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ABSTRACT 
 
The clinical syndrome of GH deficiency (GHD) is 
characterized by non-specific features including 
variable presence of decreased mood and general 
well-being, reduced bone remodeling activity, change 
in body fat distribution with increased central adiposity, 
hyperlipidemia, and increased predisposition to 
atherogenesis. The goal of GH replacement therapy in 
adults with GH deficiency is to correct the wide 
spectrum of associated clinical alterations. The 
estimated prevalence of GHD is approximately 2-
3:10,000 population. GHD is caused by structural 
pituitary disease or cranial irradiation, and usually 
occurs in the context of additional features of 
hypopituitarism. Pituitary adenomas are the most 
important cause of adult-onset GHD followed by 
craniopharyngiomas, which combined account for 
57% of cases. Less common causes are irradiation, 
head injury, vascular, infiltrative, infectious. and 
autoimmune disease. Diagnosing patients with GHD 
should first of all consider who should be tested for 
GHD, which includes patients at relevant risk with an 
intention to treat, and second which stimulation test to 
be used including the proper diagnostic cut-off 
concentration of GH. The diagnosis of GHD in adults 
is then usually straightforward. Dosage of h-GH 
replacement is dependent on age, and gender with 
adolescents and women usually requiring an 
increased dosage. The dose titration is monitored by 
IGF-I concentrations and apart from that a number of 
organ end points, which may act as ‘biomarkers’ of the 
treatment effects. This chapter provides an update on 
GHD including diagnostic pitfalls, and treatment effect, 
safety, and monitoring. 
 
INTRODUCTION 
 

The term "midget" as description of a proportionate 

dwarf was first used in 1816, but it was not until 1912, 

that Harvey Cushing in “The Pituitary Gland” proposed 

the existence of a "hormone of growth" promoting 

skeletal growth in children (1). Growth hormone (GH) 

or somatrophin was first extracted from cadaveric 

pituitaries in the late 1950es, and other more 

metabolic actions of this hormone in humans were 

described soon after by Maurice Raben (2). The 

purified hormone was initially only used for the 

treatment of short stature in hypopituitary children, 

although Raben already in 1962 described general 

health improvement after injection of GH in a 

hypopituitary adult (2). Further, increasing knowledge 

of GH effects in adults was brought forward by the 

introduction in 1962 by Utiger et al of a 

radioimmunoassay for measuring GH in human serum 

(3). 

 

The clinical syndrome of GH deficiency in adults is a 

consequence of decreased secretion of GH from the 

anterior pituitary. Until thirty years ago it was widely 

held that GH deficiency had little pathophysiological 

consequence despite the previously mentioned earlier 

anecdotal reports suggesting presence of GH-

remediable symptoms of fatigue and decreased 

general well-being which responded to GH 

replacement (2). In retrospect, these observations of 

more than fifty years ago described quite precisely the 

later well-known classical features of the GH 

deficiency syndrome. However, the imitated supplies 

of cadaveric GH and the focus on pediatric usage 

resulted in delayed further elucidation of the adult GH 
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deficiency state. The measurement of serum GH and 

the production of recombinant human GH (rhGH) in 

1981 made studies of GH concentrations in adults as 

well as effects on the human body of GH deficiency 

possible, and clinical studies on replacement with 

rhGH could begin. 

 

The initial pivotal trials of GH replacement therapy in 

adult hypopituitary patients were published in 1989 (4, 

5). Numerous subsequent studies have provided 

compelling evidence for the existence of a syndrome 

of adult GH deficiency (6-8). This is characterized by 

the variable presence of decreased exercise 

tolerance, decreased mood and general well-being, 

reduced bone remodeling activity, change in body fat 

distribution with increased central adiposity, 

hyperlipidemia, and increased predisposition to 

atherogenesis. However, it is important to recognize 

that adult-onset GH deficiency is due to structural 

pituitary or hypothalamic disease or cranial irradiation 

for other pathologies and, therefore, usually occurs in 

the context of additional features of hypopituitarism (9, 

10). For this reason, the clinical features attributable to 

GH deficiency may be compounded by, or directly 

related to, other pituitary deficiencies. Nonetheless, 

the fact that GH replacement therapy may favorably 

alter these clinical features provides considerable 

surrogate evidence for GH deficiency as a causal 

factor. 

 
Adult GH deficiency is thus a well-recognized clinical 
entity. It causes abnormalities in substrate 
metabolism, bone remodeling, body composition, as 
well as physical, and psychosocial function. Since the 
mid 80-ies an improvement has been recognized with 
GH replacement, and this has gradually been 
incorporated in clinical routine based on the few short-
term initial randomized clinical trials, which led to the 
first international consensus guidelines from Growth 
Hormone Research Society in 1997 (11) and updated 
in 2007 (12).

 
 

 
Fig 1. Growth hormone secretion varies throughout life. From: Ho KY et al. (13)     
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Less well recognized is the fact that the early clinical 
trials were based on selected groups of patients with 
very severe hypopituitarism and therefore had a high 
a priory likelihood of severe GH deficiency, there were 
few study participants, short-term treatment, and 
supraphysiological GH doses were calculated based 
on the experience from childhood GH deficiency. 
Despite knowledge of the very high influence of age 
on the secretion of GH (Fig 1) and subsequently on 
Insulin-like-Growth Factor-I (IGF-I) the initial adult 
doses in the studies were nevertheless chosen too 
high (4, 5). Most of the current recommendations and 
guidelines over the years have thus been based on 
subsequent retrospective single center experience or 
data from large surveillance databases run by the 
pharmaceutical industry as the best surrogates for 
efficacy and safety of GH therapy of adult GH 
deficiency (14). The Hypopituitary Control and 
Complications Study (HypoCCS) compiled data from 
5,893 patients on Humatrope® and reported that 
significant shifts in diagnostic patterns have occurred 
over 10 years after approval of the adult GH deficiency 
indication, with a trend to less severe forms of GH 
deficiency (15). This was further documented in a 
recent publication from KIMS (Pfizer’s International 
Metabolic Database) where data compiled over 20 
years were retrieved for a total of 6,069 patients with 
adult-onset GH deficiency and treated with 
Genotropin® from six countries (Belgium, Germany, 
Netherlands, Spain, Sweden, and UK). The degree of 
confirmed GH deficiency became less pronounced 
and more patients with co-morbidities and diabetes 
were considered for GH replacement therapy, possibly 
reflecting increased knowledge and confidence in GH 
therapy gained with time. Thus, the effects of 1 year of 
GH replacement were similar over the entry year 
periods despite changes in the patients’ baseline 
characteristics (16). 
 
Also, less well recognized is the fact that new possible 
indications for testing and treatment of GH deficiency 
have emerged and these very likely have a lower a 
priori likelihood of the disease than the severely 
hypopituitary patients initially investigated thus 
challenging the diagnostic criteria laid down for severe 

GH deficiency. Clinicians are therefore now dealing 
with other patient populations as, e.g. traumatic brain 
injury, where neither testing nor treatment efficacy 
have been scrutinized sufficiently (17) and where 
current guidelines therefore may fail to apply correctly. 
 
This chapter is an update of our chapter from 2017 
which was in turn based on the previous chapter on 
the topic written by John Monson, Antonia Brooke and 
Scott Akker and the update will describe the diagnostic 
procedures, as well as the clinical consequences and 
management of adult patient with GH deficiency. The 
basic physiology of GH and the pathophysiology of GH 
deficiency in adults have been dealt with in other 
Endotext chapters (www.endotext.org). 
 
PREVALENCE, INCIDENCE, AND ETIOLOGY OF 
GH DEFICIENCY IN ADULTS 
 
The true prevalence and incidence rate of adult-onset 
GH deficiency is difficult to estimate with certainty. A 
reasonable estimate of the prevalence may be 
obtained from prevalence data for pituitary 
macroadenomas, which approximate to 1-2:10,000 
population (20-22). Addition of cases of childhood-
onset GH deficiency persisting into adult life gives an 
overall prevalence of 2-3:10,000 population. Incidence 
rates have been assessed in a Danish nationwide 
study based on registries (23), including 1,823 
patients who were divided in males and females with 
childhood and adult onset GH deficiency, respectively. 
The average incidence rates were for childhood onset 
males, 2.58 (95% confidence interval (CI), 2.30-2.88), 
childhood onset females, 1.70 (95% CI, 1.48-1.96), 
adult-onset males, 1.90 (95% CI, 1.77-2.04), and 
adult-onset females, 1.42 (95% CI, 1.31-1.54) all per 
100,000, which are slightly higher than previously 
reported (24, 25). The incidence rate in the Danish 
study was significantly higher in males compared to 
females in the childhood onset GH deficiency group 
and in the adult-onset GH deficiency group in the age 
ranges of 45-64 and 65+years, while there was no 
significant gender difference in the 18-44 years age 
group. The etiology spectrum of GH deficiency is 
summarized in figure 2. 
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Figure 2.  Congenital and acquired causes of growth hormone deficiency 
 
Pituitary adenomas are statistically the most important 
cause of adult-onset GH deficiency followed by 
craniopharyngiomas, which combined account for 
57% of cases in the study based on data from KIMS, 
a multinational, pharmacoepidemiological surveillance 
database for adult hypopituitary patients receiving GH 
replacement with Genotropin® (Table 1) (26). Over a 
decade, there was a decrease in patients enrolled in 

the surveillance databases with diagnoses of pituitary 
adenoma (50.2 to 38.6%; P<0.001); 
craniopharyngioma (13.3 to 8.4%; P=0.005) and 
pituitary hemorrhage (5.8 to 2.8%; P=0.001); 
increases in idiopathic GH deficiency (13.9 to 19.3%; 
P<0.001) and undefined/unknown diagnosis (1.3 to 
8.6%; P<0.001) in HypoCCS(15). 
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Table 1. Etiology in Patients with GH Deficiency (from the KIMS database) 

Etiology category Category components    n Patient-years 

Pituitary adenoma Non-functioning adenoma 5261 28 065 

  Prolactinoma     

  Gonadotropinoma     

  Thyrotropinoma     

Cushing's disease Cushing's disease 859 4814 

Acromegaly Acromegaly 239 1396 

Pituitary atrophy Congenital 2496 10 535 

  Idiopathic     

  Empty sella     

Craniopharyngioma Craniopharyngioma 1562 8392 

Benign tumor/lesion Hamartoma 462 2114 

  Cyst     

  Meningioma     

  Schwannoma     

Aggressive tumor  
(+hematological neoplasm) 

Germ cell tumor 1135 5552 

  Glioma     

  Chordoma     

  Sarcoma     

  Astrocytoma     

  Ependymoma     

  Medulloblastoma     

  Leukemia     

  Lymphoma     

Miscellaneous etiology Traumatic brain injury 1969 8189 

  Subarachnoid hemorrhage     

  Aneurysm     

  Sheehan's syndrome     

  Hydrocephalus     

  Granulomatosis     

  Histiocytosis     

  Hypophysitis     

  Hemochromatosis     

  Missing etiology     

From: Gaillard et al (26)  
 
Irradiation includes both pituitary tumors but also other 
forms of childhood and adult cranial irradiation. Less 
common causes of adult hypopituitarism are head 
injury (27), postpartum ischemic necrosis [Sheehan’s 
syndrome], pituitary apoplexy, infiltrative diseases, 
and autoimmune lymphocytic hypophysitis. Traumatic 
brain injury and subarachnoid hemorrhage are 
increasingly recognized as a cause of hypopituitarism, 
in particular GH deficiency, which the recently updated 

guidelines from American Association of Clinical 
Endocrinologists and American College of 
Endocrinology indicated to be one of the most 
common causes of adult GH deficiency seen in clinical 
practice (18), although data is conflicting (28). Several anti-
cancer drugs modulating the immune system and 
used for antineoplastic purposes may result in 
hypophysitis with hypofunction including GH 
deficiency (29, 30), and the list of drugs influencing GH 
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secretion may be increasing, perhaps also including 
treatment of patient groups with autoimmune 
diseases.  
 
