effects of the primary hypothalamic pituitary lesion (and its

treatment) as potentially capable of disrupting the neuro-anatomic circuitry modulating

feeding behaviour and energy homeostasis also needs to be considered. Further studies are

required to elucidate the effects of GHD and GHR on gut hormones & peptides which are

knownto affect energy balance through their influence on the appetite control systems.It

will also be useful to undertake studies to explore changes in the pattern of physical

exercise brought about by GHR.
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TABLES & FIGURES

Table 6.1 Baseline characteristics of study patients.

Characteristic Number

Total numberof patients 14 (11 males)

Age (years) 47.2
Mean(range) (29-60)

Hypothalamic Pituitary pathology

NEPA* ;
Idiopathic hypopituitarism 5

Others

Pituitary hormone replacement therapy

Corticosteroid 11
Thyroxine 8
Sex Steroids 10
DDAVP 2

Somatotroph axis
Peak GHlevel # 0.93 (0.9) pg/L
Serum IGF-1 13.3 (3.3) nmol/L

Estimated duration of GHD 22 months

Median(range) (10 — 216 months)

GH replacementdose 0.29 mg
Mean(range) (0.2-0.4 mg)

mean (standard deviation)

*Nonfunctioning pituitary adenoma

4] Germinoma (1), macroprolactinoma(1), craniopharyngioma(1),

empty sella(1), LCH (1)

146



Table 6.2 Effects of GHR on IGF-1, QOL and Body Composition.

Characteristic

Quality of life (QOL)

(AGHDAscore)

IGF-1level

(nmol/L)

IGF-1 SDS score*

Weight

(kg)

BMI
(kg/m*)

Waist circumference

(cm)

Waist Hip Ratio

(WHR)

Body Fat

(percentage)

Fat mass

(kg)

Fat Free Mass

(kg)

Baseline

(Pre GHR)

14.7 (7.2)

12.6 (2.3)

-0.7

(-0.7 to -0.5)

90.2 (22.3)

31 (6.3)

104.4 (13.9)

0.94

32.5 (8)

30.1 (14.7)

60.3 (11.3)

*median scores and interquartile ranges

mean(standard deviation), n = 14

Post GHR

7.6 (5.1)

28.9 (6.8)

0.2
(0 to 0.59)

90.1 (19.2)

30.9 (5.4)

104 (10.4)

0.93

32.3 (7.5)

29.8 (12.4)

60.6 (10.5)

P-value

P 0.0008

P<0.0001

P<0.0001

0.3

0.4

0.8

0.2

0.8

0.6

0.6

Table 6.3 Effects of GHR on total calorie and macronutrient intake

Total Calories TD 237.

(Keal)

Carbohydrates (g) 98.4+35

Fat (g) 29.9 + 11.8

Protein (g) 32.6+9.7

Baseline

(PreGHR) PostGHR P-value

873+ 302

113.5 +40

34.3+14

31.4+49.6

0.04

0.01

0.1

0.7
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Figure 1. Post prandial insulin (Ln) and glucose (Ln) values before and following GHR
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Figure 2. No difference in AUC Ghrelin, insulin and glucose following GHR

Pre vs post (P = 0.08, 0.1 and 0.3 respectively)
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Figure 3. Changes in acylated Ghrelin levels ( all Ln values) following GHR.

 

 

 

 

 

 

  

Pre GHR Post GHR P value

Timepoint n

0 14 3.7 3.3 0.03

Post BF ( = 15) 14 3.6 3.3 0.03

30 13 3.6 3.4 0.5

60 13 3.6 3.3 0.3

120 13 3.5 3.2 0.07

180 13 3.7 3.3 0.01     
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Figure 4. Fasting VASitems changes following GHR.
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CHAPTER 7

Final Discussions, Conclusions & Future Research
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Cardiovascular disease (CVD) is the primary cause of death globally (WHOfact sheet

#317-2009). This is partly fuelled by the global problems of overweight and obesity

which have reached epidemic proportions. Both obesity and CVD have been shownto be

associated with elevated markers of systemic inflammation andin the setting of obesity,it

is also well knownthat visceral adiposity is associated with a bigger adverserisk profile

due to a disproportionate greater secretion of pro-inflammatory mediators from visceral

ATdepots.

Epidemiological studies have shown adults with chronic, untreated GHD have excess

mortality from CVD primarily as a result of excess ischemic cardiac and cerebrovascular

events. The AGHD syndromeis associated with a clustering of adverse CV risk factors

including visceral adiposity and GHR has also been shownto reverse a numberofthese

individual CV risk factors.

The clinical research studies in this thesis focus primarily on CVD in hypopituitary adults

and have two main themes. Thefirst theme is a descriptive study of the prevalence of CV

risk factors and established CVD in all patients attending a tertiary neuro-endocrine

service in the year 2005. In a subgroup ofthese patients, an audit was carried out to look

at the adequacyof treatment of hypertension and dyslipidemia — two well-known CVrisk

factors. The second themeis an investigative study, which was undertaken to identify if

obesity in hypopituitary adults with severe GHD is related to alterations in energy

homeostasis (EI and EE) and whether GHRhadanyrole in influencing energybalance.I

was also particularly interested in studying if the orexigenic hormone, ghrelin had any

role in this process. In addition, the effects of GHR on peripheral inflammatory mediators

and body composition - both of which have a role in CVD,wasalso studied.

Prevalence of CVD and and treatment of CV risk factors

In 526 patients with hypothalamic pituitary disease in the database who were seen

between 2000 and 2005, the prevalence of CV risk factors was: hypertension (26%),

dyslipidemia (23.8%) and diabetes mellitus (9.1%) [Chapter 3]. Close to 10% of the

population studied had established CVD (ischemic cardiac, cerebrovascular or peripheral

vascular disease). Prevalence of CVD was highest (17.8%) in the group of patients with

NFPA whowere also comparatively older (mean age 65 years). Patients with functioning

pituitary tumors (acromegaly and Cushing’s disease) had proportionately greater

prevalence of hypertension (46% and 35%) and diabetes mellitus (20% and 21%)
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respectively than the group with NFPA (Table 3.1). All the above findings were also

mirrored in the subset of patients (n= 152) studied in 2005 (Table 3.4). These patients

were receiving multiple pituitary hormone replacements (Tables 3.2 & 3.3) and up to a

third were also receiving GHR.

In the sub-group of patients ( n=152) from the large cohort, I found both blood pressure

(BP) and lipid profiles targets were frequently not achieved at that time given the excess

CVrisk. In the group of patients already taking anti-hypertensive medications, the mean

BP was 148/86 mm Hg(target < 140 SBP and < 85 DBP) and 44% ofthese patients had

BP above target levels. Also, in the group who were not taking anti-hypertensive

medications, just over a quarter required drug treatment for managing their hypertension

(Table 3.5). Similarly, when management of dyslipidemia was considered, in patients

already taking lipid lowering therapy, a large proportion (69%) had not achievedtarget

lipid profiles and many who were untreated (76%), actually needed therapy for

dyslipidemia.

Achieving BP andlipid targets should be one of the primary goals of treatment in these

patients given the large evidence-base showing the benefits of effective BP control and

lowering oflipids in reducing future risk of CV events in high-risk populations. Also the

meansofachieving this is notdifficult given the availability of a wide choice ofeffective

anti-hypertensive agents and lipid lowering drugs. It is therefore imperative that when

patients with hypothalamicpituitary disease are reviewed,attentionis paid to their BP and

lipid levels in addition to their primary diagnosis and all other pituitary hormone

replacements.

Smoking is another risk factor that needs to be consistently targeted and nicotine

replacement and other treatment(e.g. varenicline) should be discussed.

The prevalence of type 2 DM in these patients was around 9%. In the 14 patients with

known diabetes in the smaller subgroup (n= 152), metabolic control was good (mean

HbAIC 6.7%). However, given the progressive nature of diabetes mellitus and the high

prevalence of obesity (discussed below), this is another condition which needs to be

actively monitored and appropriate treatment options considered during follow up of

these patients.

Further audits of prevalence and management of CVD risk factors in this population are

now clearly required as the studies in this thesis were carried out in 2005.
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Obesity

A striking observation in the sub-set of patients who were studied (n=152) was that 50%

of subjects were clinically obese (BMI> 30) [ Table 3.6]. Other indices such as WC and

WHRconfirmed central adiposity (mean WC 102.4 cm and mean WHR 0.92, n=86).

Weight management in these patients is clearly challenging. In addition to life style

measures such asdiet and exercise, the availability of pharmacological agents for weight

management is now unfortunately, rapidly shrinking given that licences for two agents

(sibutramine and rimonabant) have been revoked due to concerns around patient safety

and adverse effects. The only currently available agent in 2010 is the intestinal lipase

inhibitor (orlistat) which is poorly tolerated.

Implementing CV risk reduction strategies for patients with hypothalamic pituitary

disease is challenging for two reasons: firstly, a change in the mindset ofclinicians

managing these patients should occur with management of CV risk being regarded as

important to manage as the primary hypothalamic pituitary disease. Secondly there is the

resource implications of dietetic referral, life-style management and the monitoring and

treatment of hypertension, dyslipidemia and obesity.

Peripheral inflammatory and CV riskmarkers

Peripheral inflammatory mediators such as hs-CRP have a pathogenic role in CVD.

Studies in the literature which have looked at the effects of GHR on inflammatory

markers ( hs-CRP and IL-6) have shown variable results, which in part has been due to a

relatively high GH dosing regimen. A more physiological GH replacement dose was used

to study the effects of GHR on CV risk markers and inflammatory mediators in a group of

hypopituitary adults (1 =15, chapter 5), who additionally had recent onset severe GHD

(estimated median duration of 20 months). A significant finding in my study wasthe 94%

reduction in levels of hs-CRP which occurred in spite of no significant changes in body

composition. Reduction in CRP of this magnitude is substantial given that a

proportionately smaller change in CRP levels (of the order of -1.37 mg/L) achieved 24%

reduction in coronary heart disease as reported in the CARE study with the use of

pravastatin [121].

It is possible that GH has direct downstream effects on the secretion of inflammatory

cytokines that do not involve the GH-IGF-1 pathway. This is supported by twofindings in

this thesis: firstly, levels of hs-CRP were not correlated to IGF-1 (pre- and post- GHR)

but instead to indices of adiposity such as WC, FM and BF% (Table 5.4). Secondly, in the
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step-wise regression model, A CRP wasnotsignificantly correlated to A IGF-1 but instead

bore a significant relationship toA WC and A FFM Figure 5.2). This was despite

relatively insignificant changes in the latter two parameters (-1.6 cm and + 0.6 kg

respectively) when compared to a significantly larger change (+15 nmol/L) in the former

parameter (Table 5.2).

The 37% reduction in IL-6 levels following GHR failed to reach significance (P = 0.06).

However, A CRP wassignificantly correlated to A IL -6 (Figure 5.2) which is not

unexpected as IL-6 drives hepatic synthesis of CRP.

