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Abstract: Growth hormone (GH) affects all organ systems and several studies have also indicated an influence on health 
related quality of life (QoL). Assessment of QoL is therefore considered as one of several valid indicators of whether or 
not treatment with GH is beneficial. Two main types of QoL measures are generally used: disease-specific and generic. A 
combination of the two is generally advocated as they seem to be complementary. Methodologically, questionnaires must 
be correctly validated in the relevant context of language and a sufficient population based reference group. 

In this review, the previously published studies on the effects of GH replacement therapy on QoL in adults will be 
scrutinized. Although many of the studies on the influence of GH replacement on QoL assessment are either having a too 
short follow-up period, are uncontrolled, or using supra-physiological GH doses or inappropriate QoL instruments, there 
is a growing body of evidence for impaired QoL in GH deficient patients with improvement or normalisation after GH 
replacement. 
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I. INTRODUCTION 

 Growth hormone (GH) exerts pleiotropic effects on all 
cells and organs, and several studies have also indicated an 
influence on health related quality of life (QoL). The effect 
may be through central mechanisms or secondary to GH 
effects on metabolic, cardiovascular, immune, reproductive, 
bone and/or muscular functions. The typical phenotype of 
GH deficiency displays as part of the syndrome a reduction 
in many classical QoL measures (Table 1). QoL has been 
defined by the World Health Organization as ‘the state of 
complete physical, mental, and social well-being and not 
merely the absence of disease or infirmity’ (WHO, 1947). 
Thus, QoL is a difficult concept to quantify and measure 
across disease states. GH was previously only used 
therapeutically to correct growth and height deficits in 
children. The access to recombinant GH opened for the 
possibility to treat adults with GH deficiency. However, GH 
therapy remains expensive, and it is therefore mandatory to 
document both safety and efficacy of the treatment. Studies 
have generally shown a beneficial effect of GH replacement 
on features of GH deficiency. However, although not 
documented GH replacement has also been suspected to 
potentially worsen or induce cancer by stimulating growth of 
cells [1, 2]. 
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 Whether or not GH deficient adults should be offered GH 
replacement therapy is still controversial. An improved body 
composition to a more favorable state has been highly 
reproducible in all studies on the effect of GH replacement in 
patients with hypopituitarism, but the capacity of GH 
replacement to improve other variables such as lipid profile, 
blood pressure, morbidity and mortality have been more 
controversial. Measuring QoL is nonetheless one of several 
highly acknowledged indicators of the treatment effects of 
GH, as is commonly noted in consensus statements of 
official bodies. The American Association of Clinical 
Endocrinologists (AACE) states that “Replacement therapy 
should be monitored carefully ….. and special emphasis 
should be placed on perceived and objectively measured 
benefits and adverse effects” [3]. 

 Also, National Institute for Clinical Excellence [4] stated 
in the technology appraisal for GH replacement therapy in 
adults that decreased QoL was a prerequisite for starting GH 
replacement. The decreased QoL should be documented in 
the individual patient by the disease specific questionnaire 
on quality of life assessment of growth hormone deficiency 
of adults (AGHDA) [5]. Improvement of the AGHDA scores 
in the individual patient was further required after 9 months 
(3 months of titration followed by 6 months of stable 
therapy) in order to decide on continued reimbursement of 
the GH replacement therapy. This underlines the importance 
of physicians having access to reliable routine measures of 
QoL, with sufficient accuracy, precision, sensitivity and 
specificity of the assessment. 

II. QOL MEASUREMENTS 

 The assessment of QoL, considering the broad definition 
by WHO, is an attempt to determine how a disease condition 
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or its treatment relate to particular important domains of life, 
either to people in general or to people who have a specific 
disease condition [6, 7]. Most concepts of QoL emphasize 
the effects of illness on physical, psychological and social 
functioning [8]. In clinical research, many patient-reported 
measures of QoL are becoming increasingly accepted as 
valid indicators of treatment effects [9, 10]. Thus, patient-
reported QoL measures are becoming increasingly accepted 
also in the assessment of patients with GH deficiency, and a 
number of different questionnaires have been used to 
quantify the effect of GH therapy on QoL in adults [11] 
(Table 2). 