Most cases of adult GH deficiency arise in adulthood, 
but a proportion of them are suffering from childhood 
onset GH deficiency thus also including congenital 
causes. The proportion in each clinical center will 
depend on referral practice. In the Danish nationwide 
study 27% of GH deficiency patients were of childhood 
origin (23). The congenital cases (figure 2) are due to 
structural lesions such as Rathke’s pouch cysts, 
pituitary hypoplasia, and midline defects, or to 
functionally deficient GH biosynthesis and release 
such as pituitary-specific transcription factors 

(PROP1, POU1F1, HESX1, LHX3, LHX4), and LEPR 
or IGSF1. Thus, childhood-onset GH deficiency due to 
proven genetic defects in GH synthesis is never 
reversible and therefore does not require retesting 
prior to treatment on adult indication. The reversibility 
of isolated idiopathic GH deficiency of childhood is on 
the other hand well established with normal GH 
responses on dynamic testing in various series being 
described in between 30 and 70% of subjects with 
confirmed GH deficiencies in childhood at completion 
of linear growth (31-33). Therefore, childhood-onset 
isolated GH deficiency should always be challenged 
by rigorous re-evaluation of causes and retesting at 
completion of final height. 

 

 
Fig 3. Mean (±SEM) serum GH response to insulin hypoglycemia in normal subjects (▲) and obese 
subjects before (●) and after (○) weight loss. From: Rasmussen et al (34).  
 
Isolated idiopathic GH deficiency is not accepted as 
de novo deficiency in adults at this point in time. This 
is particularly important in the assessment of non-
specific symptoms in ageing or overweight persons 
without additional evidence of pituitary disease; body 
mass index of >32 kg/m2 is associated with reduced 
GH reserve on dynamic testing in approximately 30% 
of patients but this is reversible with weight loss (Fig 
3) (34-37). However, combined deficiency of GH and 

other anterior pituitary hormones, in the absence of 
structural disease, may be a feature of an evolving 
endocrinopathy due to deficiencies of the transcription 
factors PIT-1 or Prop-1. These cases, and possibly 
also others, may account for some of the patients with 
isolated GH deficiency developing into multiple 
pituitary hormone insufficiencies in 6-65% of cases 
over time (Fig 4) (38-40). 
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Fig 4. Number of patients with GH deficiency and at least one additional pituitary deficit at baseline who 
developed central hypothyroidism, hypoadrenalism, hypogonadism or ADH deficiency in relation to 
years from baseline. From: Klose et al (38) 
 
The sequence of loss of pituitary functions is displayed 
in Fig 5, demonstrating that GH deficiency usually 
occurs early in the progression of pituitary 
insufficiency, at least in pituitary adenomas (10). 

Normalization of GH but also other deficiencies are 
sometimes observed after selective adenectomy (41-
43).  

 

 
Fig 5. Sequence of pituitary hormone loss in relation to increasing mass effect from a pituitary tumor. 
From: Feldt-Rasmussen & Klose (10) 
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CLINICAL FEATURES OF GH DEFICIENCY IN 
ADULTS 
 
Adult GH deficiency is associated with an extensive 
array of non-specific symptoms and physical signs, 

which are nevertheless recognized by experienced 
endocrinologists to justify their designation as a 
clinical syndrome (6-8, 44). Typical symptoms and 
signs are listed in Table 2. 

 

Table 2. Typical Symptoms and Signs of the Adult Growth Hormone Deficiency Syndrome 

Body composition 

• increased body fat, particularly central adiposity 

• decreased muscle mass 

• decreased muscle function 

Cardiovascular and metabolism 

• decreased sweating and poor thermoregulation 

• decreased insulin sensitivity and increased prevalence of impaired glucose tolerance 

• increased total and LDL cholesterol and Apo B. Decreased HDL cholesterol 

• accelerated atherogenesis 

• a variable decrease in cardiac muscle mass 

• impaired cardiac function 

• decreased exercise capacity 

• decreased total and extracellular fluid volume 

• increased concentration of plasma fibrinogen and plasminogen activator inhibitor type I 

Bones 

• decreased bone mineral density, associated with an increased risk of fracture 

Quality of Life 

• depressed mood 

• reduced concentration 

• increased anxiety 

• fatigue 

• lack of energy levels 

• low self-esteem 

• increased sick days 

• social isolation 

• lack of positive well being 

 
Body Composition and Heart 
 
GH deficiency is characterized by substantial changes 
in body composition with increments in total fat, 
percentage fat, and particularly visceral fat mass (45-
52). Methodologies employed for this purpose have 
included dual energy X-ray absorptiometry (DEXA) 
(53), bioelectrical impedance (6-8), CT scan of specific 
body parts, or the simple measurement of the ratio of 

waist to hip circumference (52-56) (Table 2) and there 
is complete concordance among all studies which 
have examined these aspects in hypopituitary adults. 
Importantly, although the prevalence of obesity is 
increased in hypopituitary adults, the increment in 
visceral fat is also evident in those patients who are 
non-obese (45). In parallel with changes in fat mass, 
lean body mass is reduced. The latter may explain the 
reductions in muscle strength (57-59) and exercise 
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tolerance, which have been documented in adult GH 
deficiency. The degree to which lean body mass is 
reduced is difficult to determine because of the 
reduction in total body water which is also evident in 
the GH deficiency state; body composition 
measurements, particularly bioelectrical impedance, 
may overestimate changes in lean body mass as a 
consequence of alterations in tissue hydration. 
Furthermore, the reduction in extracellular water, 
which is compounded by reduced total body sodium in 
GH deficiency, may be a major factor underlying the 
reported reductions in exercise capacity (60-64). To 
this may be added the effect of reduced left ventricular 
mass and function which have been described in a 
number of studies (65-75), although some of these 
studies on cardiac function in GH deficiency have 
been less clear. 
 
Glucose Metabolism 
 
In contrast to GH deficiency occurring in children, adult 
GH deficiency is associated with relative insulin 
resistance (45, 76-79) and an increased prevalence of 
impaired glucose tolerance and diabetes mellitus (76). 
The adverse changes in insulin sensitivity are 
predictably most obvious in obese patients but are 
also evident in hypopituitary patients with normal body 
mass index in whom the inverse relationship between 
insulin sensitivity and central fat mass, which 
characterizes the 'metabolic syndrome' is clearly seen 
(45, 76-79). It is therefore likely that the changes in 
insulin sensitivity observed in adult GH deficiency are 
due predominantly to increases in central fat mass. 
Interestingly, adult subjects with lifetime congenital 
untreated isolated GH deficiency have reduced β-cell 
function, no evidence of insulin resistance, and a 
higher frequency of impaired glucose tolerance 
(79).Thus, lifetime, untreated isolated GH deficiency 
increases insulin sensitivity, but impairs β-cell 
function, and does not provide protection from 
diabetes (79, 80). It has been postulated that changes 
in body composition and particularly fat mass might be 
a consequence of unphysiological glucocorticoid 
replacement. Against this is the fact that the doses of 
glucocorticoid replacement used in primary adrenal 
failure, which are similar to those used in 
hypopituitarism, are not associated with abnormalities 
of body composition. However, local tissue exposure 

to either endogenous or exogenous cortisol may be 
different in secondary as opposed to primary adrenal 
failure. The GH/IGF-I axis is now recognized to be an 
important modulator of the activity of the enzyme 11b 
hydroxysteroid dehydrogenase Type 1 (11bHSD1) 
(81). This isoenzyme acts as a predominant 
reductase, particularly in liver and adipose tissue, 
increasing the net conversion of inactive cortisone to 
the active cortisol. The activity of the enzyme is 
decreased by GH and, as a consequence GH 
deficiency is associated with a shift in the equilibrium 
set point in favor of cortisol. It is therefore possible that 
the increase in central adiposity, which characterizes 
the GH deficiency state, could be compounded by 
enhanced exposure to cortisol within adipocytes; 
hepatic metabolism might be perturbed by a similar 
mechanism. These mechanisms would tend to 
increase serum cortisol concentrations in patients 
receiving hydrocortisone replacement, which is quite 
often supraphysiological doses, but not in patients with 
intact ACTH reserve in whom negative feedback 
would determine maintenance of stable circulating 
cortisol concentrations. However, GH is also a 
negative determinant of serum cortisol binding 
globulin and therefore comparisons of serum total 
cortisol concentrations between GH deficient and GH 
replete states are not valid. 
 
Atherosclerosis Risk Factors- Lipids and 
Hypertension 
 
Adult GH deficiency is associated with an increase in 
total cholesterol, LDL-cholesterol and apolipoprotein B 
(4-8, 82, 83). A modest decrement in HDL-cholesterol 
has also been described in some studies. These 
changes are evident in both sexes and are 
quantitatively greater in women. Despite GH 
deficiency related sodium and water depletion, an 
increased prevalence of hypertension in adult 
hypopituitarism has been documented and may be 
related to a reduced activity of nitric oxide synthase, 
and consequent increased peripheral vascular 
resistance, as a result of GH deficiency. The changes 
in lipoprotein metabolism, body composition, insulin 
sensitivity, and peripheral vascular resistance 
indicated above would predict increased 
atherogenesis in the GH deficiency state. Indeed, 
several studies have reported an increase in 

http://www.endotext.org/


 

 

 

 

 

www.EndoText.org 10 
 

ultrasonographically determined intima-media 
thickness and plaque formation in large arteries of 
patients with adult-onset GH deficiency as well as in 
adults with childhood-onset disease (84, 85).  
 