In the light of these findings on inflammatory markers with GHR,it will be interesting to

investigate if the changesin circulating levels of these inflammatory cytokines are a result

of altered secretion of these mediators (especially IL-6) from AT which is brought about

by direct paracrine effects of GH (or IGF-1). It is now increasingly evident that secretory

products derived from AT have a major role in influencing substrate metabolism and

vascular atherosclerosis. Hence, investigating the direct effects of GH on AT gene

expression (e.g. IL-6, AdpN ) and secretory function in fat biopsy specimens could be a

future area of research to unravel the complex interactions between adipokines, GH and

inflammatory mediators.

Body composition

Manystudies in the literature have found significant improvements in body composition

with GHR in AGHD.However, I was unable to find any change in anthropometric indices

in my study (chapter4).

Likely explanationsforthis are:

e Patients with hypothalamic pituitary disease in this study had relatively short

duration of GHD (estimated median duration of only 50.3 monthsfor all study patients,

= 19). In comparison, earlier studies in the literature were conducted before rhGH was

widely available in routine clinical practice and therefore many patients had been GH

deficient for several decades. This is further supported by the relatively modest baseline

IGF-1 SDS of -0.6 in my patients compared to IGF-SDS of -1 or lower in previous

reports. Henceit is likely that patients in earlier studies would have had greater alterations

in body compositionpriorto initiation of GHR.

° GHRdosein my study was lower (mean 0.29 mg/ day) comparedto older studies

whererelatively higher doses of GH ( 8 - 10 ug/kg/day) were used. This can result in
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supra-physiological IGF-1 levels and may have contributed to more substantial changesin

body composition. However, I am confident that all study patients were sufficiently

replaced with GH in mystudy, as following GHR, mean IGF-1 levels were nearly double

that of pre-treatment values andall study patients had their GH dosestitrated to achieve

stable IGF-1 levels in the upper half of the reference range adjusted for age and gender.

Meanpost treatment IGF-SDSrose significantly to +0.36. Also, QOL-AGHDAscores

significantly improved (from meanscores of 16 to 9) following GHR.

° In contrast to other studies, body composition in this thesis was measured by

bioelectrical impedance analysis (BIA) using the Tanita bioelectrical impedance scales.

Unlike other reference methods such as DEXA or 4-compartment model, impedance

systems predict the amount of body fat on the assumption that the body is made of two

main compartments (fat mass and fat free mass) and that the proportion between the two

is constant [287]. However,in reality, there exists considerable intra- and inter- individual

variability in these compartments due to the variation in the hydration fraction of fat free

tissue in healthy adults and moreso in disease states. As an example, hydration (i.e. extra-

cellular water) is significantly reduced in untreated GHD and improves with GHR. As a

consequence, impedance measurements tend to overestimate fat mass andA fat mass in

states of GHD and with GHRrespectively [56]. Despite this inherent error, impedance

measurements perform well relative to a four-compartment model (r = 0.93) for

estimation of body fat although the overall agreementin relation to a reference method

such as DEXA is poorer [287].

With reference to my study, it is possible that impedance based measurements are

insensitive to small changes in body composition. Also, the period of observation wasless

than 12 months. These could be the potential reasons why I was unable to show any

significant difference in body composition with GHR. However, the case for using BIA

for measuring changes in body compositionis the relative ease and acceptability of using

impedance-based measurements in a researchsetting.

Energy Homeostasis

In chapters 4 and 6, the changes in energy homeostasis with GHR in hypopituitary adults

with severe GHD have been described. Chapter 4 describes changes in energy balance for

all the 19 study patients while chapter 6 describes alterations in energy homeostasis in

those patients whoalso had acylated ghrelin levels measured.
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Asfar as I am aware, objective measurement of changes in voluntary physical activity in

AGHD following GHR have not been previously described. A near doubling of

accelerometry based measurements of physical activity was observed following GHR

which is not only consistent with the subjective improvement in activity previously

reported, but also now provides an objective measure of the extent of improvement in

voluntary activity with GHR. The mechanisms underlying the impairment in physical

function in patients with GHD and their improvement with GHR remain largely unclear

and are likely to be multifactorial including physiological alterations such as increased

LBM and cardiac function as also improved mood and perceived QOL. There was

however, no difference in measured REEin subjects before and after GHR indicating that

changes in EE was predominantly due to incrementsin physical activity related EE.

On the other side of the energy balance equation, we measuredalterations in EI and self

reported eating behaviour before and following GHR. The following important

observations were noted:

. Firstly, physiologic hunger ratings in the fasting state (as measured by hunger

VASand ‘Desire to eat? VAS) were both significantly higher following GHR.

. Weobserved that subjects consumed more calories (+ 94 Cal) during the free

choice buffet lunch following GHR with a predominant choice for carbohydrate rich

foods (Table 6.3). The difference in total calorie and macronutrient consumption was

howevernotstatistically significant when all 19 study patients were considered together

as a group (Table 4.3).

. Although VASratings (for Hunger, Fullness and Desire to eat) all showed an

appropriate physiologic variation following breakfast, there were no changes in the

dynamic appetite scores with GHR. This suggests that the satiety responses are not

influenced by GHR.

. Favourable alterations were noted in ‘trait’ hunger using TFEQ. The overall

ratings for disinhibition and susceptibility to hunger domains were significantly lower

after GHR while only a trend to increased restraint was noted. On detailed item analysis

of all 51 TFEQ items, a significant difference was seen only on those itemsthat load on

the susceptibility to hunger domain. These changes indicate that subjects perceive their

habitual hunger to be lower following GHR on a long-term basis, which is significant

because studies in literature have shown that maintenance of weight loss has been

correlated to variations in these two domains of the TFEQ [286].
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7 Acylated ghrelin in the fasting state was shownto besignificantly lower following

GHR.This was noted despite higher subjective appetite ratings in the fasting state (VAS-

hunger anddesireto eat). | was unable to show anycorrelations of acylated ghrelin levels

to insulin-glucose homeostasis and changes in indices of adiposity following GHR. Also

ghrelin levels did not correlate with IGF-1 levels. A potential area for future research

could involve ghrelin infusion studies to investigate if there are any alterations in the

sensitivity to ghrelin following GHR.Since levels of ghrelin have also been shown to

decrease with food rich in carbohydrates and following aerobic physical exercise, it is

possible that changes in food choice and habitual physical activity brought about due to

GHR mayhaveinfluenced circulating levels of this peptide.

Taken together, it appears that GHR mayinfluence perceptions of appetite and one can

speculate that total calorie intake during the period of observation may well have

increased driven by the increased fasting hunger scores as shownin this thesis. But other

factors influencing energy balance, for example, non-exercise activity thermogenesis

(NEAT) and diet induced thermogenesis (DIT), which were not assessed, may have also

changed. Also, study patients had no net increase in body weight and body fat percentage

at the end of the observation period since the greater EI was compensated for by the

increased physicalactivity.

Another important fact to consider is that many patients in my study hadstructural

hypothalamic pituitary disease which was treated with surgery (+ radiotherapy). Since

damage to the hypothalamus can affect circuits controlling energy homeostasis, it is

possible that some of the changes seen in energy homeostatic mechanismsin participants

in this thesis could be attributed to structural and /or functional disruptionsin this delicate

yet complexcircuitry.

Further investigations looking into more objective measurements in eating behaviour in

patients with severe GHD due to hypothalamic pituitary disease and the influence of GHR

on hunger and associated eating behavior are indicated to address these issues. Changes in

the nature and duration of habitual physical activity and studies exploring alterations in

circulating levels of anorexigenic peptides (e.g GIP, GLP-1, PYY3-36) in hypopituitary

adults with severe GHD could be other areas worth investigating to unravel changes in both

sides of the energy balance equation brought about by GHR.
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Appendix 1

Composition of fixed calorie breakfast

 

    
100 ml

Macronutrient content: [% oftotal calories]

Energy content: 599.8 Cal

Carbohydrate: 100.5g [63.9%]

Fat: 16.3g [23.1%]

Protein: 18.9¢g [13%]
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Appendix 2

Composition ofbuffet lunch

Ingredient Quantity

Bread 171 gm

Orange juice 100 ml

Butter 33 gm

Turkey breast 100 gm

Muffins 145 gm

Grated cheese 30 gm

Cheese spread 30 gm

Muesli bar 48 gm

Chocolate buttons 46 gm

Cake bars 65 gm

Potato crisps 28 gm

Snack-a-jack 34 gm

Low fat Yogurt 204 gm

Tomatoslices 30 gm

Lettuce 30 gm

Water ad libitum

Macronutrient content: [% of total calories]

Energy content: 2504 Cal

Carbohydrate: 307.2 g [49%]

Fat: 110.6g [38%]

Protein: 76.7 g [12%]
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Appendix 3

Visual analogue scales (VAS)

The VAS sheets and subject instructions used in this study for the assessment of appetite and

moodare shown below:

Please read each question and then put a mark through the line which best represents how you are

feeling in relation to that particular sensation at this moment:

For Example:

How TIREDdoyoufeel at this moment?

Notat all |

 

Tired |

Please complete these ratings:

How HUNGRYdoyoufeel at this moment?

Notat all
 

Hungry

How RELAXEDdoyoufeel at this moment?

Notatall

 

Relaxed

How STRONGisyourdesire to eat at this moment?

Notatall

 Strong

How TENSEdo youfeel at this moment?

Notat all
 

Tense

How MUCHFOODdoyouthink you could eat at this moment?

None

 

Very

Tired

Very Hungry

Very

Relaxed

Very

Strong

Very

Tense

A large

Amount
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How FULLdoyoufeel at this moment?

Notat all 

Full

How would you RATE YOUR MOODatthis moment?

Very

 Poor

How THIRSTYare youat this moment?

Notat all
 

Thirsty

Very

Full

Very

Good

Very

Thirsty
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Appendix 4

The three factor eating questionnaire (TFEQ)

Directions: This booklet contains a number of statements. Each statement should be answered
either TRUE or FALSE.Read each statement and decide how youfeel aboutit, in part I.
If you agree with the statement, or if you feel that it is true about you, circle the T next to the
statement.

If you disagree with a statement, or if you feel that it is false as applied to you,circle the F next to
the statement.

Please put downthe first answer that comesinto your head.

Part I.