Bone Mineralization 
 
Decreased bone mineral density is a recognized 
phenomenon in adult hypopituitary patients (53, 82, 
86-92) and is associated with an increased fracture 
risk (Fig 6) (92-96). Measurements of markers of bone 
formation and bone resorption are consistent with a 
low bone turnover state in GH deficiency. Deficits in 
bone mineral content and density are more striking in 
adults with childhood-onset GH deficiency and this is 
likely to be a consequence of failure to achieve genetic 
potential peak bone mass either because of 
inadequate GH replacement in childhood or its early 
cessation at the time of slowing of linear growth (86). 
Failure to achieve peak bone mass has important 
implications for the future development of 
osteoporosis and fracture risk. In the study by Lange 
et al (96), it was found that patients with idiopathic 
childhood onset GH deficiency, who at retest in 
adulthood did not have GH deficiency according to 
adult criteria, had reduced serum IGF-I and BMD/BMC 
compared to controls. This observation was also made 
in the patients who did have persistent GH deficiency 
in adulthood. The findings may reflect the fact that the 
present diagnostic criteria for adult GH deficiency (i.e., 
response to the ITT) do not reflect the clinical 
consequences of disordered GH-IGF axis in childhood 
onset GH deficiency young adults who were treated 
with GH in childhood. Alternatively, despite seemingly 
adequate GH treatment in childhood an optimal peak 
bone mass in adolescence may never have been 
reached in either of the groups. Noteworthy, IGF-I 

levels correlated with clinical signs of the adult GH 
deficiency syndrome. The situation in hypopituitarism 
is further complicated by the frequent accompaniment 
of gonadal steroid deficiency, often of unknown 
duration, which has a documented effect on the BMD 
(97). In addition, glucocorticoid replacement for 
primary adrenal failure is associated with modest 
reductions in bone mineral density, but over-
replacement in hypopituitary patients does accelerate 
bone loss (98). Thus, glucocorticoid over-replacement 
may increase the prevalence of vertebral fractures in 
patients with untreated GH deficiency. However, 
treatment of GH deficiency seems to protect the 
skeleton from the deleterious effects of glucocorticoid 
overtreatment in hypopituitary patients. Along the 
same line, data suggest that the characteristics of 
patients in the various diagnostic groups of 
hypopituitarism depend on the primary disease which 
resulted in GH deficiency, and that the clinical 
expression of GH deficiency does not differ between 
the groups. Patients with previous hypercortisolism 
showed more long-term effects of their disease, such 
as diabetes mellitus, hypertension, and fractures (99), 
and patients with former Cushing’s disease have more 
fractures (100). Furthermore, Lange et al reported 
abnormal bone collagen morphology and decreased 
bone strength in rats with isolated GH deficiency 
(101), which might provide a co-explanation for the 
increased fracture rate in GH deficiency. Whether 
similar conditions are present in patients with GH 
deficiency needs further study, but results from a 
human study of muscle and tendon biopsies from 
patients with GH deficiency or acromegaly indicated a 
collagen-stimulating role of local IGF-I in human 
connective tissue and add to the understanding of 
musculoskeletal pathology in patients with either high 
or low GH/IGF-I axis activity (102). 
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Fig. 6. Comparisons of the prevalence of (A) all fractures in the EVOS (European Vertebral Osteoporosis 
Study) participants and in KIMS participants over the age of 60 years and (B) all fractures in naïve and 
non-naïve KIMS patients and of fractures of the radius in naïve and non-naïve and in patients with adult 
onset (AO) and childhood onset (CO) disease. From: Wüster et al (92) 
 
Nonetheless, available evidence indicates that 
qualitatively similar changes in bone mineral density 
are found in adult-onset isolated GH deficiency as in 
panhypopituitarism, therefore supporting a role for GH 
deficiency in the pathogenesis. Furthermore, these 
abnormalities in bone metabolism and bone density 
are favorably influenced by GH replacement (see 
later). 
 
Quality of Life 
 
Decreased psychological well-being and quality of life 
(QoL) are recognized as particularly important for 
patients with GH deficiency and from the patients' 
perspective they have arguably become the major 

indication for GH replacement therapy. In some 
countries such as UK, decreased QoL is a needed 
symptom of a certain quantitative level as measured 
by validated GH deficiency questionnaires before 
even considering testing and treatment for GH 
deficiency according to National Institute for Health 
and Care Excellence or NICE (103). QoL is also 
related to a number of other features of GH deficiency. 
Thus Chikani et al. found subnormal anaerobic 
capacity, which independently predicted stair-climbing 
capacity and QoL in adults with GH deficiency. The 
authors concluded that GH regulates anaerobic 
capacity, which determines QoL and selective aspects 
of physical function (Fig 7) (104). 
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Fig 7. Relationship between stair-climb performance and anaerobic power (A) and VO2max (B), and 
between daily step counts quantified by pedometry and anaerobic power (C) and VO2max (D) in the 
combined groups of 13 adults with GHD (●) and matched normal subjects (○). LBM, lean body mass; 

VO2max, maximal oxygen consumption. From: Chikani et al (104) 
 
QoL issues have been examined using various 
generic measures including the Nottingham Health 
Profile and the Psychological General Well Being 
Schedule (105-108). These instruments determine 
various aspects of health-related and needs-based 
quality of life and the most prevalent findings from 
various studies have been deficits in the domains of 
mood, anxiety, and social interaction. In one of the 
studies the Nottingham Health profile was adapted to 
a 9-year follow-up study of adults with untreated GH 
deficiency. During this 9-year study, small but 
significant declines in health were observed in GH-
deficient adults who remained untreated. By contrast, 
the patients who received GH continuously 
experienced improvements in energy levels while all 
other areas of QoL were maintained. The beneficial 

effects of GH on QoL are therefore maintained with 
long-term GH replacement and obviate the reduction 
in QoL seen over time in untreated GH-deficient adults 
(106). Although these findings are readily apparent in 
many patients with adult-onset GH deficiency, it has 
proven more difficult to discern similar phenomena in 
patients with childhood-onset disease. This may be 
due to at least two factors. Firstly, standard generic 
quality of life instruments may be insensitive in the 
investigation of young people and secondly, there may 
be a major element of psychological adaptation or 
decreased expectation when the condition has 
commenced early in life. In an attempt to improve the 
reproducibility of studies of QoL in adults with GH 
deficiency, questionnaires have been developed 
which focus on those symptoms, which are most 
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frequently documented in hypopituitary adults during 
extended open interviews.  
 
One such instrument, which is now widely used for the 
baseline and longitudinal follow-up of patients, is the 
Quality-of-Life Assessment in Growth Hormone 
Deficient Adults (QoL-AGHDA) (107-111), which is 
also the one required by NICE. This is a needs-based 
instrument consisting of 25 questions with a yes/no 
answer format and the final score is obtained by 
summating all the positive responses; a higher score, 
to a maximum of 25, denotes poorer quality of life. The 
questionnaire has been shown to be reproducible in a 
variety of languages and satisfies Rasch analysis 
criteria for unidimensionality, construct validity, and 
hierarchical ordering of items (108).  In the long-term 
KIMS study surprisingly, QoL-AGHDA scores 
increased, indicating worsening of QoL across the 
entry year periods(16). This possibly reflected a 
patient selection bias, due to the change in the 
underlying etiology of GH deficiency: for example, the 
increase in the proportion of patients with traumatic 
brain injury or other less defined diagnoses may affect 
QoL. Alternatively, patients with poor QoL were more 
likely to receive GH treatment (15).      
 
Mortality 
 
Over the past decades it has been increasingly 
recognized that hypopituitarism is associated with 
premature mortality. Studies in Sweden and the UK 
have demonstrated a two-to-three-fold increase in 
standardized mortality ratio, most striking in women 
(112-115). Specific pituitary pathologies, especially 
craniopharyngioma, may convey an increased 
mortality rate, which is likely to be independent of 
specific hormonal deficiencies (114). However, 
bearing in mind the numerical preponderance of 
pituitary macroadenomas as the cause of 
hypopituitarism, the overall findings from these studies 
favor an increase in morbidity and mortality from 
macrovascular disease and, in one of the Swedish 
studies, predominantly cerebrovascular disease 
(113). The increase in cardiovascular mortality in the 
initial Swedish study (116) was paralleled by a 
reduction in deaths from malignant disease in males 
but this has not been a definite feature of subsequent 
observations.  

 
Much debate surrounds the mechanism for increased 
prevalence of vascular disease. These patients were 
replaced with glucocorticoids, thyroxine, and in some 
cases gonadal steroids, which prompted the 
conclusion that untreated GH deficiency was the major 
causal factor (117). However, this interpretation 
assumed that replacement of adrenal and thyroid 
deficiency was optimal and must also take into 
account that estrogen deficiency may not have been 
replaced. In fact, replacement, particularly with 
hydrocortisone, was often supraphysiological (118-
120), while thyroxine replacement was more likely 
underdosed (10, 120-123), and estrogen is often not 
replaced in females of the fertile age (124). Recent 
clinical practice has rectified this mistake and 
consequently hydrocortisone doses are now 
significantly lower and thyroxine doses significantly 
higher than when the original mortality data were 
collected. Anecdotally, a recent paper on lifelong 
untreated isolated GH deficiency due to a mutation in 
the GH releasing hormone (GHRH) receptor gene 
found no alteration of longevity in this highly selected 
genetic background (125). Nonetheless, the fact that 
untreated GH deficiency, in the context of varying 
degrees of hypopituitarism, is associated with an 
adverse cardiovascular risk profile provides 
circumstantial evidence for a causative role for GH 
deficiency to mediate increased rates of vascular 
disease (45, 54, 77, 84, 85).  
 
DIAGNOSTIC PROCEDURES 
 
GH is secreted in a pulsatile fashion with serum 
measurements varying between peaks and troughs, 
the latter falling below the assay detection limit of 
conventional radioimmunoassays. For this reason, a 
diagnosis of GH deficiency cannot be made by 
measurement of baseline serum GH concentration 
although a single serum GH measurement taken 
fortuitously at the time of a secretory peak may serve 
to exclude GH deficiency. Therefore, the diagnosis of 
GH deficiency is dependent on the demonstration of a 
subnormal rise in serum GH in response to one or 
more dynamic stimulation tests. Many diagnostic tests 
have been developed for GH deficiency, most of them 
for patients with established hypothalamo-pituitary 
disease with a high a priori test outcome for deficiency. 

http://www.endotext.org/


 

 

 

 

 

www.EndoText.org 14 
 

The same tests are now also used for diagnosing GH 
deficiency in a number of other potential patient 
populations raising high risk of misuse and wasting of 
resources. Further, the technical performance of 
hormone assays is highly variable among different 
laboratories(126). Thus, diagnosing patients with GH 
deficiency should first of all consider who should be 
tested for GH deficiency, the validity of the chosen 
stimulation test including the proper diagnostic cut-off 
concentration of GH, and the availability of local 
resources and expertise. As stated in the 2019 
ACCE/ACE paper, cases with no suggestive history 
such as hypothalamo-pituitary disease or cranial 
therapy i.e., cases with a low pretest probability or low 

a priori likelihood of GH deficiency (18), GH 
stimulation testing should not be performed. 
 
The recommendations for stimulation testing of 
patients for adult GH deficiency are provided in the 
guidelines mentioned in Fig. 8 (11, 12, 18, 19). 
Noteworthy all guidelines mention the patients eligible 
for testing as having either hypothalamo-pituitary 
pathology, verified GH deficiency in childhood, or have 
had intracranial irradiation. Options include the insulin 
tolerance test (ITT), glucagon test, and combinations 
of arginine and GH releasing hormone (GHRH) or GH 
secretagogues. Recently, the macimorelin test was 
approved for the diagnosis of adult GH deficiency 
(127).  

 

 
Fig 8. Guideline recommendations for whom to test for GH deficiency.  
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Fig 9. Plasma human growth hormone (HGH) and blood glucose concentrations after insulin 
administered intravenously. (PAR, a hypophysectomized patient; other patients, normal). From: Roth et 
al (128)  
 
The first description of stimulation of GH upon 
hypoglycemia was published already in 1963 (128) 
(Fig 9), and the insulin stimulation test (ITT) is still 
considered the ‘gold’ standard stimulation test for GH 
deficiency.  
 
The ITT is the best validated test, and  has been 
demonstrated to distinguish reliably between GH 
responses in patients with structural pituitary disease 
and those of age matched controls across the adult 
age range (Fig 10A) (129). A variety of serum GH cut 
off points have been used to define GH deficiency. 
However, an international consensus (convened by 
the Growth Hormone Research Society) has defined 
severe GH deficiency in adults as a peak response to 
ITT of <3 µg/L (11). 
 
It is essential that the ITT is carried out in dedicated 
units under strict supervision by experienced staff and 
it is contraindicated in patients with epilepsy and/or 
ischemic heart disease. The ITT may have a 
questionable reproducibility, probably due to low 
degree of robustness to everyday life as it strongly 

depends on pre-test events as well as on the patient 
(130, 131). Further, the ITT holds a certain risk 
especially in inexperienced hands (132), although it is 
quite safe in experienced centers (133). 
                            
A particular advantage of insulin and glucagon testing 
is the simultaneous assessment of the adequacy of 
ACTH reserve. Combinations of GHRH and either 
arginine, pyridostigmine (or GH secretagogues) are 
the most potent stimuli of GH secretion and normative 
data for these tests have been set to define GH 
deficiency (28, 134-136). These tests appear to be 
reliable and practical, with few contraindications and 
the GHRH + arginine test may eventually replace ITT 
as the diagnostic test of choice (134, 137) in European 
countries. However, peak GH in response to these 
tests as well as to the glucagon test is highly affected 
by BMI, and thus BMI related cut off levels are 
mandatory (135).  
 
Choice of stimulation test may be quite difficult, and 
the evidence from studies is variable. Furthermore, 
GHRH is not available in USA, which has prompted 
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reassessment of the use of the glucagon as alternative 
test when ITT is contraindicated (18, 138-141). 
However, the diagnostic accuracy of the glucagon 
stimulation test is unclear especially in patients who 
are overweight. Recently, the macimorelin test 

showed promising good overall agreement with the 
ITT at the same cut point, and seemed unaffected by 
BMI, age, and sex (127), and is now considered a 
good alternative.  

  

 
Fig 10. Results of tests of GH deficiency in normal (○) and hypopituitary patients (●). From: Hoffman et 
al (129)  
 
As a result of an age related increase in 
somatostatinergic tone, spontaneous GH secretion 
declines by approximately 14% per decade of adult life 
but this does not alter substantially the response to 
dynamic tests of GH reserve and the same cut-off GH 
concentrations can be used across the age range 
(142). However, several tests pose more risks in 
elderly individuals (e.g., ITT, glucagon) compared to 
the young (141, 143), and older people are more likely 
to be obese with a high waist circumference. They are 
therefore more at risk of getting a false positive test 

outcome (144, 145), at least if not lowering the cut-off 
GH concentration. In general, to avoid misdiagnosing 
hypopituitary patients with GH deficiency, the 
importance of using local laboratory assay and test 
specific cut-off concentrations cannot be 
overemphasized (28, 146-149). 
 
Severe obesity may decrease the GH response to 
insulin hypoglycemia to levels suggestive of GH 
deficiency but this is a completely reversible 
phenomenon if weight loss is achieved (Fig 3) (34). 
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Body composition is by far the most important factor 
that needs to be considered when GH responses are 
evaluated and waist corrected GH-responses may be 
superior to BMI-corrected cut-offs (130). However, 
regarding the impact of BMI or waist circumference on 
GH-responses, further studies are needed to establish 
cut-off values also considering age, sex and ethnicity. 
Glucocorticoid therapy, including substitution therapy, 
probably reduces GH-responses to the GHRH + 
arginine test in line with the PD–GHRH test (150). 
Failure to recognize the impact of obesity on 
stimulated GH secretion may result in a false positive 
diagnosis of GH deficiency (28, 34, 37, 149, 151) and 
it is now standard practice that the diagnosis should 
be made in conjunction with evidence of structural 
pituitary disease and/or the documentation of 

additional pituitary hormone deficiencies. The latter 
provide robust support for a diagnosis of GH 
deficiency because of the increasing probability of GH 
deficiency in the presence of one (c.80%) or more 
(c.90%) additional pituitary trophic hormone 
deficiencies (152, 153) (Fig 11). Sadly, one publication 
(154) documented that many centers do not comply 
with recommendations, since the percent of patients 
meeting recommended test-specific cut points varied 
from 32 to 100%, depending on the stimulation test 
used. There was no mentioning of laboratory or assay 
specific cut-off concentrations. The study thereby 
highlights the need for continued education regarding 
treatment guidelines for adult GH deficiency, including 
the testing procedures. 

 

 
Fig 11. Likelihood of GH deficiency related to number of pituitary hormone deficiencies other than GH 
deficiency. From: Sönksen PH et al. (155) 
 
GH secretory reserve may also be assessed by 
measurement of serum concentrations of the GH-
dependent peptides IGF-I, IGF binding protein 3 
(IGFBP3) and the acid labile subunit of the ternary 
complex (ALS). Of these, IGF-I is the most sensitive 
marker of GH action and provides a reliable test of GH 
reserve in childhood-onset disease. Its diagnostic 
value for GH deficiency is limited by the fact that 
between 30 and 40% of individuals with severe GH 
deficiency of adult-onset will demonstrate a serum 

IGF-I concentration in the low part of the normal age 
related reference range (116). Nonetheless, in the 
absence of liver dysfunction or malnutrition, which 
may secondarily reduce IGF-I generation, and if 
determined in the appropriate clinical context of 
pituitary disease and hypopituitarism, a decreased 
serum IGF-I provides a strong confirmatory indication 
for GH deficiency (129). 
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Testing of patients with suspected non-classical 
causes of hypopituitarism is much more challenging, 
since most available evidence of diagnostic reliability 
has been based on patients with structural 
hypothalamo-pituitary pathology, genetic causes of 
GH deficiency, documented GH deficiency in 
childhood, or brain irradiation. In recent years there 
has been considerable focus on etiologies previously 
considered rare causes of hypopituitarism. Published 
series of hypopituitarism in traumatic brain injury  and 
subarachnoid hemorrhage suggested prevalence 
rates up to 25-50% (17, 156, 157), and both traumatic 
brain injury  and subarachnoid hemorrhage were 
subsequently highlighted in the guidelines as new 

indication for GH testing (12, 19). Still it is notable that 
the large majority of these patients had isolated 
deficiencies and in particular isolated GH deficiency 
(27). Acknowledging the many aforementioned 
caveats for the diagnosis of GH deficiency these 
cases may have been strongly overemphasized also 
because most data were based on only single testing. 
The fairness of such concerns was evident in a Danish 
study showing a low concordance of repeated testing 
for GH deficiency in TBI (Fig 12) (28), which underlines 
the importance of stringent testing including a second 
confirmatory test in patients with low a-priory likelihood 
of GH deficiency. This approach is consistent with the 
ACCE/ACE 2019 guidelines (18). 

 

 
Fig 12. The prevalence of insufficient test responses in the total cohort (A) and in the subgroup 

undergoing dual testing (B). A, Prevalence of insufficient test responses to either ITT or PD-
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GHRH/GHRH-arg (i.e., combined tests) in the total cohort of TBI patients (black columns) and healthy 

controls (white columns), respectively, as defined by either local or guideline-derived cutoffs. 

Whiskers indicate the 95% CI. GHD was more frequently diagnosed in TBI patients tested by a 

combined test as compared with ITT, and even more so if guideline cutoff values were applied instead 

of local cutoffs. The results from healthy controls illustrate the high false-positive rate resulting from 

application of guideline-derived cutoffs, which was significantly above the generally accepted 2.5% for 

the combined tests (P = .02). *, P < .005 compared with patients. B, Prevalence of insufficient test 

responses in the subgroups of patients (black columns, n = 169) and controls (white columns, n = 117) 

undergoing dual testing, as defined by either local cutoff values or guideline-derived cutoff values. 

Confirmed insufficiency was defined as a concordant positive result to both the ITT and a combined 

test. Whiskers indicate the 95% CI. [Reproduced with permission]. From: Klose et al. (28) 

 
Main Conclusions  

 
True GH deficiency is an important clinical entity that 
should be tested, treated, and managed properly. On 
the other hand, it is important to avoid false diagnosis, 
which might lead to unnecessary life-long therapy with 
GH replacement. 
 
The diagnosis of GH deficiency is rather simple in 
patients with a typical structural pathology in the 
hypothalamo-pituitary region, especially in cases of 
multiple pituitary hormone deficiencies and low IGF-I 
concentrations, where the likelihood of GH deficiency 
exceeds 97% (Fig 11), and a stimulation test is rarely 
indicated (Fig 8). In all other cases a stimulation test is 
needed for the diagnosis and in some patients 2 tests 

should be performed in order to avoid the risk of 
overtreatment on a false basis. The knowledge of 
one’s own laboratory performance as well as own 
reference population data with BMI cut offs for control 
persons is crucial in interpretation of results. The same 
holds true for the testing of the other hormone axes, 
some of which have similar challenges in diagnosing 
correctly in hypothalamo-pituitary disease states. 
 
New indications for GH deficiency testing should not 
be accepted without prior stringent evaluation of test 
reliability for the particular condition in question by 
several tests, and preferably in different laboratories, 
given that the classical GH deficiency phenotype such 
as obesity, fatigue and QoL often has other causes 
than GH deficiency. 
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Table 3. Strategy for Diagnosing Adult GH Deficiency for the Purpose of 

Replacement Therapy 

• Assess basis for hypopituitary diagnosis 

• Check if the patient is eligible for GH replacement 

• Measure IGF-I age related reference SDS – if below 0 SDS continue testing 

• Assess number of other pituitary hormone deficiencies 

• Make sure other pituitary hormone deficiencies are properly replaced 

• Choose GH stimulation test(s) 

• Perform stimulation test according to:  
o Guidelines 
o Proper local test validation 
o Own reference cut off based on local assay and normal reference 

population 
o BMI 
o Other confounders 

• MR/CT scan of pituitary in patients with abnormalities 

• QoL assessment (e.g., QoL-AGHDA)(requirement in UK) 

• Severe GH deficiency as defined by the respective GH stimulation tests (fig. 8) 
 

GH: Growth Hormone; SDS: Standard Deviation Score; IGF-I: Insulin like Growth factor-I; BMI: Body mass index; 
MR: Magnetic Resonance; CT: Computer Tomography; QoL: Quality of Life; AGHDA: Adult growth hormone 
deficiency assessment. 
 