1. When I smell somefish & chips or see a juicy piece of meatI find it very difficult to
keep from eating, even if I have just finished a meal. ar F

2. usually eat too muchat social occasions,like parties and picnics. T F

3. 1am usually so hungry that I eat more than 3 times a day. if Fi

4. WhenI have eaten my quotaof calories I am usually very good about not eating
anymore. T F

5. Dieting is so hard for me because I just get too hungry. L F

6. I deliberately take small helpings as a meansof controlling my weight. T F

7. Sometimes things just taste so good that I keep on eating, even when I am no longer
hungry. LE F

8. Since I am often hungry, I sometimes wish that while I am eating an expert wouldtell

me that I have had enoughorthat I can have something moreto eat. T F

9. WhenI feel anxiousI find myself eating. cE E

10. Life is too short to worry aboutdieting. T F

11. Since my weight goes up and down,I have gone on reducing diets more than once.

iE F

12. 1 often feel so hungry I just have to eat something. T F

13. When I am with someone whois overeating, I usually overeattoo. p F

14. I have a pretty good idea of the numberof calories in common foods. T F

15. Sometimes whenI start eating, I just can’t seem to stop. ap F

16. It is not difficult for me to leave something on myplate. T F

17. At certain times of the day I get hungry because I have gotten used to eating then.
T EB

18. While on a diet, if I eat food that is not allowed, I consciously eat less for a period

of time to makeupforit. T F

19. Being with someone whois overeating often makes me hungry enoughto eat also.
T FE

20. WhenI feel blue I often overeat. T F

21. I enjoy eating too much,to spoil it by counting calories or watching my weight.
TE F

22. WhenI see a real delicacy I often get so hungry that I haveto eat right away.
T -

23. I often stop eating when I am notreally full as a conscious meansoflimiting the
amountI eat. aE F
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24. I get so hungry my stomach often feels like a bottomlesspit. T F

25. My weighthas hardly changedat all in the last ten years. Ec i

26. I am always hungry soit is hard for meto stop eating before I finish the food on my
plate. T F

27. WhenI feel lonely, I console myself byeating.

28. I consciously hold back at meals in order not to gain weight.
29. I sometimes get very hungry late in the eveningor atnight.

30. I eat anything I want, anytime I want.

31. Without even thinking aboutit I take a long timeto eat.

32. I count calories as a conscious meansofcontrolling my weight.

33. I do not eat some foods because they make mefat.

34. I am always hungry enoughto eat at anytime.

35. I pay a great deal ofattention to changes in myfigure.

36. While on a diet, if I eat food that is not allowed, I often then splurge and eat
_ other high calorie foods. 7

A
a
a
a
y
e
A
H

a

"T
)

fee
s
1
i
e
]

ee
o
o

9

PartII.

Please answerthe following questionsby circling the number abovethe responsethatis
appropriate for you.

37. How often are you dieting in a consciouseffort to control your weight ?
1 2 3 4

rarely sometimes usually always

38. Would a weight fluctuation of 5lb affect the way youlive yourlife ?

1 2 3 4
notat all slightly moderately very much

39. Howoften do you feel hungry ?
1 2 3 4

only at sometimes often between almost always
mealtimes between meals meals

40. Do yourfeelings of guilt about overeating help you to control your food intake ?

I 2 3 4
never rarely often always

41. How difficult would it be for you to stop eating half way through dinner andnoteat for the

next four
hours ? 1 2 3 4

easy slightly moderately very
difficult difficult difficult
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42. How consciousare you of what you are eating ?
1 Zz 3 4

notatall slightly moderately extremely

43. How frequently do you avoid ‘stocking up’ on tempting foods ?
1 2 3 4

almost never seldom usually almost always

44. Howlikely are you to shop for low calorie foods ?

1 2 3 4
unlikely slightly moderately very

likely likely likely

45. Do youeat sensibly in front of others and splurge alone ?
1 2 3 4

never rarely often always

46. Howlikely are you to consciously eat slowly in order to cut down on how muchyoueat ?
1 2 3 4

unlikely slightly moderately very likely

likely likely

47. How frequently do you skip dessert because you are no longer hungry ?

1 2 3 4
almost seldom at least everyday
never once a week

48. Howlikely are you to consciously eat less than you want ?
1 Z 3 4

unlikely slightly moderately very
likely likely likely

49. Do you go on eating binges even though you are not hungry ?
1 2 3 4

never rarely sometimes once a week

50._On scale of 0 to 10, where 0 meansnorestraint in eating (eat whatever you want, whenever
you want it) and 10 meanstotalrestraint (constantly limiting food intake and never‘giving in’),

what number would yougive yourself. (Choose one numberonly).

 

eat whatever you want, whenever you wantit

usually eat whatever you want, whenever you wantit

often eat whatever you want, whenever you wantit

often limit food intake, but often ‘give in’

usually limit food intake, but rarely ‘give in’

constantly limiting food intake, never ‘giving in’
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51. To what extent does this statement describe your eating behaviour?

‘I start dieting in the morning, but because of any numberofthings that happen during the day, by

evening I have given up and eat what I want, promising myselfto start dieting again tomorrow.’

1 2 3 4

not like me a little pretty good describes

like me description me
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Objective: Adults with hypothalamic-pituitary disease have increased morbidity and mortality from
cardiovascular disease (CVD). Therefore, the prevalence of CVD and adequacy of treatment of
cardiovascular risk factors {according to current treatment guidelines) was studied in a large group of
patients with hypothalamic-pituitary disease.
Study design: In 2005, 152 consecutive adult patients with hypothalamic-pituitary disease attending our
neuro-endocrine centre wereclinically examined and blood pressure (BP), lipid profile, type 2 diabetes
mellitus, body composition and smoking status were assessed.
Results: Of the 152 patients, 36.8% had treated hypertension and 28.2% hadtreated dyslipidaemia. Many of

these patients had inadequate BP control (BP >140/85 mm Hg, 44.6%) and undesirable lipid levels (total
cholesterol >4.0 mmol/l, 69%). Also, manyof the untreated patients had BP andlipid levels which should

have been considered for treatment (26 patients (27%) and 83 patients (76%), respectively). Smoking was

admitted in 18% of patients. Central adiposity was present in 86% and obesity (body mass index =30) was
present in 50%.
Conclusions: Cardiovascularrisk factors are highly prevalent and often inadequately treated in adult patients

with hypothalamic-pituitary disease. Aggressive treatmentofthese factors is essential to reduce mortality and
morbidity from CVDin these patients.

vascular morbidity and mortality are increased in adult

patients with hypothalamic-pituitary disease.’~

Many of these patients have chronic growth hormone

deficiency (GHD), whichis associated with significant cardio-

vascular risk factors including centrally distributed adiposity,
dyslipidaemia, reduced insulin sensitivity, hypertension and

abnormal haemostatic factors.’ Patients with functioning

pituitary tumours causing acromegaly and Cushing’s disease

have an increased prevalence of impaired glucose tolerance,
type 2 diabetes mellitus and hypertension, also causing an

increased cardiovascular risk.° ”
The aims of this study were to determine the prevalence of

macrovascular disease and adequacy of treatment of hyperten-
sion, dyslipidaemia and type 2 diabetes mellitus in a cohort of
patients with hypothalamic-pituitary disease. We also studied

the prevalence of obesity and body composition in these
patients. This information is obviously valuable in planning
treatmentstrategies for the cardiovascular risk factors in these

patients.

Sstudies over the last 15 years suggest that cardio-

METHODS
In 2005, the data were recorded in 152 consecutive patients

with hypothalamic-pituitary disease who attended the neuro-

endocrine clinic as described below.
Sitting blood pressure (BP) was measured according to the

guidelines of the Joint British Societies (JBS)* (hypertension

was defined as sustained systolic BP (SBP) >140 mmHg and/

or diastolic BP (DBP) >90 mm Hg). The aim of BP treatmentis

to achieve a BP target of <l40 mmHg systolic and
<85 mmHgdiastolic (<130/80 mm Hgin those with diabetes

mellitus) in these patients in viewof their cardiovascularrisk.

In the non-fasting state, the following were measured: random

venousplasmaglucose, glycated haemoglobin (HbA,.) and serum

lipid profile (total cholesterol (TC), LDL-cholesterol (LDL-C),

HDL-cholesterol (HDL-C) and triglycerides). In this study, we

assessedif patients had achieved a target TC of <4.0 mmol/l and

LDL-C of <2.0 mmol/] as recommended in the JBS 2 guidelines.*

In most patients, body mass index (BMI, kg/m), waist

circumference (WC), hip circumference and waist hip ratio, and

body fat percentage (assessed by whole body bio-electrical

impedance analysis; Tanita Systems, Stokie, IL) were also

measured.
Wealso recorded the prevalence of established cardiovascular

disease (CVD) in these patients, that is, ischaemic heart disease

(IHD), cerebrovascular disease (cerebrovascular accident (CVA)

or transient ischaemic attack (TIA)) and peripheral vascular

disease (history of intermittent vascular claudication).

Additionally, family history of premature CVD (coronary heart
disease or stroke in male first degree relatives aged <55 years

and female first degree relatives aged <65 years) and current

smoking status were also recorded.
Regular endocrine assessments were made to identify and

correct pituitary hormone deficiencies, including GHD. All

patients had at least annual measurement of random serum

hormones(free T4, free T3, prolactin, LH, FSH, testosterone or

oestradiol, cortisol and insulin-like growth factor 1 (IGF-1)).

Depending on the primary hypothalamic-pituitary diagnosis,
previous surgery and/orradiotherapy, dynamicpituitary testing

of ACTH and GH secretion wascarried out using the glucagon

test.’
Patients received full appropriate pituitary hormonereplace-

ments. Overthe last decade GH replacement hasbeenoffered,

when appropriate, to patients with severe, symptomatic GHD

(stimulated growth hormonelevel <9.0 mIU/] andpoorquality

Abbreviations: BMI, body mass index; BP, blood pressure; CVA,
cerebrovascular accident; CVD, cardiovascular disease; DBP, diastolic BP;

GHD, growth hormone deficiency; HDL-C, HDL-cholesterol; IHD, ischaemic
heart disease; JBS, Joint British Societies; LDL-C, LDL-cholesterol; SBP,
systolic BP; TC, total cholesterol; TIA, transient ischaemic attack; WC, waist

circumference
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Table 1 Diagnoses, treatments and prevalence of cardiovascular disease in the 152 patients studied in 2005

Treated Treated Athero-
Age Sex Cranial External hyper- dyslipid- Diabetes sderotic

n (years)  (M:F) TSS* surgery radiationt tension aemia  mellius CVD

Total 152 52414 89:63 59.8 13.8 33.5 36.8 28.2 9.2 92.
Diagnosis
NFPAt 66 61412 40:26 88.5 0 22.7 42.4 31.8 75 12
Acromegaly 18 56415 9:9 94.4 0 50 55.6 33.3 16.7 22
Cushing’s disease 5 46415 1:4 100 0 20 40 20 40 0
Macroprolactinoma 21 47+12 16:6 28.5 9.5 23.8 19 95 25) 0
Craniopharyngioma and Rathke cysts 17 46415 9:8 23.5 58.8 417 29.4 35.2 5.8 0
Other intracranial tumours8 12 41410 5:7 8.3 66.6 100 25 25 0 8.3
Miscellaneous] 13 40+10 9:4 0 8.3 16.6 23 15.3 7 0

Hormone replacement therapy %
Cortisol 62.5
Thyroxine 44
Sex steroids 47.3
Growth hormone 38.1
Desmopressin 11.8

Data are mean+ SD and percentages.
*Trans-sphenoidal surgery; texternalirradiation involvingpituitary and/or hypothalamus; tnon-functioning pituitary adenoma; Sglioma (n=2), medulloblastoma
(n=1), meningioma (n=1), unclassified brain tumour (n= 1), chordoma (n= 3), pinealoma (n= 1), lymphoma (n= 1), suprasellar germinoma (n= 1), nasopharyngeal
tumour(n= 1); fidiopathic hypopituitarism (n=5), empty sella (n =3), trauma (n=1), acute lymphocytic leukaemia (n= 1), Langerhanscell histiocytosis (n= 1), birth
asphyxia (n= 1), transfusional iron overload (n= 1).   

of life as measured by the Assessment of Growth Hormone
Deficiency in Adults (AGHDA) questionnaire ).”°

RESULTS

Table 1 shows details of the 152 patients. The most common

disorder was non-functioning pituitary adenoma (NFPA,

43.4%) followed by prolactinoma (14.4%).