RESPONSE TO GH REPLACEMENT IN ADULT 
GROWTH HORMONE DEFICIENCY 
 
Quality of Life and Psychological Well-Being                
 

Potentially, the greatest immediate indication for 
growth hormone supplementation is in patients who 
are assessed as having impaired QoL, and this is in 
some countries, such as the UK, a prerequisite for 
reimbursement (table 4) (103). This recommendation 
from NICE is unchanged and has not been updated. 
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Table 4. NICE Recommendations for Treatment with Growth Hormone 

NICE has recommended that recombinant human growth hormone should be used only 

for adults with severe growth hormone deficiency that is severely affecting their quality of 

life. To be a part of this group, NICE says a person should:  

● have a peak growth hormone response of less than 9 mU/L (<3 µg/L) in the ‘insulin 

tolerance test’ for growth hormone deficiency or a similar low result in another reliable test, 

and  

● have an impaired quality of life because of their growth hormone deficiency (judged 

using a specific questionnaire called the 'Quality of life assessment of growth hormone 

deficiency in adults’ designed to assess the quality of life in people with growth hormone 

deficiency; a person should score at least 11 in this questionnaire), and  

● already be receiving replacement hormone treatment for any other deficiencies of 

pituitary hormones if he or she has one or more other deficiencies. 

From: NICE guidelines (103)  
 
The early high dose placebo controlled trials 
suggested that around 50% of these patients 
demonstrated a significant improvement and a desire 
to continue with replacement longer term (8). The 
greatest benefit was shown in patients who had 
severe GH deficiency and greater distress, in terms of 
energy and vitality, prior to commencing GH. More 
recent experience using lower doses with fewer side 
effects, also indicated clear improvement with wish to 
continue in >90% of patients selected on the basis of 
a perceived QoL deficit (53, 158). A six-month course 
of optimally titrated GH replacement is usually needed 
before the benefits can be assessed clearly, although 
many patients show a substantial improvement in QoL 
within three months. For reasons that are unclear, a 
small proportion of patients (<20%) may not 
demonstrate significant subjective benefit in QoL until 
9 to 12 months after commencing treatment (159). It is 
important to recognize that the time taken to achieve 
a maintenance dose of GH may extend to 12 weeks in 
some patients and is longer on average in women than 
in men; this should be recognized in therapeutic trials 
of GH replacement with a finite time frame. It is clear 
that the time taken to derive subjective benefit from 
GH replacement in many patients provides strong 
evidence against a pure placebo effect in this respect. 
Furthermore, the duration of benefit in QoL, which has 
been observed for periods of up to 10 years, is 
similarly indicative of a therapeutic rather than a 

placebo phenomenon (106, 111, 160). Patients QoL 
improves most rapidly in the first 12 months of 
treatment, but even after this there is continued 
improvement towards the country specific population 
mean, with particular improvement in problems 
socializing, tenseness, and self-confidence, which 
normalize to the background population (161). The 
improvement is seen in patients with all etiologies of 
GH deficiency including previous acromegaly (162-
164), isolated GH deficiency (56) and previous 
Cushing’s disease (99, 100). However, not all aspects 
of QoL normalize and this is particularly true in patients 
under 60 yrs of age.  
 
The reasons for the differences in QoL outcome 
between the early studies and current clinical practice 
has been the subject of much debate and at least three 
factors are likely to be particularly relevant. Firstly, the 
initial randomized control trials utilized GH doses 
based on body weight or surface area and did not take 
account of the substantial variation in individual 
responsiveness to GH occurring as a result of gender 
and other factors. This strategy resulted in excessive 
GH doses in men and obese subjects and relative 
undertreatment of women. The adverse symptoms 
associated with excess GH doses included arthralgia 
and myalgia, due to GH-induced anti-natriuresis, and 
it is probable that these factors may have obscured 
potential subjective benefit. In addition, it is probable 
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that the strict entry criteria inherent in any placebo-
controlled study designed to prove concept may have 
inadvertently eliminated patients who were most likely 
to demonstrate a benefit in QoL (Table 3) (164). 
Finally, the current strategy of GH replacement is not 
to await the full-blown phenotype to develop, but 
rather to start replacement as soon as the diagnosis is 
made, as with any other hormone replacement. 
 
These latter phenomena are readily evident when 
baseline indices of QoL in patients enrolled into 
randomized control trials are compared with those of 
patients commencing GH replacement selectively in 
the clinical practice setting (53, 158, 165), and even 

more so with the changed selection of patients eligible 
for GH replacement over the years (16). 
 
The mechanism for the beneficial effect of GH on well-
being and QoL remains speculative (164). GH has 
been shown to cross the blood brain barrier (166, 167) 
and to exert physiological effects in the central 
nervous system as evidenced by the generation of 
neurotransmitters (166), an effect reduced by 
progressive aging (168, 169). However, the effects of 
GH in restoring normal hydration and increasing 
exercise capacity are additional potential contributors 
to the positive effects on well-being (170). 

 

Table 5. Effects of Growth Hormone Replacement Therapy on Quality of Life in Adults 

in Published Trials  

Reference GHD 

onset 

(etiology) 

N Dosage 

per day 

or 

titration 

Durati

on 

Design 

(Control

s) 

Tests Change in 

QoL in the 

GHD 

adults 

Baum et al  

(1998) 

AO 40 2-6 μg/kg 18 m PCDB NHP 

PGWB 

GHQ 

MMPI-2 

Cognition 

tests 

= cognition, 

QoL 

Burman et 

al  

(1995) 

Mostly  

AO 

36 2-4 U 21 m  PCDB NHP 

PGWB 

HSCL 

Spousal 

report 

↑ QoL 

placebo + 

GH  

groups 

(HSCL) 

↑QoL GH 

group 

(NHP, 

spousal 

report) 

McGauley 

et al (1989) 

Mostly 

AO 

24 0.07 U/kg 6 m PCDB NHP 

PGWB 

GHQ 

↑ subjective 

well-being 

↑ QoL 

(NHP) 

↑ QoL 

(PGWB) 
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Soares et 

al  

(1999) 

Not stated 9 0.035 

U/kg 

6 m PCDB HDS 

BDI 

Cognitive 

tests 

↑ QoL, 

cognition 

Attanasio 

et al (1997) 

AO+ CO 173 12.5 

μg/kg 

18 m 6m 

PCDB 

12 m 

open 

NHP =mobility, 

energy (6 

m) 

↑mobility, 

energy 

(12m) 

Beshyah et 

al  

(1995) 

AO+ CO 40 0.04 U/kg 18 m 6m 

PCDB 

12 m 

open 

CPRS 

GHQ 

↑QoL 12m 

(CPRS) 

↑QoL 6m 

placebo 

(GHQ) 

Caroll et al 

(1997) 

Not stated 42 0.024 

(6m) 

0.012 

(6m) 

μg/kg 

12 m 6m 

PCDB 

6m open 

NHP 

PGWB 

↑ QoL on 

both scales 

↑ NHP 

score in 

placebo 

Mahajan et 

al  

(2004) 

AO+CO 25 0.04 (1m) 

0.08 (1m) 

mg/kg/we

ek, 

Normal 

IGF-I 

4 m PCDB 

Cross 

over 

NHP 

HDRS 

MADRS 

=mobility, 

pain 

↑energy 

and 

emotional 

reactions 

↓social 

isolation, 

sleep 

disturbance 

↓depressio

n 

Mardh et al  

(1994) 

AO 124 Not 

stated 

12-18 

m 

6m 

PCDB 

6-12m 

open 

NHP 

PGWB 

↑ QoL 

(NHP) 

↑ Well-

being 

Urushihara 

et al (2007) 

AO+CO 64 0.021-

0.042-

0.083 

16 m 24 weeks 

DBPC 

48 weeks 

Open 

SF-36 ↑ physical 

functioning 

and general 

health (AO) 
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mg/kg/we

ek, 

Normal 

IGF-I 

↓social 

functioning 

and mental 

health (CO) 

Wallymah

med et al 

(1997) 

Mostly 

AO 

32 0.018 

(1m) 

0.035 

(5m) 

U/kg 

12 m 6m 

PCDB 

6m open 

GHD-LFS 

GHD-IS 

NHP 

HADS 

SES 

MFS 

↑ Self 

esteem 

↑ Energy 

and 

emotional 

reaction 

(transient) 

Bengtsson 

et al (1993) 

AO 10 13-26 

μg/kg 

6 m  PCDB 

Cross-

over 

CPRS 

SCL-90 

↑ QoL 

(CPRS) 

= QoL 

(SCL-90) 

Degerblad 

et al (1990) 

AO 6 0.07-0.09 

U/kg 

3 m  PCDB 

Cross-

over 

Mood 

questionna

ires 

Psychomet

ric 

Testing 

= mood, 

cognition 

↑ vitality, 

mental 

alertness 

Whitehead 

et al (1992) 

AO+ CO 14 0.07 U/kg 6 m PCDB 

Cross-

over 

PGWB = QoL, but 

no ↑ IGF-I 

Cuneo et 

al 

(1998) 

Mostly  

AO 

166 0.018 (1 

m) 

0.036 

(11m) 

U/kg 

12 m 6m PC 

6m open 

NHP 

GHDQ 

Social 

history 

↑ QoL 12m 

(NHP) 

= QoL 

(GHDQ) 

Deijen et al  

(1998) 

CO (men) 48 1-3 U/m2 24 m PC Psychologi

cal 

Testing 

= well-

being 

↑ memory 

Florkowski 

et al 

(1998) 

AO+ CO 20 0.035 

U/kg 

3m Randomi

zed 

PC 

Cross-

over 

DSQ 

SCL-90 

SAS 

↑ QoL 

placebo + 

GH 

groups 

Giusti et al  

(1998) 

AO 25 0.5-1 U 6 m Randomi

zed 

PC 

HDS 

KSQ 

↑ QoL 

(HDS) 

= KSQ 
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Miller et al  

(2010) 

AO 

(Acromeg

aly) 

30 Normal 

IGF-I 

6 m Randomi

zed PC 

AGHDA 

SF-36 

SQ 

↑ QoL 

(AGHDA) 

↑ vitality, 

mental 

health, soc 

functioning, 

general 

health 

↓ role 

limitation 

Verhelst et 

al  

(1997) 

Mostly 

AO 

148 0.035 

U/kg 

24 m 6m PC 

18m 

open 

NHP 

Social 

history 

↑ QoL 

placebo + 

GH 

↓ sick leave 

 

hospitalizati

on 

Ahmad et 

al  

(2001) 

AO 46 Normal 

IGF-I 

3 m Open AGHDA ↑ QoL after 

1 and 3 m 

Abs et al 

(2005) 

AO+CO 

(IGHD) 

177

5 

Not 

stated 

12 m Open 

(MPHD) 

AGHDA ↑ QoL 

IGHD+MPH

D 

IGHD=MPH

D 

Drake et al  

(1998) 

AO 50 Normal 

IGF-I 

6 m Open AGHDA ↑ QoL after 

3 and 6 m 

Follin et al.  