The table also lists the prevalence of treated hypertension

(36.8%), dyslipidaemia (28.2%), diabetes mellitus (9.2%),
atherosclerotic CVD (11.1%), smoking history (current smokers
18.4%) and family history of premature CVD (14.4%) in these

patients. The atherosclerotic CVD events included 12 IHD
(myocardial infarction and stable angina pectoris), four

patients with cerebrovascular episodes (two CVA and two
TIA) and one patient with peripheral vasculardisease.

Blood pressure and lipid profiles
The actual BP and serumlipid measurements are shown in

table 2. The mean (+SD) SBP and DBPin the groupcollectively

were 136422 and 82+11 mmHg, respectively. Fifty six

patients (36%) were already taking anti-hypertensive medica-
tions and in this treated sub-group mean (+SD) BP was

148 +20/86+10 mm Hg. Despite treatment, 44.6% of these

patients still had suboptimal measurements (>140 mm Hg
systolic and/or >85 mm Hgdiastolic). Of the 96 patients not on

pharmacological treatment for hypertension, 27% had BP

readings that would have warranted treatment. Of the 14

patients with type 2 diabetes mellitus, mean (+SD) BP among

those with known hypertension was 143+11/82+8 mm Hg
(target <130/80 mm Hg).

Results for the 42 patients (27%) who were taking lipid-
lowering therapy demonstrated mean (+SD)TC4.8+0.9 mmol/l,

LDL-C 2.2+0.7 mmol/ and HDL 1.3+0.3 mmol/. Despite lipid

lowering therapy, 69%of treated patients had TC >4.0 mmol/
and 85% had LDL-C >2.0 mmol/l,reflecting suboptimal treat-

ment. Of the patients not taking lipid-lowering therapy (n = 110),

mean TC was 5.6+0.9 mmol/l, LDL-C 3.1+0.8 mmol/l and HDL-

C 1.3+0.4 mmol/; many of these patients should be considered
for pharmacological intervention.

Diabetes mellitus
Of the 14 patients with knowntype 2 diabetes mellitus, (mean)
metabolic control was good (HbA), 6.75+1.09%). Mean

www.postgradmedj.com

random plasma glucose among the “non-diabetic” patients
was 5.24+0.8 mmol/l and no patients were newly diagnosed
with diabetes.

Obesity and body composition
Obesity, defined as BMI 230," was prevalent in 50% of
patients, 30.8% were overweight (BMI =25-29.9) and only 19%

were of normal body weight. Of the 60 patients who were
obese, 32 (26.6%) had class I obesity (BMI 30-34.9), 14 (11.6%)

had class II obesity (BMI 35-39.9) and 14 patients (11.6%)

were morbidly obese (BMI 240). The mean WC was

103.4+ 13.9 cm indicating the majority (86%) had central

obesity (WC 294cm for Europid men and 290 cm for
Europid women).’*

Male patients were more abdominally obese and had higher
waist hip ratio than women, although womentended to have a

higher proportion of total body fat (41.9+6.9% v 29.3+6.8%,
p=notsignificant) (table 3).

DISCUSSION
There exists a large body of evidence confirming the substantial
benefits of BP reduction,’*”” lipid lowering treatment?” and

modest weight loss’* in the general population for reducing
morbidity and mortality from major cardiovascular events such
as IHD, stroke and heart failure.

Patients with hypothalamic-pituitary disease are known to

have increased cardiovascular risk. In this study, treated

hypertension wasprevalent in 36.8% of patients, dyslipidaemia
in 28.2%, type 2 diabetes mellitus in 9.2% and CVD (mostly

IHD) in 9.2%. BP was suboptimally treated in 44.6% of patients

and lipid profiles were not to target in over two thirds of
patients already on lipid lowering treatment. However, it

should be noted that if the earlier JBS 1 guidelines, published

in 1998, were applied, 52% of patients could be considered to

have achievedlipid targets, that is, TC <5.0 mmol/l and LDL-C

<3.0 mmol/l. Also, many patients who were not on treatment

for high BP or dyslipidaemia, had levels which would have
warranted treatment according to current clinical practice

guidelines.®

CVD was more prevalent amongst patients with non-

functioning pituitary adenoma, probably reflecting the greater

age of the group. Hypertension and diabetes were commonin
patients with acromegaly and Cushing’s disease, as expected.
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Table 2 Blood pressure and serum lipid profiles according to pharmacologic treatmentin patients studied in 2005

All patients

{n= 152}, Patients taking anti-hypertensive Patients NOT taking anti-hypertensive
Risk factor mean+ SD drugs (n= 56, 36%) drugs (n= 96, 64%)

Blood pressure, SBP/DBP (mm Hg)* 136+22/82+11 148 + 20/86 + 10 129+419/79+12
(44.6% (n= 25) of recordings >140 mm Hg (27.1% (n= 26) of recordings >140 mm Hg SBP
SBP and/or >85 mm Hg DBP, and/or >85 mm Hg DBP,ie requiring drug
ie uncontrolled BP*) treatment’)

Lipid profile (non-fasting) (mmol/)t Lipid lowering treatment(n= 42, 27%) Nolipid lowering treatment (n= 110, 72%)
TC 5.44+1.02 4.8+0.9 (>4.0, 69%) 5.6+0.9 (>4.0, 76%)
LDL-cholesterol 2.87+0.9 2.240.7 (>2.0, 85%) 3.1+40.8 (>2.0, 44%)
HDL-C 1.3404 1.340.3 1.340.4
Triglycerides 2.5641.3 2.6414 2.541.2

*Accepted target for BP control: <140/<85 mm Hg(in patients with diabetes: <130/<80 mm Hg); taccepted target for lipids: <4.0 mmol/l TC and <2.0 mmol/
LDL-C.   

A major finding in the patients studied in detail was the

prevalence of obesity (BMI 230), which was present in 50%.

This was predominantly central adiposity, particularly in men.

This is similar to the prevalence of obesity (52%) in patients

with type 2 diabetes attending the diabetes clinic at the same

hospital’? and nearly double the prevalence of obesity among

both sexes in the UK general population. According to the

Health Survey for England, in 2004, 29.6% of men and 25.8% of

women were obese (BMI 230) (data for middle aged men and

women).

The cause of obesity in these patients is multifactorial.

Obesity is associated with lesions (congenital or acquired) of

the hypothalamus due to damageto centres regulating appetite

and feeding. In a recent study fromthis unit,” 78.5% of adult

patients with structural hypothalamic damage were obese. Our

present study had a heterogeneous mix of patients with various

hypothalamic-pituitary pathologies and only a minority had

tumour involvement of the third ventricle or hypothalamus.

Also, physical activity and mood can influence energy

expenditure and body weight. Multiple aspects of quality of

life, for example energy levels and psychological morbidity, are

impaired in GHD patients and often these do not normalise in

spite of growth hormone replacement.”

In the light of evidence for excess mortality from CVD in

patients with hypothalamic-pituitary disease,"* this study is
importantasit reveals a large numberof potentially modifiable

cardiovascularrisk factors within this population which should

 

Table 3 Anthropometric parameters for patients studied in
2005
 

 

Anthropometric measure

BMI (kg/m?) 31.247.3
All patients 120

BMI <25.0 23

BMI 25.0-29.9 37

BMI =30 60

Obesity classes (BMI =30) 60
Class | (BMI 30-34.9) 32

Class 2 (BMI 35-39.9) 14

Morbid obesity (BMI =40) 14
Waist circumference (cm)

Males, n= 52 107.1411.6
Females, n=34 97.7+15.5

Waist hip ratio
Males, n= 52 0.97 + 0.06

Females, n=34 0.87 +0.07
Body fat (%)

Males, n=39 29.3468
Females, n=27 A1.9+6.9
  Data are expressed as numbers of patients or mean+SD. 
 

be managed aggressively. This has resource implications and
physicians managing these patients should actively screen and

identify cardiovascular risk factors as well as manage the
primary hypothalamic-pituitary problem. This includes con-

sideration of pharmacological treatments for hypertension and

dyslipidaemia and treating these to target. In particular, this
study highlights a major need for weight reductionstrategies.

Weightloss is difficult to achieve in many patients and more

difficult to sustain in most. It is important that appropriate
lifestyle advice is given to these patients and that drug therapies

(eg, orlistat, sibutramine, rimonobant) to aid weight reduction
are considered. Patients embarking on a weight loss regimen

will require access to dietetic services. Also smoking cessation
programmes mustbe instituted.

Forpatients with diabetes mellitus, there are national**”’ and

international guidelines* for managementof hypertension and

dyslipidaemia. However, despite the high cardiovascular
burden in patients with hypothalamic-pituitary disease, no
such specific guidelines exist for cardiovascular risk factor

management in this group of patients, although “reversal of
increased long-term mortality” is recommendedas anobjective

of treatmentin all patients with pituitary tumours.’
In summary, we have demonstrated a high prevalence of

modifiable cardiovascular risk factors, including hypertension,
dyslipidaemia, obesity and smoking, in patients with hypotha-

lamic- pituitary disorders, despite appropriate hormonereplace-
ment, including GH. A significant proportion also have

established CVD and in this subgroupit is of even greater
importance to identify and treat modifiable risk factors as a
secondary prevention strategy. Obesity, with its association

with type 2 diabetes and the metabolic syndrome, is a major
problem for these patients. All these cardiovascular risk factors
are easily identifiable and should be managedappropriately to

reduce the burden of premature cardiovascular morbidity and
mortality in this subgroupof patients.
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ABSTRACT

Background Adults with growth hormone deficiency (AGHD) have an adverse body composition with an
increased prevalence ofobesity.It is not known whether growth hormone replacement (GHR) resultsin alterations
in energy intake (El) and/or energy expenditure (EE). The aim of the study wasto investigate the effects of GHR
on El and EE.

Materials and methods Nineteen hypopituitary adults (14 males, 5 females, mean age 46-2 years) with severe
GHD (peak GH response to glucagon < 9 mU L"') werestudied. All patients self-injected recombinant human
GH starting with 0-3 mgs.c. daily. The following were measured before and following 6 monthsof stable
maintenance of GHR: food intake during a test meal, appetite ratings, resting EE (indirect calorimetry) and
voluntary physical activity (accelerometry).

Results GHR nearly doubled voluntary physical activity (mean activity units 3319 vs. 1881, P = 0-007) and

improved quality oflife score (mean score 9-1 vs. 16-5, P< 0-0001). Subjects reported higher fasting hunger

ratings (mean 64-8 vs. 49-6, P = 0-02) but adlibitum energy intake remained unchanged. Eating behavioural traits
were favourably altered with lower disinhibition (mean 6:0 vs. 7-2, P = 0-02) and lower susceptibility to hunger

ratings (4-6 vs. 6-8, P= 0-001) after GHR. Additionally, GHR did notresult in significant changes in resting EE,
body weight and body massindex.

Conclusions GHR in AGHD significantly improves voluntary physical activity and quality oflife. Following GHR,

physical activity.

Eur J Clin Invest 2008; 38 (9): 622-627 subjects experience greater ‘state’ (physiological) hunger, reductions in eating disinhibition and hunger

susceptibility, but no effects on calorie intake or macronutrient choice were detected.

Keywords Energy expenditure, growth hormonedeficiency, growth hormonereplacement, ingestive behaviour,   
Introduction

Adult growth hormonedeficiency (AGHD)is a well-characterized

and recognized clinical entity that can persist from childhood or

be acquiredin adult life. The commonest acquired causes are due

to hypothalamic pituitary disorders and their treatments

(surgery + radiotherapy)[1]. Patients with AGHDhavealterations

in body composition,increased cardiovascularrisk factors, reduced

bone mass, decreased mood,social isolation and poor quality of

life (QOL)[1,2]. Weight gain with a predominantincreasein visceral

fat is a commonfeature of AGHD [3] and whilst GH replacement

(GHR) can reduce visceral fat [4,5], this occurs with minimal

alterationsin total body weight. Body weight in manis controlled

by factors that regulate energy intake (EI) and energy expenditure

(EE). GHRhas been showntoincreaseresting energy expenditure

(REE)in a fewstudies [6,7]. Furthermore, lean body mass (LBM),
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muscle strength and isometric exercise performance have also been

shownto improve with GHR[8,9]. However, there have been no

studies as yet which have examined the influence of GHR onEI

together with measures ofEE and physicalactivity in AGHDpatients.

The aims of the study wereto assess, in a cohortof adults with

severe GHD,the effects of GHR on REE, voluntary physical

activity and ad libitumfoodintake. Further, the effects of GHR on

self-reported eating behaviour wasalso studied.

Subjects and methods

Patients
Patients with hypothalamic pituitary disease were recruited from

a combined surgical and medical neuroendocrineclinic at the
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Walton Centre for Neurology and Neurosurgery in Liverpool, UK.

All patients with severe GHD (peak GH response to glucagon

< 9-0 mIU L™) and impaired QOL [Assessmentof Growth

HormoneDeficiency in Adults (AGHDA)score > 11] [10,11]

were invited to participate in the study. Of the 19 patients who

agreed to take part in the study, 18 had adult onset GHD

(AO-GHD)andone had childhood onset GHD (CO-GHD).

The study patients (14 males, 5 females) were all Caucasians,

mean age 46-2 years (range 26-60 years), did not have type 2

diabetes mellitus and were not on medications that could

potentially influence mood and appetite. None hada history of

eating disorders. All patients were taking standard, optimized

pituitary hormonereplacements (hydrocortisone, sex steroids,

thyroxine and desmopressin)if required, ata stable dosefor at least

3 months (except GH)prior to their inclusion in the study. All

patients gave written informed consent and ethical approvalfor

this study wasobtained from the St. Helens & Knowsley Research

Ethics Committee (project registration number 04/Q1508/13).

The study was performed in accordance with the principles of

the Declaration of Helsinki.

Study protocol
Patients attended the investigational unit at the Clinical Sciences

Centreat 08 : 00 h after a 10h overnightfast. Patients were studied

twice: before and after GHR.Patients attended their secondvisit

after having been on stable maintenance dose of GHRforat least

6 months. They took their last GH injection at approximately

22: 00h on the day before the study.

Measurementof resting energy expenditure (REE)
REE was measuredat 08 : 30hby indirect calorimetry using a

ventilated hood system (Deltatrac Metabolic Monitor, Datex-

Ohmeda, Finland). Measurements were performed with the

subjects in a supine position with 30° headuptilt in a temperature

controlled room at 21 + 1 °C. Measurements werestarted after

5 min to allow the subjects to acclimatise and were performed for

a 20 minute period.

Test meals and assessmentof appetite

Over 15 minall patients consumed a 600 kCal breakfast with the

following macronutrient composition: 63-9%calories as

carbohydrate, 13-0%as protein and 23-1%as fat. Three hours after

the breakfastthey were offered a free choice buffet lunch. The items

offered at the buffet lunch were consistent between patients, and

were designedto be acceptableto a wide range of palates and were

offered in sufficient excess to enable all subjects to eat to satiety.

Patients were informedthat they could eat whatever they wanted

and in whatever quantity over 30 min. Total calorie and

macronutrientintake wascalculated using the WinDiets®software

(http://www.rgu.ac.uk/windiets; accessed 1 August 2005).

A series of motivational (hunger, fullness, urge to eat,

prospective consumption of food and preoccupation with food)

and moodvisual analogue scale (VAS)ratings (possible scores:

0-100 mm) were given to all subjects prior to, immediately

following and hourly up to three hours after the standardized

breakfast and at the end of the free choice buffet lunch.

Three factor eating questionnaire (TFEQ)
The TFEQ [12] is a 51 item (Q1-Q51) questionnaire that measures

three different dimensions ofeating behaviour: cognitive control

of eating (conscious attempts to limit food intake to control body

weight), disinhibition (loss of control over food intake) and

susceptibility to hunger. The TFEQ is a well-validated tool used

to assess changes in eating behaviourin patients. It has been used

in a numberofdifferent clinical studies and in a diverse group of

patients, e.g. eating disorders [13], simple obesity [14] and

followingbariatric surgery [15]. Althoughnoneofour patients had

disordered eating, the questionnaire wasusedto assess differences

in the patterns of normaleating as a result of GHR.Patients were

asked tofill out the questionnaire at home and to return it by mail.

Voluntary physical activity

This was measured by meansofa Bio Trainer Pro®(Individual

Monitoring Systems, Baltimore USA) accelerometer: a valid, non-

invasive method of measuring physical activity under free living

conditions. This is a small, compact, clip-to-belt device with a

biaxial acceleration sensor for measuring a full range of body

movements. Subjects were advised to wear the accelerometer

continuously during their waking hours for one weekstarting

from the dayafter the study. Data was then downloadedto a

computer and converted using the manufacturer’s software into

‘units of activity’. Of the 19 subjects recruited, only 11 agreed to

havetheir activity measured over the week.

Growth hormonereplacement

All patients were commenced on recombinant human GH at a

standard dose of 0-3 mg subcutaneously daily. In the first three

months (dose titration phase), the dose of GH wastitrated up (or

down) based onclinical response and to achieve an insulin like

growthfactor (IGF-1) level in the upper half of normal range

standardised for age and gender: normalreference range:

1440 nmol L"! (below age of 40); 11-29 nmol L! (below age of 60).

Patients were subsequently maintained on this dose of GH

(maintenance phase). Patients were then restudied after they had

been onthis stable maintenance dose of GH forat least 6 months

using the same protocol. The mean total duration of GH therapy,

inclusive of the dosetitration phase, was 8-9 months.

Statistical analysis
Statistical analysis was performed using the StatsDirect

(StatsDirect Ltd, UK) statistical software. Data are expressed as

mean + standard deviation. Comparison following treatmentin
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Table 1 Characteristics of hypothalamic pituitary disorder, GH-

IGF-1 axis and replacement treatments for the study patients at

baseline
 

Characteristic Number

19 (14 males, 5 females)

46:2 + 11:6 (26-60)

Total numberof patients

Age(years)

Hypothalamic Pituitary pathology

NFPA*

Craniopharyngioma and Rathke cyst

Empty sella

Idiopathic hypopituitarism

Supra sellar cyst (unknown aetiology)

Otherst

Treatment modality for primary pathology

O
o

N
Y

Y
M

N
Y
W

N
I

Trans-sphenoidal surgery 10

External irradiation 6

Pituitary hormone replacement therapy

Corticosteroid 15

Thyroxine 11

Sex Steroids 12

Desmopressin 4

GH -IGF -1 level axis

Peak GH levelt

(during glucagon stimulation test)

Serum IGF-1

3:0+2:4mUL"!

14-1 +5-6 nmol L"!

Estimated duration of GHD 50-3 months

(6-216 months)

Daily GH dose 0:29 + 0:07 mg

(0:2-0-4 mg)

Duration of stable maintenance GHR 6 months

Data shown are mean+ standard deviation (range).

*NFPA, non functioning pituitary adenoma; t3 mU L" = 1 11g L"'; {Langerhans

cell Histiocytosis (1); invasive macroprolactinoma (1); suprasellar germinoma

(1).

subjects was performed using paired f-tests. Group by time

interaction for VAS scores wasanalysed using ANovafor multiple

comparisons with baseline (Dunnett’s method). Twotailed

P-values were considered significant when P < 0-05.

Results

Details of the 19 patients (14 males, 5 females) are shownin Table 1.

Atbaseline, all patients had severe GHD (peak GHresponseto

glucagon3-0 + 2-4 mU L! and QOL-AGHDAscore was

16-5 + 6-2). The estimated duration of GHD (based onthe time

since diagnosis of the hypothalamic pituitary disorder) ranged

from 6 to 216 months with a mean of 50-3 months. The dose of GH

wasadjusted based onclinical response and to achieve an IGF-1

level in the upper half of normal reference range for age and

gender. Noneofthe patients needed to stop GH as a result of side

effects.

Patients showedsignificant improvements in their QOL-

AGHDAscores with GHR (meanpre-treatmentscore 16-5 vs. post-

treatment score 9-1, P < 0-0001) and IGF-1 standard deviation

scores (SDS)significantly increased [median (IQR) — 0-65 (-0-7 to

—0-4) to +0-36 (0-1-0:5) P < 00001] (Table 2). Body weight and body

mass index (BMI) remained unchangedfor the duration of the

study [post GHRvs. pre: weight 97-1 + 22:2 kg vs. 95-1 + 22:5

(P = 0-1) and BMI 32-9 + 6-6 vs. 32:3 + 6-9 (P = 0-19)]. The mean

waist circumference of the group before GHR was 108-1 cm

indicating central adiposity.

REE,respiratory quotient (RQ) and voluntary physical
activity

There were no significant differences in REE or RQ with GHR

(Table 3). However, patients were significantly more active (mean

activity units 3319-9 + 2078-9 vs. 1881-5 + 1413-1; P = 0-007) during

the week this was measured whilst on GHR comparedto baseline

levels (Table 3).

Hunger, satiety scores, ad libitum El and TEFQ
Patients recorded significantly higher scores for the item ‘How

hungrydo youfeel’ and had a stronger ‘Desireto eat’ in the fasting

state, after GHR (Fig. 1) (mean fasting ‘Hunger’ VAS score

64-8 mm vs. 49-6 mm; P = 0-02; ‘Desire to eat’ VAS score 67-7 mm

vs. 49-5 mm; P = 0-01). None of the other items on the VAS scale

weresignificantly different betweenpatient groupsin the fasting

state (data not shown).

Nosignificant differences in total calorie and macronutrient

choice before and after GHR were observed (Table 3). On the TEFQ

questionnaire we foundsignificant differences in the ratings for

disinhibition and susceptibility to hunger(Table 4). Scores for both

of these subscales weresignificantly lower after GHR compared

to baseline.