(2010) 

CO (ALL) 13 0.2-0.8 

mg/d 

60 m Open 

(No GH) 

Symptom 

checklist-

90 

ISSI 

= QoL 

Gibney et 

al  

(1999) 

AO+ CO 11 0.025 

U/kg 

120 m  Open 

(No GH) 

NHP ↑ QoL 

(NHP), 

energy,  

emotional 

reaction 

Gilchrist et 

al  

(2002) 

AO+ CO 61 Not 

stated 

108 m Open 

(No GH) 

NHP 

PGWB 

↑ energy 

(NHP) 

↑ vitality 

(PGWB) 
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Hernberg-

Stahl 

et al (2001) 

AO 304 0.125-

0.25 U/kg 

12 m Open AGHDA ↑ QoL after 

1 m, 

higher after 

3 m 

Höybye et 

al  

(2010) 

AO (CD) 107

0 

Normal 

IGF-I 

36 m Open 

(NFPA) 

AGHDA ↑ QoL 

CD+NFPA 

CD > NFPA 

Kelestimur 

et al (2005) 

AO (SS) 143  Normal 

IGF-I 

24 m Open 

(NFPA) 

AGHDA ↑ QoL 

SS+NFPA 

SS=NFPA 

Klose et al. 

(2009) 

AO 

(IGHD) 

115

2 

Normal 

IGF-I 

24 m Open 

(MPHD) 

AGHDA ↑ QoL 

IGHD+MPH

D 

IGHD=MPH

D 

Koltowska-

H et al 

(2006) 

AO 111

7 

Normal 

IGF-I 

1 – 8 

yrs 

Open AGHDA ↑ QoL 

Kreitschma

nn-

Andermahr 

et al. 

(2008) 

AO+CO 

(TBI) 

41 Normal 

IGF-I 

12 m Open 

(NFPA) 

 

AGHDA ↑ QoL 

TBI+NFPA 

GHD TBI = 

GHD NFPA 

Link et al.  

(2006) 

CO (ALL) 14 Normal 

IGF-I 

12 m Open Neuropsyc

ho- 

logical 

testing 

= 

Maiter et al  

(2006) 

AO+CO 

(irradiated

) 

107

7 

Normal 

IGF-I 

12 m 

24 m 

Open 

(non-

irradiated

) 

AGHDA ↑ QoL 

irradiated+n

on-

irradiated 

irradiated=n

on-

irradiated 

Moock et 

al. 

(2009) 

Mostly AO 651 Normal 

IGF-I 

12 m Open AGHDA ↑ QoL 

Mukherjee 

et al (2005) 

AO+CO 

(cancer 

survivors)  

97 Normal 

IGF-I 

3-13 m 

24-77 

m 

Open 

(pituitary 

pathology

) 

PGWB 

AGHDA 

↑ QoL 

cancer+pit. 

GHD 

cancer 
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survivors = 

pituitary 

pathology 

Mukherjee 

et al (2005) 

AO+CO 30 Normal 

IGF-I 

3 m 

6 m 

Open PGWB 

AGHDA 

↑ QoL 

Murray et 

al  

(1999) 

AO + CO 65 Normal 

IGF-I 

8 m Open PGWB 

AGHDA 

↑ QoL  

Murray et 

al  

(2001) 

CO 

(cancer) 

27 Normal 

IGF-I 

18 m Open PGWB 

AGHDA 

↑ QoL 

(large, 3 m) 

Rosilio et 

al  

(2004) 

AO + CO 576 Normal 

IGF-I 

12 m 

48 m 

Open QLS-H ↑ QoL 

Van der 

Klaauw et 

al. (2009) 

AO 

(Acromeg

aly) 

16 Normal 

IGF-I 

12 m Open HADS 

MFI-20 

NHP 

AGHDA 

= QoL 

Verhelst et 

al.  

(2005) 

AO (CP) 721 Normal 

IGF-I 

24 m Open 

(NFPA) 

AGHDA ↑ QoL 

CP+NFPA 

CP = NFPA 

Wiren et al  

(1998) 

AO + CO 71 6-12 

μg/kg 

20-50 

m 

Open NHP 

PGWB 

↑ QoL 

QoL, quality of life; GHD, growth hormone deficiency; AO, adult onset; CO, childhood onset; ALL, acute 
lymphoblastic leukemia CP, craniopharyngioma; CS, Cushing’s Disease; NFPA, non-functional pituitary 
adenoma; SS, Sheehan’s syndrome; TBI, traumatic brain injury; n, number of subjects; PC, placebo-controlled; 
PCDB, placebo-controlled, double-blind; open, open label; Tests used to quantify QoL  ↑, =, ↓, change in QoL 
parameter in GH-treated patients and when available compared to controls (Modified and updated from Hull and 
Harvey(171) with permission from the authors). From: Klose et al (164) 
 
Body Composition: Fat Mass, Fat Distribution, 
and Lean Body Mass 
 
GH replacement produces a significant redistribution 
of body mass, decreasing body fat, and particularly 
central fat, and increasing lean body mass (6-9, 172). 
Body fluid balance is also restored. The beneficial 
effects of GH on total body fat and its distribution have 
been examined by means of dual energy X-ray 
absorptiometry (DEXA), computerized tomography 
(CT), bioelectrical impedance, and ratio of waist to hip 
circumference (55, 173) (fig 13) and qualitatively 

similar results have been obtained with excellent 
concordance between virtually all reported studies. 
The restoration of normal total body water may result 
in an artefactual increment in determinations of lean 
body mass particularly when the latter is measured by 
bioelectrical impedance. The abnormal fat distribution 
in GH deficiency is characterized by an increase in the 
ratio of waist to hip circumference and during long term 
follow up, serial measurement of waist circumference 
provides a simple, rapid and reproducible means of 
monitoring improvement in body fat distribution. 
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Fig. 13. Median waist/hip ratio at 0, 6 and 12 months after commencement of GH replacement, men versus 
women. From: Data from Drake et al (173)  
 
Reductions in body fat are attributed to the lipolytic 
effect of GH but additional indirect hormonal effects 
may be important. The conversion of thyroxine to 
triiodothyronine was shown to be enhanced by GH in 
early studies of GH replacement (123, 174) although 
this is a dose related phenomenon and is less evident 
with the lower doses in current use. However, 
levothyroxine replacement has very likely not been 
optimal (121, 122), and increased dosages have 
improved the lipids over time (121, 122). Also, the 
enzyme 11ßHSD1 that reduces cortisone to the active 
hormone cortisol shows increased activity in the GH 
deficient state and is normalized by low dose GH 
replacement (81); the consequent increase in cortisol 
metabolism may result in reduced tissue specific 
exposure to glucocorticoid in adipocytes and 
hepatocytes (81). The latter effect provides an 
additional explanation for decreased total and central 
fat mass during GH replacement. 
 
Serum Lipoprotein Profiles  
 
The effect of GH replacement on lipoprotein profiles 
has been examined in numerous studies using 
differing dose regimens. Regardless of whether the 
GH dose has been based on body weight or titrated 

against serum IGF-I the universal finding has been a 
reduction of serum total cholesterol, accounted for 
virtually entirely by a reduction in LDL-cholesterol (48, 
69, 160, 175-182). The extent of this reduction is 
greatest in those patients with higher baseline serum 
cholesterol (fig 14), and independent on obesity 
variables (182). The median change in an unselected 
hypopituitary population is between 0.3 and 0.4 
mmol/L (48, 175). Importantly, the improvement in 
LDL-cholesterol is additive to the effects of HMG CoA 
reductase inhibitors if the patient is receiving 
concurrent therapy and possibly even synergistic 
(173), as well as synergistic with optimization of 
levothyroxine therapy (120-123). The degree of 
reduction of serum LDL-cholesterol during GH 
replacement would predict an overall reduction in 
cardiovascular events in the range of 20%. In addition, 
some studies have documented an increase in serum 
HDL-cholesterol, but serum triglyceride levels remain 
unchanged. Serum lipoprotein(a) has been shown to 
increase in some studies in patients who 
demonstrated favorable changes in LDL-cholesterol 
(45, 183, 184) but the data remain somewhat 
contradictory by virtue of lipoprotein(a) assay 
differences; the overall significance in terms of 
cardiovascular risk is unclear (185). 
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Fig 14. Relationship between the lowering of cholesterol (∆Cholesterol) and the pretreatment serum 
Cholesterol concentration. Derived from data from Florakis et al (175)  
 
Carbohydrate Metabolism and Insulin Sensitivity  
 
Untreated GH deficiency of adult onset is associated 
with reduced insulin sensitivity, which is, at least in 
part, related to increased central adiposity (45, 77). 
The latter improves within the first 3 months of GH 
replacement but this does not result in an immediate 
improvement in insulin sensitivity (45). In fact, 
because of the antagonistic effects of GH on the 
actions of insulin mediated by hepatic effects, and the 
increase in circulating free fatty acids, there is on 
average a further decline in insulin sensitivity, which 
subsequently returns to baseline over the first year of 
GH replacement therapy (77). The decline in insulin 
sensitivity during GH therapy is associated with a 
slight elevation of fasting plasma glucose and a 
parallel increase in glycated hemoglobin, both within 
the normal reference range. Importantly, the 
increment in glycated hemoglobin is not evident in 
patients with prior abnormalities of glucose tolerance 
but is significantly correlated with baseline body mass 
index, the latter emphasizing the importance of 
additional dietary and lifestyle advice in these patients.  
 
Reference to the KIMS database indicates that there 
is an increased baseline prevalence of impaired 
glucose tolerance and diabetes mellitus prior to 

commencing GH replacement but subsequently the 
incidence of new cases of diabetes is not increased 
provided the body mass index is accounted for. Thus, 
a recent study of data from the NordiNet® surveillance 
database concluded that 4 years' GH-replacement 
therapy did not adversely affect glucose homeostasis 
in the majority of adults with GH deficiency (186). Yet, 
the long-term effects of GH replacement on insulin 
sensitivity can still not be considered quite clear 
although they are likely to vary depending on age, 
duration of pituitary disease, and increase in 
weight/BMI/waist circumference. 
 