Discussion

Adults with GHD have an adverse body composition

characterized by increased visceral fat mass and reduced lean body

mass (LBM)[1]. A recent study from our unit [16] revealed that

nearly 50% of adult hypopituitary patients are obese

(BMI > 30 kg m”).Thisis thefirst study to prospectively examine

EI together with changes in REE and voluntary physicalactivity

following GHRin GHDadults with hypothalamic pituitary disease.

In keeping with previous reports of increased psychological

well-being [9,17] and subjective reports of increased physical

624 © 2008 The Authors. Journal Compilation © 2008 Blackwell Publishing Ltd
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Table 2 Effects of GH replacement (GHR) on quality of life and IGF-1 levels
 

Baseline (Pre GHR)

Quality of life (AGHDA score)

\GF-1 level (nmol L7')

IGF-1 SDS score* (IQR)

16-5 + 6-2

14-1+ 5-6

Data expressed as mean + standard deviation.

*median score; IQR,inter quartile range.

-0-65 (-0:7 to -0:4)

Post GHR P-value

9:1+6-5 P<0-0001

29:8 +7:0 P<0-0001

+036 (0:1-0:5) P<0-0001

Table 3 Resting energy expenditure (REE), respiratory quotient (RQ), voluntary physical activity andcalorie intake at free choice buffet

lunch before and after GH replacement (GHR)
 

Baseline (Pre GHR)

REE (kCal day) 1647-55 + 323-5

RO 0-84

Activity data (Units) 1881-5 + 1413-1

Total Calories (kCal) 792-8 + 288-2

Carbohydrates (g) 100-65 + 38-8

Fat (g) 29-7 + 13:3

Protein (g) 34-44 10-5

Data expressed as mean+ standard deviation.

ns, non-significant.

n= 19.

HungerVAS scores

 
—¢— Pre GHR

--2+-- Post GHR    

 

 

Baseline 15 60 120 180 210

Timepoints (min) following breakfast

*Baseline fasting hunger scores 64-8 mm (post) vs. 49-6 mm (pre); P = 0-02

Figure 1 Fasting Hunger VAS score before and after growth

hormone replacement (GHR).

Post GHR P-value

1648-7 + 318-7 ns

0-88 ns

3319-9 + 2078-9 P= 0-007

854-2 + 2785 ns

111-5 + 36-8 ns

33 + 12:8 ns

31:64 9:3 ns

Table 4 Three Factor Eating Questionnaire (TFEQ) scores before

and after GH replacement (GHR)
 

 

activity, we found that GHD patients demonstrated significantly

higher levels (76% more than baseline) of voluntary physical

activity after GHRas assessed overa period of one week using an

accelerometer. Our studyis thefirst to objectively measure the

improvementin physicalactivity brought about with GHRin adult

patients with GHD. One previous study assessed changes in

physical activity following GHRin adults by measuringlevels of

physical activity by means of a VASscale in 304 adult patients

recruited in KIMS (the Pharmacia International Metabolic

Baseline

TFEQ Domains (Pre GHR) Post GHR P-value

Restraint 758445 85+5-1 ns

Disinhibition 7:24 3-2 642-5 P=0-02

Susceptibility to Hunger 68+2:8 46427 P=0-001

Data expressed as mean + standard deviation.

ns denotes non significant.

n= 16.

Database of adult GHDpatients) [18]. After 12 months of GHR,

patients reported significantly (17%) higherlevels ofactivity;

althoughthis was quantitatively less than what wasseen in the

present study.

The mechanisms underlying the impairmentin physical

function and QOLin patients with GHDandtheir improvement

with GHR remainlargely unclear. Although GHRis associated

with enhanced lean body mass (LBM), it does not appearthatthis

can be translated into enhanced muscular performance with the

currently available evidence. Changes in musclefibre size and

proportion, improvements in maximal oxygen uptake (VO,,,,,)

and subsequently enhanced aerobic capacity, improved oxygen

European Journal of Clinical Investigation Vol 38 625
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delivery due to GH-stimulated erythropoiesis, and increasesin

cardiac output haveall been proposed to be contributors to the

improved physical capacity seen in adult GHDpatients receiving

GHR[19]. Improvements in mood and diminution of depressive

symptomscanalso impactpositively onthe patients’ physical

performance with GH substitution.

In our study there were nosignificant alterations in REE

following GHR.Whilstthe effects ofGHR on substrate metabolism

are well known,the overall effect of GHR on metabolic rate is

controversial. Whereas somestudies have found a normal[3,20]

or low normal[21] REE in untreated GHD adults, others have

shownanincreased REE (after adjustment for FFM) following

GHR[7]. These discrepancies in the reported effects of GHR on

EE canbe attributed to methodological differences such as use of

weight-based dosing regimesespecially in the older studies, which

resulted in supra-physiological IGF-1 levels makingit difficult to

ascertain if the observed changesin EE are indeed a physiological

or pharmacological effect. In addition, differences in control

groupsand length of GH treatment may havebothinfluenced the

observations.

There is paucity of information on GH treatmenteffect on ad

libitum EI. Two studies have measured EI using validated

nutritional diaries [22,23] and have produced conflicting results.

In ourstudythe effect of GHR on energy intake (EI) was assessed

by providing a free choice buffet lunch. We foundthat after GHR,

subjects consumedslightly more calories thanat baseline;

however, the total calorie and macronutrient composition

of the consumed lunch wasnotsignificantly different before

and after GHR.

In the present study, after GHR, patients reported significantly

lower‘susceptibility to hunger’ratings (6-8 to 4-6; 32% reduction).

In order to better appreciate this findingit is important to

distinguish betweenthe two conceptsof‘state’ (physiological) and

‘trait’ (psychological) hunger [24]. ‘State’ (physiological) hunger

canbe identified as the sensationthat fluctuates episodically, and

is linked to the pattern ofeating. ‘Trait’ (psychological) hunger,

however, has a tonic form of expression,i.e. it does notfluctuate

daily and is a more enduring andresilient phenomenonlikely to

influence an individual’s on-going tendency toeat or to select

foods. The TFEQ identifies trait hunger, and therefore the

significant reduction in scoresindicates that the patients perceive

their habitual hunger post-GHRto be lower ona long termbasis.

It is of interest that similar changes in the TFEQ were observed in

the Swedish Obese Subjects (SOS) study of patients who had

undergonebariatric surgery [15].

Physiological ‘state’ hunger and satiety were assessed using

VASscores. Subjects reported significantly higher hunger scores

in thefasting state following GHR.This suggests that patients on

GHRalthoughreporting higher physiological ‘state’ hunger

scores, feel less susceptible to the psychological ‘trait’ hunger. As

both states and traits influence consumption throughdifferent

processes andindifferent ways,further research is needed to fully

elucidate the effects of GHR on hunger and associated eating

behaviour.

Anotherfinding in the present study wasthat body weight was

unchanged following GHR.This occurred in spite of the near

doubling of the objectively assessed voluntary physicalactivity.

Total calorie intake during the period of study may well have

increased drivenby the increased fasting hunger scores as shown

in this study. Other factors influencing energy balance, for

example, Non-Exercise Activity Thermogenesis (NEAT) and diet

induced thermogenesis, which were not assessed, may also have

changed. Therefore a state of negative energy balance was not

achieved during the study and further investigationsin this area

are clearly indicated.

In conclusion, we observed a markedincrease in voluntary

physicalactivity following GHR, but no changesin REE. This may

have been brought about through improved QOL. While we were

not able to establish any changes in EI, and the TFEQ suggested

that GHR reduces hungersusceptibility (trait hunger), the hunger

VASsuggested that (physiological) hungerin the fasting state was

in fact increased. Therefore, GHR in humansappearsto influence

both El and EE,but in such a waythatlittle overall effect on body

weight was observed.
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ABSTRACT

 

Background: Adult GHD syndromeis associated with clustering of adverse cardiovascular (CV)risk fac-

tors such as abnormal body composition, dyslipidemia, insulin resistance and abnormal haemostatic fac-

tors. There is a wealth of evidence linking CV events with elevated levels of inflammatory markers (hs-

CRP andIL-6) in the general population; however data on their abnormalities in GHD andspecially the

effects of GH replacement (GHR) on these inflammatory markers are limited.

Objective: To study the effects of GHR on inflammatory markers, glucose homeostasis and body compo-

sition in a cohort of adults with recently diagnosed severe GHD due to hypothalamicpituitary disease.

Design: Fifteen hypopituitary adults (11 males, mean age 48.5 years) with recently diagnosed, severe

GHD were recruited. Patients received GHR (in addition to other pituitary hormone replacements)

titrated to clinical response and to normalize age and gender adjusted IGF-1 levels. Weight, waist hip

ratio (WHR), body composition, fasting plasma glucose and insulin, insulin resistance index (HOMA-

IR), fasting serum lipid levels, hs-CRP, IL-6 and TNF-« were measuredat baseline and following a mini-

mum 6 monthsof stable maintenance GHR.
Results: GHR resulted in a physiological increase in IGF-1 SDS [median —0.6 to +0.39, P< 0.0001],

improved quality of life (mean pre-treatment AGHDAscore 16 vs. post-treatment score 7, P< 0.0001)

and reduction in WHR (0.94 vs. 0.92, P= 0.01). There were no significant changes in body weight and

composition. Levels of hs-CRP (log transformed, mean (SD)) were significantly reduced following GHR

(pre 1.21 (0.9) vs. post 0.27 (0.9), P< 0.0001) but TNF-a andIL-6 levels remained unchanged.Fasting glu-

cose (mmol/L) [4.6 (0.1) vs. 5.1 (0.1), P= 0.003], fasting insulin (\1U/mL) [9.4 (8.1) vs. 12.1 (9.2), P = 0.03]

and HOMA-IR [1.2 (1.0) vs. 1.5 (1.1) P= 0.02] (all pre-GHR vs. post-GHR and mean (SD)) significantly

increased following GHRindicating increased insulin resistance. Significant improvements were noted

in fasting LDL-cholesterol (LDL-C) and HDL-cholesterol (HDL-C) levels following GHR [3.4 (0.9) vs. 2.9

(0.7), P= 0.03 and 1.2 (0.2) vs. 1.3 (0.2), P=0.02, respectively] (all pre-GHR vs. post-GHR and mean

(SD)). Levels of total cholesterol and triglycerides did not change following GHR.

Conclusions: Physiological GHR for at least 6 months in hypopituitary adults with recently diagnosed

severe GHD resulted in favourable changes in hs-CRP, WHR,fasting LDL-C and HDL-C levels all of which

are recognised CV risk markers. However, there remains a high prevalence of obesity in this population

and given the worseningofinsulin sensitivity in the short term with GHR, monitoring and aggressive

treatment of established CV risk factors is essential to reduce premature atherosclerotic CVD in this

patient population.

© 2010 Elsevier Ltd. All rights reserved.
  

1. Introduction associated with clustering of adverse CV risk factors such as abnor-

mal body composition including central (visceral) obesity, dyslipi-

Hypopituitary adults have increased cardiovascular (CV) mor-

tality which maybeattributable to untreated chronic growth hor-

mone deficiency (GHD)[1-5]. The adult GHD syndrome (AGHD)is

* Corresponding author.Tel.: +44 151 529 6333; fax: +44 151 529 8116.