Cardiac Function 
 
The GH/IGF-I axis is a recognized modulator of 
cardiac function and a positive inotropic effect of 
GH/IGF-I occurs early in the natural history of 
acromegaly. In contrast, GH deficiency is associated 
with a reduction in left ventricular wall mass and 
cardiac output, which is most evident in childhood-
onset disease. The variable discordance between 
childhood-onset and adult-onset GH deficiency in this 
regard is likely to be due to additional factors impacting 
on cardiac morphology in adult-onset, including an 
increased prevalence of hypertension. GH 
replacement results in increased left ventricular wall 
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mass, fractional shortening, stroke volume and 
favorable changes in the echocardiographically 
determined e/a ratio reflecting improved diastolic 
function (8, 65-75). In some studies, in adult-onset 
patients, left ventricular hypertrophy has been 
documented during GH replacement, confirming 
further the heterogeneity in response to GH 
replacement. Importantly, GH replacement does not 
increase blood pressure; in fact, a modest reduction 
may be seen in patients with pre-existing hypertension 
reflecting increased generation of nitric oxide as a 
result of activation of nitric oxide synthase. 
 
Exercise Capacity and Performance  
 
Increased exercise capacity, as measured by maximal 
oxygen uptake, power output, and isometric muscle 
strength, has been observed during GH replacement 

in GH deficient adults (63, 64, 187, 188). A meta-
analysis concluded that evidence from short-term 
controlled studies failed to support a benefit on muscle 
strength of GH replacement in GH deficient patients, 
which is likely to occur over a longer time-course, as 
seen in open-label studies (188) (Fig 15). 
 
The impact of these changes for individual patients is 
variable and dependent on age and previous exercise 
requirements. It is intuitively probable that the 
improvements depend at least in part on 
improvements in lean body mass. However, 
restoration of normal circulating volume may also play 
a positive role (170). In addition, improvement in 
psychological well-being might be expected to 
enhance physical activity whilst the latter may have a 
reciprocal beneficial effect on well-being. 

 

 
Fig 15. Per cent change from baseline in lean body mass (Panel A), fat mass (Panel B), anaerobic power 
(Panel C) and VO2max (Panel D) following 1 month of placebo and 1 month of GH (randomized controlled 
study) and 6 months of GH (open-label study) in 18 patients with GH deficiency. From: Chikani et al (170). 
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Indices of Bone Remodeling and Bone Mineral 
Density  
 
GH deficiency is associated with reduced activity of 
bone formation and resorption. GH replacement 

reverses this situation rapidly resulting in increases in 
markers of bone formation (e.g., osteocalcin and bone 
specific alkaline phosphatase) and bone resorption 
(e.g., urine deoxypyridinoline) (Fig 16) (189).  

 

 
Fig 16. Markers of bone turnover during 18 months of GH (▲) treatment in a randomized, placebo- 
controlled (O), double blinded study. Values are given as means (^S.E.). The P values for differences of 
change from baseline between GH- and placebo-treated patients are *P, 0:05; **P, 0:01; ***P, 0:001; ****P, 
0:0001: Creat, creatinine. From: Sneppen et al (189).  
 
This increase in bone metabolism eventually results in 
an increase in bone mineral density (BMD) but this is 
not evident for approximately 18 months of treatment 
and is preceded by a reduction attributable to an 

increase in the bone remodeling space (53, 93, 189-
197). The fact that BMD increases under the influence 
of GH replacement at physiological doses provides 
important surrogate evidence for an etiological role for 
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GH deficiency in mediating the reduced BMD 
observed in hypopituitarism. The improvement is 
quantitatively more obvious in men than women 

despite the achievement of similar serum IGF-I SD 
scores and therefore constitutes a genuine difference 
in gender susceptibility (fig 17).  

 
 

 
Fig 17. Bone mineral density of the lumbar spine during long-term GH replacement therapy. From Drake 
et al (173).  
                                         
Although the improvement in BMD would predict a 
reduction in fracture rates confirmation of this 
necessitates long term follow up. Evidence is now 
emerging supporting a lower fracture risk with GH 
replacement (92, 198). A prospective cohort study has 
shown that GH deficient patients treated with GH 
before the onset of osteoporosis have a lower fracture 
risk than those untreated, over a mean follow up of 4.6 
years (SD 3.8)(199). Increased fracture risk in child 
onset GH deficiency women can most likely be 
explained by interaction between oral estrogen and 
the GH-IGF-I axis. The adequate substitution rate of 
testosterone (90%) and GH (94%) may have resulted 
in significantly lower fracture risk in adult-onset GH 
deficiency men (198). Finally, although in vitro studies 
have shown that GH has a direct effect on bone 
remodeling, present physiological concepts and the 
results of clinical trials from 1996 to 2008 suggest that 
the anabolic changes in muscle mass and strength 
may also contribute to changes in BMD/BMC in GH-
treated adult GH deficiency patients (200). 
 

GH REPLACEMENT IN ELDERLY 
HYPOPITUITARY PATIENTS 
 
Published work indicates that the baseline 
characteristics and response to GH replacement in 
hypopituitary patients aged over 65 years are 
qualitatively similar to those in younger patients (52, 
201-203). Importantly, GH deficiency in the elderly is 
distinguishable on dynamic tests from the well-
recognized physiological reduction in spontaneous 
GH secretion with advancing age (142). It is therefore 
appropriate to consider older hypopituitary patients for 
GH replacement and to apply similar criteria to those 
outlined above. Elderly people with GH deficiency, in 
particular women, require less GH than at their earlier 
age, since they will be either spontaneously 
postmenopausal or taken off estrogen replacement.  
 
TRANSITION BETWEEN PEDIATRIC AND ADULT 
CARE FOR CHILDHOOD ONSET GH DEFICIENCY 
 
The transition from childhood into adulthood is 
generally a very vulnerable period in any young 
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person’s life. It is therefore pertinent to make the 
transition as smooth as possible. The best way to do 
this is to have common transition clinics with both a 
pediatrician and adult endocrinologist having joint 
consultations to prepare the adolescent for what is 
going to happen. The timing can be somewhat 
individual but aiming at a time around final height and 
completion of puberty seems appropriate. The 
pediatrician should prepare the child for this/these 
consultation(s), and the adult endocrinologist taking 
over future follow up needs to be aware of the fact that 
obtaining final height and a post pubertal state does 
not mean that the adolescent is fully matured in a 
physiological as well as psychological sense.    
 
It is important to confirm persistence of GH deficiency 
at the time of completion of linear growth, particularly 
in children with isolated GH deficiency (18). In the 
presence of a structural lesion in childhood and 
multiple hormone deficiencies or some genetic 
causes, a low IGF-I (in the absence of poorly 
controlled diabetes, liver disease, or oral estrogen) is 
sufficient to confirm GH deficiency, without a 
stimulation test (19). Subsequently, decisions must be 
taken regarding recommencement of GH or 
longitudinal clinical observation off treatment. 
Arguments supporting continuation of GH therapy 
include the observation of increased accumulation of 
fat mass off treatment (204, 205) and continued 
acquisition of bone mass in young adults continuing 
GH in contrast to static bone mass in those 
discontinuing treatment at the time of completion of 
linear growth (206). There is no detriment seen in QoL 
in those patients who withdraw from GH at the 
completion of linear growth. There is an apparent 
improvement in insulin sensitivity but, as is the case 
during normal puberty, this may not be beneficial in the 
context of continuing somatic development. Given that 
the major indication for adult GH replacement is the 
impairment of QOL, then there is no clear consensus 
as to which patients should continue therapy 
seamlessly, virtually without interruption, and in which 
patients it may be reasonable to undertake a period of 
careful clinical assessment. A recent observational 
study has raised concern about discontinuation of GH 
replacement therapy in pediatrics in severely 
persistent GH deficiency patients, as well as about the 
often insufficient dose of GH in the treatment of adult 

patients (207). Follow-up showed improvement in lipid 
profile and bone mineral density in severely persistent 
GH deficiency patients under GH therapy. In 
multivariate analysis, the associated pituitary deficits 
seemed stronger determinant factors of metabolic and 
bone status than GH deficiency per se. A consensus 
meeting convened by The European Society for 
Pediatric Endocrinology suggested offering 
continuation of therapy (after retesting) and monitoring 
those who decline continuation of treatment. If therapy 
is continued the optimum dosing strategy has not been 
clearly defined although a titration approach as 
outlined above would seem empirically appropriate 
(208). The Endocrine Society Clinical practice 
guidelines recommend GH therapy to be continued 
after adult height to allow full skeletal and muscle 
maturation, which is often delayed in this population 
(18, 19). 
 
INTERACTIONS WITH OTHER PITUITARY AND 
ADRENAL HORMONES 
 
GH is known to inhibit 11ßHSD-1, therefore favoring 
metabolism to inactive cortisone over active cortisol 
(72). Hence patients who are partially ACTH deficient 
or on suboptimal replacement should be carefully 
monitored at initiation of GH replacement, which might 
otherwise lead to partial cortisol deficiency, and risk of 
Addisonian crisis by even simple infections (118, 209). 
 
GH also interacts with the TSH axis (120, 123). 
Patients without defined TSH deficiency demonstrate 
a reduction in serum thyroxine (T4) after initiation of 
GH replacement, although maintain stable serum 
liothyronine (T3) (10, 210, 211), and patients on 
thyroxine replacement frequently require an increase 
in their dose (120, 121, 212).The mechanism remains 
unclear, but it has been postulated that GH may 
enhance peripheral conversion of T4 to T3 but also 
have a central inhibitory effect on TSH release at least 
in children. Clinicians should therefore be aware that 
the hypothalamo-pituitary-thyroid axis can very easily 
be both underdiagnosed and under replaced in GH 
deficiency, and upon commencement of GH 
preplacement (120, 121, 213). 
 
Women require a higher GH dose than men to achieve 
a similar increment in IGF-I. GH sensitivity is blunted 
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in females on oral estrogen (214-216). Transdermal 
estrogen reduces IGF-I generation to a lesser extent 
than oral estrogen. The effect of estrogen is thought to 
be mainly due to first pass metabolism inhibiting 
hepatic synthesis of IGF-I (217, 218). Testosterone 
stimulates GH secretion centrally, and also amplifies 
GH stimulation of IGF-I (216, 217). In addition to 
gonadal steroids, DHEA replacement has been shown 
to have an impact on IGF-I generation and 
psychological well-being (219, 220). DHEA improves 
psychological well-being independently of an effect on 
IGF-I (229). DHEA has been shown to potentiate IGF-
I generation (219, 220) such that females on DHEA 
replacement require a lower GH dose to achieve the 
same IGF-I (219, 221). The mechanism is unknown, 
but DHEA is metabolized to testosterone and it is 
postulated that increased serum testosterone may be 
responsible, hence explaining the lack of a DHEA 
effect in men who are either eugonadal or are on 
testosterone replacement. 
 