E-mail address: deepakd_s@yahoo.com (D. Deepak).

1096-6374/$ - see front matter © 2010 ElsevierLtd. All rights reserved.
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demia, insulin resistance, and abnormal hemostatic factors [6].

There is evidence linking adverse CV events with elevatedcirculat-

ing levels of inflammatory markers (hs-CRPandIL-6) in the general

population [7-9]. Excess visceral adiposity is shown to be more

strongly linked to increased CVD risk than the absolute amount

of body fat [10-14]. Given the increased prevalence of obesity
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[15,16] and excess CV morbidity and mortality in GHD adults,it is

useful to examine the possible link between mediators of inflam-

mation, their relationship to GH/IGF-1 axis in the setting of GH

deficiency, and the influence of GHR on these mediators.

Growth hormone replacement (GHR) in adults can reverse

many of the individual adverse CV risk factors associated with

the AGHD syndrome [6,17-23]. However, two important caveats

are that earlier studies were conducted in patients who had un-

treated GHD for manyyearsand the doseofGH used for GHRoften

resulted in supra-physiological IGF-1 levels. Hence, improvements

in body composition andoftraditional CV risk markers were often

marked in these early studies. Also, data on the effect of GHR on
circulating inflammatory CV risk markers in AGHDhave beenvar-

ied and inconsistent [24-32] andlittle is known aboutthe effects

of GHRonthese CV risk markers in adults with recently diagnosed

GHD.

In order to address the latter, this study was conducted in a

cohort of adults with severe GHD due to recently diagnosed

hypothalamic pituitary disease. The aim of the study was to

examinethe effect of stable, short term physiological GHR on glu-

cose-insulin homeostasis, circulating levels of inflammatory

markers, fasting lipid profile and body composition. As obesity

is intimately linked to all these parameters, the influence of body

composition on the biochemical responses to GHR was also

examined.

2. Patients and methods

The recruitment of patients with severe GHD due to hypotha-

lamic pituitary disease and the protocol used for this study has

been previously reported [33]. Severe GHD wasdefined as peak

GHresponse of <3 pg/L on dynamic testing with glucagon stimu-

lation (1.5 mg for body weight >90 kg) [34] and impaired quality

of life (QOL) as assessed by a disease specific questionnaire

[Assessment of Growth Hormone Deficiency in Adults (AGHDA)

score of >11] in patients with hypothalamic pituitary disease

[35]. The estimated duration of GHD (based onthe timesince diag-

nosis of the hypothalamic pituitary disorder) ranged from 6 to

216 months with a median duration of 20 months.

Of the 19 patients originally included in the study, no biochem-

ical data wereavailable for two patients due to poor venousaccess.

One subject did not have cytokines measured due to technical

problems and one subject was excluded dueto active Langerhans

Cell Histiocytosis (LCH) which made comparisonsof inflammatory

markers difficult. Hence, thefinal analysis is presented here for 15

patients (11 males, mean age 48.5 years) all of whom had noovert

evidence of infection/inflammatory process at the time of the

study.

2.1. Biochemical assays

Samples werecollected from patients after overnight fast. Ser-

um samples were allowed to stand for 15 min prior to centrifuga-

tion at 4°C. Plasma samples for fasting glucose estimation were

collected in fluoride oxalate tubes and frozen at —20°C within

30 min of collection. All samples were subsequently stored at

—80 °C until assayed. Fasting plasma glucose (mmol/L) was ana-

lysed by glucose hexokinase method (ADVIA 1650 system Bayer,

UK). Fasting insulin (WU/ml) was quantified by a solid-phase,

twosite, chemo luminescent enzyme-labelled immunometric as-

say using an Immulite 2000 automated analyser (Diagnostic Prod-

ucts Corporation-UK, Llanberis, Gwynnedd). Insulin resistance

index was assessed from one fasting glucose and fasting insulin

sample using the Homeostatic Model Assessment-Insulin Resis-

tance (HOMA-IRcalculator version 2.2) [36]. Fasting serum lipids

(total, LDL-, HDL-cholesterol and triglycerides) were measured on

Olympus AU 2700 automated system (Hamburg, Germany). Ser-

um IGF-1 levels were measured using a solid-phase, enzyme-la-

belled chemiluminescent immunometric assay (IMMULITE 2000,

Siemens) with an analytical sensitivity of 20 ng/ml (2.6 nmol/L).

High sensitivity CRP (hs-CRP) was measured by immuno-turbidi-

metric method (Olympus AU 2700 automated system Hamburg,

Germany)with a sensitivity of 0.07 mg/L and intra assay precision

of 0.73-5.73% CV. TNF-a was measured in serum using a com-

mercial cytokine ELISA assay (Pelikine™ kit, MAST diagnostics,

UK)with anassaysensitivity of 1 pg/ml and intra- and inter assay

<10% CV. IL-6 was measured using a commercial cytokine ELISA

assay (Pelikine™ kit, MAST diagnostics, UK) with an assay sensi-

tivity of 0.3 pg/ml and intra- and inter assay <10% CV.

2.2. Anthropometric measurements

Body composition was assessed using Tanita TBF-521 bio

impedance scales (Tanita Corp, Tokyo, Japan). Height was mea-

sured with subjects barefoot against a standard stadiometer to

the nearest 0.1 cm. Weight was measured digitally on the Tanita

scales. Body mass index (BMI) was defined as weight (kg)/height?

(m). Waist circumference (WC) was measured midway between

the lowerrib andiliac crest and hip circumference at the level of

greater trochanter and waist-hip ratio was calculated (WHR).All

measurements were performedby a single observer.

2.3. Statistical analysis

Data were checked for normality using the Shapiro-Wilk

test. Comparison between groups was analysed using student’s

t-test or Wilcoxon signed rank test as appropriate. Values for

inflammatory markers (hs-CRP, IL-6 and TNF-a) were non-nor-

mally distributed and log transformed (Ln) before analysis. A

step-wise regression model was used to determine the correla-

tion between the reduction in hs-CRP levels and other indices of

body composition. Data are presented as mean (+1 standard

deviation) unless specified. All data were analysed using SPSS

(version 16). Two sided P values less than 0.05 were considered

significant.

3. Results

The baseline characteristics of the study patients are shownin

Table 1. All study patients had severe GHD as demonstrated by a

mean peak GH response of 1.07 jig/L and received stable mainte-

nance GHR for a mean duration of 8.8months (range 7-

11 months). The meandaily dose of rhGH was 0.29 mg/day which

wastitrated to clinical response and to maintain serum IGF-1 lev-

els in the upperhalf of the reference range adjusted for age and

gender. Three patients in this study were current cigarette smok-

ers. Patients were obese (mean BMI 32.4) with central adiposity

(mean WC of 107.8 cm)at baseline (Table 2).

3.1. Effects on GH/IGF-1, quality of life and body composition

Patients demonstratedsignificant improvementsin their quality

of life scores with GHR (meanpre-treatment AGHDAscore 16 vs.

post-treatmentscore 7, P < 0.0001). GHR achieved a significant bio-

chemical response with doubling of mean serum IGF-1 levels and

improvementin the IGF-1 standard deviation scores (SDS). WHR

wassignificantly lowerfollowing GHR. However, there werenosig-

nificant changes in body weight, BMI, WC, body fat percentage

(BF%), fat mass (FM) andfat free mass (FFM) with GHR(Table 2).
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Table 1
Baseline characteristics of study patients.

Characteristic Number

Total numberof patients 15 (11 males)

Age (years) 48.5

Mean(range) (26-60)

Hypothalamicpituitary pathology
NFPA* 7

Empty sella 2

\diopathic hypopituitarism 2
Supra sellar cyst (unknown aetiology) 2

Others? 2

Pituitary hormone replacement therapy
Corticosteroid 11
Thyroxine 7

Sex steroids 9

Somatotroph axis
Peak GHlevel‘

Serum IGF-1

1.07 (0.9) pg/L
13 (4.6) nmol/L

 

 

 

Estimated duration of GHD 20 months
Median(range) (10-216 months)

GH replacement dose 0.29 mg

Mean(range) (0.2-0.4 mg)

Data expressed as mean (standard deviation).
* Non-functioning pituitary adenoma.
> Germinoma(1), macroprolactinoma (1).
© Glucagon stimulationtest.

Table 2
Effects of GHR on IGF-1, QOL and body composition.

Characteristic Baseline (pre-GHR) —Post-GHR P-value

Quality oflife (QOL) 16 (1.7) 7 (1.3) P<0.0001

(AGHDAscore)
IGF-1 level (nmol/L) 13.0 (4.6) 28.1 (5.7) P< 0.0001
IGF-1 SDS score* —0.6 +0.39 P< 0.0001

(—0.85 to —0.43) (0.19 to 0.5)

Weight(kg) 93.5 (22) 93.8 (19.6) 0.8
BMI(kg/m?) 32.4 (7.4) 32.5 (7.0) 0.8
Waist circumference 107.8 (14.0) 106.2 (12.7) 03

(cm)
Waist-hip ratio(WHR) _0.94 (0.04) 0.92 (0.04) 0.01
Bodyfat (percentage) 34.4 (10.2) 34.2 (9.8) 0.6

Fat mass (kg) 33.3 (16.9) 33.2 (15.4) 08
Fat free mass (kg) 60.0 (10.5) 60.6 (9.8) 0.4
 

Data expressed as mean (standard deviation); n= 15.

4 SDS - standard deviation score, median (interquartile range).

3.2. Inflammatory markers

The effects of stable maintenance GHRon inflammatory mark-

ers are shownin Fig. 1. Circulating levels of hs-CRP was signifi-

cantly lower following GHR [Ln values pre vs. post; mean (SD)]

(1.21 (0.9) vs. 0.27 (0.9), P< 0.0001) while the 37% reductionin cir-

culating levels of IL-6 did not reach significance (0.71 (0.9) vs. 0.34

(0.5), P= 0.06). There was no changein levels of TNF-« following

GHR(0.91 (0.5) vs. 1.3 (0.9), P= 0.1).

3.3. Glucose homeostasis

Fasting glucose and insulin levels rose following GHR. Insulin

resistance index (HOMA-IR) also worsened following GHR as

shownin Table 3. However, no patients developed diabetes melli-

tus at the end of the observation period.

3.4. Lipid parameters

Significant improvements were noted in fasting LDL-C and

HDL-C levels following GHR (Table 3). Levels of total cholesterol
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Fig. 1. Changes in the mean log(n) values for inflammatory markers with GHRare
shown. Ln hs-CRP wassignificantly lower (0, P < 0.0001) while Ln IL-6 (@, P= 0.06)
and Ln TNF-a (a4, P= 0.1) were unchanged comparedto baseline.

and triglycerides however showed no differences. None of the

study patients were on lipid modifying treatment during the peri-

od of observation.

3.5. Correlations

Levels of hs-CRP weresignificantly correlated to indices of adi-

posity both at baseline and following GHR and notto body weight,

BMIor IGF-1 levels as shownin Table 4.

Using a linear regression model where change in hs-CRP (ACRP)

was a dependantvariable, the significant predictors for reduction

in hs-CRP following GHR were: change in WC (AWC,P = 0.02 CI

0.03 to 0.3), change in FFM (AFFM,P = 0.01, CI —1.5 to —0.5) and

changein IL-6 levels, P = 0.001 (Fig. 2). ACRP was not showntocor-

relate with changes in weight, BMI, body fat%, physical activity or

IGF-1 levels (data not shown).

4. Discussion

This study in a cohort of adults with recently diagnosed severe

GHD (estimated median duration 20 months) has shown that

physiological GHR resulted in significant improvements in QOL,

IGF-1 SDS, WHRand HDL-C as well as markedfall in hs-CRP levels

and a reduction in LDL-cholesterol. Improvementsin these CV risk

markers (hs-CRP, LDL-C, HDL-C and WHR)occurred evenin the ab-

sence of significant changes in body composition.

Table 3
Effects of GHR onglucose, insulin, HOMA-IR andlipid levels.
 

Baseline (pre-GHR) Post-GHR P-value
 

Glucose (mmol/L) 4.6 (0.1) 5.1 (0.1) 0.003
Insulin (uU/mL) 9.4 (8.1) 12.1 (9.2) 0.03

HOMA-IR 1.2 (1.0) 1.5 (1.1) 0.02
Total Cholesterol (mmol/L) 5.5 (0.9) 5.1 (0.8) 0.06
LDL-C (mmol/L) 3.4 (0.9) 2.9 (0.7) 0.03

HDL-C (mmol/L) 1.2 (0.2) 1.3 (0.2) 0.02
Triglycerides (mmol/L) 1.7 (0.9) 1.7 (0.9) 0.3
 

Data expressed as mean (standard deviation); n= 15.

All parameters measuredin fasting state.

 

 

Table 4
Correlations of hs-CRP levels (pre and post-GHR) to body composition.

hs-CRP pre hs-CRP post

wc Pre P= 0.04, r= 0.58 Post P=0.04, r=0.52

FM Pre P=0.01, r=0.63 Post P=0.01, r= 0.60
BF% Pre P=0.004, r= 0.69 Post P=0.007, r=0.66
BMI Pre P=0.2,r=03 Post P=0.07, r=0.4
IGF-1 Pre P=0.3, r=—0.2 Post P=0.9, r=—0.01
Weight Pre P=0.1,r=0.4 Post P=0.1,r=04
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Fig. 2. Change in hs-CRP (ACRP) levels following GHR wassignificantly correlated
to AWC (P= 0.02), AFFM ({, P= 0.01) and AIL-6 (+, P= 0.001).

Hypopituitary adults with GHD have been shownto have higher

baseline CRP and IL-6 levels when compared to healthy matched

controls in some[25,37,38] but not in other [28] studies. In a mul-

tivariate model, Sesmilo et al. reported that the higher levels of

inflammatory markers (hs-CRP and IL-6) in their study of hypopi-

tuitary adults (all women) were correlated to BMI, estrogen use

and the diagnosis of hypopituitarism itself [38]. When hypopitu-

itary adults with GHD were compared to BMI-matched controls,

significantly higher CRP levels (median 3.5 mg/L vs. 1.22 mg/L, P

< 0.001) was reported in one study [25] while only a trend towards

higher CRPlevels (P = 0.051) was shownin the other[37]. Levels of

IL-6 were higher in hypopituitary patients compared to BMI-

matched and non-obesecontrols in the latter study [37].

Studies in the literature on the effect of GHR in AGHDon con-

centration of hs-CRP have shownvariable results. In six studies,

significant reductions in hs-CRP levels were noted following GH

administration [31,3943]. These studies are, however, not compa-

rable as the dose of GH used and the duration of GHR varied con-

siderably. In contrast,no significant differences in levels of hs-CRP

were noted after GHR in twootherfollow up studies [25,28] both

of which wereof 12 month treatmentduration.

In the current study, physiological GHRresulted in a markedfall

in hs-CRP levels (Fig. 1, P< 0.0001). This represents a near 94%

reduction in levels post-treatment compared to baseline values.

A fall in CRP levels by 3 mg/L wasreported by Colaoetal. [41] with

6 months GHRwhichis of similar duration with the current study.

However, the formerstudy is significantly different from ours for

the following reasons: in their series, the mean BMIof treated pa-

tients was 24+ 1.6, subjects with BMI > 30 were excluded, the

estimated duration of GHD was longer (7.9 + 2.9 years) and the

dose of GH used washigher (8-10 pg/kg/day). In comparison, our

study had a more obese population (mean BMI32), duration of

GHD wasshorter (median 20 months) and we used a smaller but

physiological GH dosing (0.29 mg/day). In all the other studies,

keeping in mind the variation in GH dosing and GHR duration,

the absolute fall in hs-CRP levels reported with GHR is compara-

tively lower (ranging from —1.6 mg/L to —1.9 mg/L) [31,40,42,

43]. Given the knowledge of greater CV mortality in hypopituitary

women andthe relative GH resistance in women [44,45], a study

undertaken exclusively in hypopituitary women demonstrated a

38% reduction in hs-CRPlevels following 6 months GHR (meandai-

ly GH dose 0.67 mg) indicating similar beneficial effects on this

inflammatory markerirrespective of gender [39]. The magnitude

of hs-CRP reduction, in the current study andall the other studies

discussed above, is substantial in terms of cardiovascular risk

reduction when one considers that a reduction in hs-CRP of only

—1.37 mg/L in the CARE study [46] was associated with a 24%

reduction in deaths from coronary heart disease with the use of

pravastatin.
Another interesting observation in this study was that the

reduction of circulating levels of hs-CRP occurred even in the

absenceofany significant changes in body composition. Levels of

this inflammatory marker werecorrelated to indices of adiposity

such as WC, FM and bodyfat% rather than IGF-1 levels and BMI

(Table 4). Further, the changein circulating levels of hs-CRP (ACRP)

following GHR was shownto beara relationship with AWC and

AFFM (albeit minor: —1.6 cm and +0.51 kg respectively) and not

to IGF-1 levels in the linear regression model. These beneficial ef-

fects might therefore point to a down-stream effect of GH on the

secretion of various immunomodulators occurring even before

appreciable changes in body composition have manifested [47].

Circulating levels of IL-6 fell following GHR although this did

not reach significance (P = 0.06). The lack of changein IL-6 levels

reported in our study, has also been shown in previous studies

[25,28,47]. However a significant fall in IL-6 concentrations has

been shown with longer term GHR (6-18 months)[42].

Mostreports in the literature on the influence of GHR on TNF-a

have beenin the paediatric population. When GHDadults and ado-

lescents are considered as a group, significantly higher baseline

TNF-a level have been reported compared to matched controls

and GHRresulted in significant reduction in the level of this

inflammatory cytokine. The reduction in TNF-« is believed to be

a direct effect of GH (possibly on monocyte/macrophage them-

selves) and independent of changes in adiposity or the GH/IGF-1

pathway[47,48]. In the current study however, we found an unex-

pected non-significant rise in the concentration of TNF-a following

GHRthe nature of which weare unable to explain.

Insulin sensitivity as measured by HOMA-IRindex,in the cur-

rent study, worsened following 6 months GHR as compared to

baseline. This was accompanied bya rise in mean fasting glucose

and insulin levels in the absence of any appreciable change in body

composition. The transient worsening ofinsulin sensitivity in the

short term with GHR has beenpreviously described [49,50] but

longer term observational studies have concluded that the sus-

tained beneficial effects of GHR on body composition in AGHD

helps to maintain or even improveinsulin sensitivity [51,52]. Gi-

ven that our study patients were obese at baseline (BMI= 32.4),

the worsening ofinsulin sensitivity in relation to future CV risk

is worrying; but as the period of observation with GHRis ofless

than 12 monthsduration,it is possible that these indices might im-

prove with continued GHR.
Hypopituitary adults with GHD have been shown to have a

dyslipidemic profile with elevated total- and LDL-cholesterol and

somebutnotall studies, additionally reporting reduced HDL-cho-

lesterol and raised triglycerides (Tg) [6,53]. Further, not only does

the severity and duration of GHD influence the adverselipid pro-

file, but also most of the excess CV risk in hypopituitary adultsis

determined by the dyslipidemia associated with untreated GHD

[6,54]. Data on the effects of GHR on lipid parameters in AGHD

have showna decrease in LDL-cholesterol and total cholesterol

with inconsistent increase in HDL-cholesterol and no changes in

Tg levels [6]. In keeping with these observations, our study also

showed favourable improvements in LDL-C and HDL-Clevels with

6 monthsof GHR.
In conclusion, our study has shownthat short term, physiolog-

ical GHRresulted in significant improvements in QOL, WHR,IGF-1

SDS andfasting lipid (LDL-C & HDL-C) levels. We also showed a

marked reduction in hs-CRP levels which wascorrelated to indices

of adiposity (WC, FM and BF%) than IGF-1 levels suggesting a direct

effect of GH on mediators of inflammation. It is also however,

worth bearing in mind that while there is a strongstatistical epide-

miological association between CRPlevels and atherosclerotic CVD,

the actual causal role of CRP in the developmentof CV diseasestill

remains to be established as shownbyrecent studies [55,56]. A

large Danish study examined the association between increased

CRPlevels due to genetic polymorphismsof the CRP gene andin-

creased CV risk and found that the observedrates of ischemic CV
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events werefar lower than that predicted by levels of hs-CRP in the

study population [56]. Similarly, in a large meta-analysis by the

Emerging Risk Factors Collaboration (ERFC) [55], while the concen-
tration of CRP showeda log-linear association with risk of cardio-

vascular disease, the strength of this association wassignificantly

weakened whenadjusted for conventional risk factors. The likely
biological explanation for these findings being that as CRP is an

acute phasereactant, levels of this inflammatory marker can be

influenced by multiple confounding factors such as obesity, smok-

ing and poorphysicalactivity [57]. The recently published primary

prevention JUPITER study [58], on the other hand, reported a 51%

reduction in rates of ischemic strokes with a statin in apparently

healthy individuals with low LDL-C with the only high risk factor

in participants of the study having an elevated hs-CRP ( >2 mg/L)

at baseline. Taken together these data indicate that the causal role

of CRP in the etio-pathogenesis of cardiovascular disease isstill a

matter of debate.

In spite of these uncertainties about the role of hs-CRP,it is

likely that the favourable effects of GHR on four well knownCV risk

markers (hs-CRP, LDL-C, HDL-C and WHR), accompanied bya con-

siderable increase in voluntary physical activity brought about

with GHR,as previously reported by us [33], will help to improve

the cardio-metabolic risk profile of hypopituitary adults. However,

giventhat obesity is highly prevalentin this population [15,16] and

the worsening of insulin sensitivity seen in the short term with

GHR, close monitoring of glucose homeostasis and appropriate

managementof other CV risk factors (such as smoking cessation,

weight management, control of blood pressureandlipids) is essen-

tial to reduce premature mortality from cardiovascular disease in

this patient population.
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