GROWTH HORMONE REPLACEMENT 
 
Selecting Patients for Growth Hormone 
Replacement 
 
The diagnosis of GH deficiency in adults is usually 
straightforward and consensus guidelines have been 
established with generalized acceptance (Fig 8). 
Nonetheless there is continuing debate regarding the 
selection of patients for GH replacement. Practice 
varies between countries and is undoubtedly 
influenced by availability of funding for treatment. In 
clinical practice, patients are selected for treatment on 
the basis of perceived need according to one or more 
of a number of specific criteria as outlined in Tables 3 
and 4, including severe GH deficiency defined by the 
insulin tolerance test (ITT), glucagon test or alternative 
tests such as arginine plus growth hormone releasing 
hormone (GHRH) or the Macimorellin test. 
 
Establishing the Maintenance GH Dose   
 
When the indication for GH-replacement has been 
ascertained, the patient is usually on a low initial dose 
(0.2 mg daily), but dependent on age, since 
adolescents during transition may benefit from higher 
initial doses, as will also women on estrogen therapy 

(replacement or oral contraceptives) a higher dose 
may be employed (214, 222-224). The dose titration is 
monitored by IGF-I concentrations (12, 154, 158), and 
a number of end organ end responses, which may act 
as ‘biomarkers’ of the treatment effects (table 6). 
 
The doses used in published studies vary widely and 
much of the published data in this area is derived from 
dosing schedules established on body weight or 
surface area criteria which were in effect an 
extrapolation of earlier pediatric practice. Ongoing 
assessment in the routine clinical setting has indicated 
that patients can now be managed on much lower 
doses (158). Using a widely accepted clinical strategy, 
patients are commenced on 0.2 mg somatotrophin 
subcutaneously once a day initially. The dose is 
reviewed every two to four weeks according to clinical 
response, serum IGF-I levels, and any side effects and 
the dose is increased, if necessary, at 4 weekly 
intervals until the maintenance level is achieved (225). 
This results in a median dose requirement of 0.4 mg 
daily with a greater sensitivity to a given dose in male 
patients so that median dose requirement is lower in 
men. Several sustained release long-acting GH 
preparations are currently undergoing clinical trials 
(226-230) and may become an alternative, with some 
now being marketed in Asia, US and Europe. 
However, long-term surveillance of safety and efficacy 
of long-acting GH analogs are not available to address 
potential pitfalls of the sustained release preparations 
(231). Serum IGF-I levels may be in the lower part of 
the age-related reference range in approximately 40% 
of patients with adult-onset hypopituitarism before any 
GH treatment across the total age range and this 
becomes more likely with advancing age. An empirical 
strategy is to use the minimum dose of GH, which 
places the serum IGF-1 level between the median 
value and the upper limit of the age matched normal 
range for the individual patient. This approach 
minimizes the risk of overtreatment and the potential 
sequelae, which may ensue. Serum IGF binding 
protein-3 and acid-labile subunit lack sensitivity for the 
titration of GH replacement and are not recommended 
for this purpose. IGF-I, however, is regulated by 
several other factors than GH and changes in body 
composition can be seen with the addition of GH even 
without any alteration in the IGF-I level. For this reason 
other biomarkers of GH action are being sought (232). 
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Table 6. What variables and organ functions should be followed in diagnosed GH 
deficient adult patients treated with GH replacement? 

Variables 

• IGF-I (therapy monitoring, titrate to concentration between 0 and + 2SDS) 

• Other pituitary hormone deficiencies 

• MR/CT scan of pituitary in if abnormalities present 

• Safety (adverse effect) 

• QoL assessment (AGHDA) 

Metabolic variables 

• Glucose metabolism 

• Lipids 

• BMI 

• Body composition (waist-hip, fat mass, lean body mass) 

• Dexa scan of bones 

• Physical capacity 

• Cardiovascular 

IGF-I: Insulin like Growth factor-I; MR: Magnetic Resonance; CT: Computer Tomography; QoL: Quality of Life; 
AGHDA: Adult growth hormone deficiency assessment: BMI: Body mass index                       
 
Adverse Effects 
 
The main adverse effects directly attributable to GH 
replacement result from the correction of the sodium 
and water depletion present in GH deficiency patients. 
This manifests as arthralgia, myalgia, edema, and 
carpal tunnel syndrome and are usually rapidly 
reversible with GH dose reduction. They were 
predominantly a feature of the early experience when 
GH dose was determined by body weight rather than 
being based on a titration regimen commencing with a 
low starting dose as described above. Such adverse 
effects were predictably more frequent in male 
patients reflecting their greater sensitivity to GH. 
Benign intracranial hypertension is a recognized 
complication of GH replacement in pediatric practice 
but is much less likely in adult patients especially when 
low doses are used. However, persistent severe 
headache should prompt examination and 
investigation to exclude raised intracranial pressure. 
The potential mitogenic effects of IGF-I have raised 
concerns regarding a possible increased risk of either 
neoplasia or regrowth of residual pituitary and 
peripituitary tumors. Extensive surveillance studies 
based on large multinational databases, including 

several thousand patients on GH replacement 
followed longitudinally, have not demonstrated an 
increased incidence of de novo neoplasia and 
prospective magnetic resonance imaging studies have 
not indicated an increased risk of pituitary or parasellar 
tumor regrowth (233, 234). In the childhood cancer 
survivor study (235) there was no increased risk of 
recurrence over 5 years follow-up in those who 
received GH and on 15-year follow-up of patients with 
previous cranial irradiation who receive GH 
replacement there was no increased risk of 
malignancy (236). In addition, there has been no 
correlation between the serum IGF-I level within the 
normal reference range and risk of further malignancy 
(237). 
 
Mortality 
 
Definition of the precise relationship between GH 
deficiency and mortality must await long term 
observations of mortality rate in patients on GH 
replacement set against background mortality rates in 
the general population adjusted for national variations 
but a recent Dutch study provides some evidence that 
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mortality is not increased by replacement and may 
play a role in normalizing it (particularly in men) (238). 
 

 
Fig 18. Mortality in hypopituitary patients with-/without GH replacement. From: Gaillard et al (26) 
 

The potential impact of GH replacement on the 
increased mortality rates described in hypopituitary 
patients can only be determined by long-term 
surveillance of treated patients in comparison with 
normal population data. The multinational databases 
designed to monitor safety of long-term GH 
replacement may provide useful information in this 
regard. Reassuringly, the mortality rates in the KIMS 
database were similar to the background populations 
(fig 18), and a later large study in a much larger 
population with longer follow-up did not observe any 
increased mortality in GH treated GH deficient patients 
in the KIMS database (26). Danish nationwide studies 
have indicated that mortality was not increased in GH 
treated patients with childhood onset GH deficiency 
(239, 240), but was highly dependent on the primary 
cause of GH deficiency (241), since the primary 
causes of childhood onset GH deficiency and 
concomitant diseases severely impaired 
socioeconomic conditions and impacted mortality; and 
only the subgroup of patients with idiopathic GH 
deficiency conditions was similar to the background 
population. In two Swedish publications there was 
evidence that hypocortisolism during acute stress, and 

de novo malignant brain tumors contributed to 
increased mortality (242), and GH deficient men 
receiving GH treatment had a mortality rate no 
different from the background population. In women, 
after exclusion of high-risk patients, mortality was not 
different from the background population except for 
CVD. Mortality due to malignancies was not elevated 
in adults receiving GH treatment. Next to gender, the 
heterogeneous etiology influences mortality in GH 
deficient adults with GH treatment (243). In the French 
SAGhE study mortality rates were increased in their 
population of adults treated as children with 
recombinant GH, particularly in those who had 
received the highest doses. Specific effects were 
detected in terms of death due to bone tumors or 
cerebral hemorrhage but not for all cancers. These 
results highlight the need for additional studies of long-
term mortality and morbidity after GH treatment in 
childhood (244). Thus, the more recent studies have 
been reassuring concerning GH replacement and 
mortality, since those groups with higher mortality 
seem to have been limited to patient groups with a 
prior higher risk due to concomitant confounding 
mortality risks. 
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COSTS VERSUS BENEFITS OF GH 
REPLACEMENT THERAPY 
 
Population studies in Sweden have documented a 
significantly greater medical and social burden for 
patients with established hypopituitarism. This 
continuing cost occurs irrespective of the initial cost of 
treating the pituitary pathology and derives from 
issues including unemployment, early retirement, 
depressive illness, and requirement for disability 
pension. A social circumstances analysis of the KIMS 
database has shown that approximately 11% of males 
and 31% of females require assistance with activities 
of daily living (245) (fig 19). Additional treatment cost 
factors, which might be inferred from risk factor 
profiles in adult GH deficiency populations, include 
increased prevalence of ischemic heart disease and 
increased fracture rates. So, whilst the cost of GH 

replacement to the hypopituitary population is easily 
determined, matching this with data for economic 
benefit requires a quantification of long-term 
complications arising from surrogate markers for long-
term morbidity observed in GH deficient patients. 
Assessments of the effectiveness of GH replacement 
over time is influenced by the changing characteristics 
of the patients, with lower doses of GH replacement 
being used and a shorter period of time from diagnosis 
of GH deficiency to treatment (181). This means that 
accurate assessments of cost benefit using long-term 
data is not yet possible, and probably never will be. A 
recent study based on patients enrolled into the KIMS 
database has demonstrated significant reductions in 
the numbers of patients requiring assistance with the 
activities of daily living, a decrease in medical 
consultations and a decrease in hospital in-patient 
stays over a period of 24 months of GH replacement 
(fig 20). 

 
 

 
Fig 19. Activity of daily living in adult patient with GH deficiency before and after GH replacement 
therapy. From: Hernberg-Stahl et al (245)  
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Fig 20. Sick leave and length of hospital stays in adult patients with GH deficiency before and after GH 
replacement therapy. From: Hernberg-Stahl et al (245).  
 
ADHERENCE TO MANAGEMENT OF ADULT 
GROWTH HORMONE DEFICIENCY IN CLINICAL 
PRACTICE 
 
Despite 30 years of evidence, guidelines, and clinical 
experience with adult GH deficiency and its 
management, a very recently published survey within 
the auspices of European Society of Endocrinology 
(246) has indicated that despite many guidelines on 
safety and efficacy of GH replacement in deficient 
patients as well as the above health economic 
considerations, GH replacement is still not available or 
reimbursed in all European countries. It also seems 
that both health care professionals and health 

administrators need improved knowledge to optimize 
the care of adults with GH deficiency. The publication 
results were further commented upon (247) indicating 
that in some health care communities reimbursement 
has been a major issue, because the discussion of GH 
replacement in truly GH deficient adults has been 
mixed with the discussion of utilizing GH therapy for 
sporting enhancement or for anti-ageing purposes, 
both of which are strongly discouraged. Also 
continuous presentations of unclear indications for GH 
diagnosis and replacement in small cohorts of mixed 
etiologies also pollute the field of health care 
discussions of proper clear cut cases of GH deficiency 
according to the official guidelines (248). 
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