Table 1. Symptoms and Signs of Adult Growth Hormone 

Deficiency 

 

Symptoms of Growth Hormone Deficiency 

• Decreased psychological well-being

– Reduced energy and vitality 

– Poor general health 

– Impaired self control 

– Disturbed emotional reactions 

– Lack of positive well-being 

– Depressed mood 

– Increased anxiety 

– Increased social isolation 

• Increased abdominal adiposity 

• Reduced strength and physical endurance 

• Thin dry skin 

Signs of Growth Hormone Deficiency 

• Truncal obesity

• Increased waist-hip ratio 

• Thin dry skin 

• Abnormal body composition 

• Decreased psychological well-being 

• Reduced exercise performance 

• Abnormal cardiac structure and function 

• Adverse cardiovascular risk factors 

• Decreased bone density 

• Disturbed renal function 

• Lowered basal metabolic rate 

• Decreased sweat secretion 

• Increased insulin resistance 

 

 Currently, two main types of QoL measures are used: 
disease specific and generic. Older studies have usually 
relied on generic questionnaires measuring the total burden 
of disease such as the Short Form 36 (SF-36) Health Survey 
(consisting of 36 items assessing eight health dimensions: 
physical functioning, role limitations due to physical health,  
 

Table 2. Tests Used to Assess Health Related Quality of Life 

and/or Psychological Well Being (Modified and 

Updated from Hull and Harvey [11] with Permission 

from the Authors) 

 

Generic Tests 

AS – Apathy Evaluation Scale 

BDI – Beck Depression Inventory 

BSI – Brief Symptom Inventory 

CIS – Clinical Interview Scale 

CPRS – Comprehensive Psychological Rating Scale 

DSQ – Disease Specific Questionnaire 

GHQ – General Health Questionnaire 

GWBS – General Well-Being Schedule 

HDS - Hamilton Depression Scale 

HSCL – Hopkins Symptoms Check-List 

HADS – Hospital Anxiety and Depression Scale 

KSQ – Kellner Symptom Questionnaire 

LFS – Life Fulfilment Scale 

LSC – List of Somatic Complaints 

MADRS – Montgomery Asberg Depression Rating Scale 

MFQ – Mental Fatigue Questionnaire 

MFS – Mental Fatigue Scale 

MMPI-2 - Minnesota Multiphasic Personality Inventory-2 

MACL – Mood Adjective Check List 

NHP – Nottingham Health Profile 

PAS – Personality Assessment Schedule 

POMS – Profile of Mood States 

PGWB – Psychological and General Well-Being Schedule 

SES – Self Esteem Scale 

SF-36 – Short Form 36 

SAS – Social Adjustment Scale 

SRS – Social Relationship Scale 

SCL-90 – Symptom Check-List-90 

SQ – Symptom Questionnaire 

Disease Specific Tests 

QLS(M)-H – Questions on Life Satisfaction Modules-Hypopituitarism 

DSQ – Disease Specific Questionnaire 

AGHDA – Adult Growth Hormone Deficiency Assessment 

GHD-LFS – Modified Life Fulfillment Scale 

GHD-IS – Modified Impact Scale 

GHDQ – Growth Hormone Deficiency Questionnaire 

 

bodily pain, general health perceptions, vitality, social 
functioning, role limitations due to emotional problems and 
mental health), the Nottingham Health Profile (NHP)  
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(consisting of 38 items assessing six dimensions of health 
problems: physical mobility, pain, social isolation, emotional 
reactions, energy level, and sleep) or the General Health  
Questionnaire (GHQ). In theory, though, disease-specific 
questionnaires demonstrate greater sensitivity than generic 
ones. The questions formulated in a disease-specific health 
survey point directly to the symptoms that are typical of GH 
deficiency and address problems specific to or common 
among patients with GH deficiency. The Qol-AGHDA was 
the first available GH deficiency-specific questionnaire [5]. 
It was developed through in-depth interviews with 
hypopituitary adults, and subsequently translated into 
different languages and validated in each language among 
hypopituitary adults assumed to be GH deficient. Based on 
these validations it was adopted for cross-cultural use [12], 
and it has therefore been used extensively in multinational 
studies. 

 The item questions in this needs-based questionnaire are 
such as: ‘It is difficult for me to make friends’; ‘I often 
forget what people have said to me’; ‘I find it difficult to 
plan ahead’; ‘I have difficulty in controlling my emotions’; 
‘I often feel too tired to do the things I ought to do’. 

 Disease-specific and generic measures are often 
combined as the obtained information is complementary [6]. 
Thus, no single QoL instrument has sufficient sensitivity, 
specificity and accuracy to be able to discriminate 
completely between the outcome of the patients compared to 
a control population. Individual clinical assessment therefore 
still remains of paramount importance [13]. A major 
problem in comparing data from various studies on QoL in 
GH deficient adults is the fact that the studies are very 
different from many different points of view, and therefore 
not directly comparable. First of all, many of the 
questionnaires have not been correctly validated and tested 
in the language relevant for the study in question and very 
often the studies have not indicated if a sufficient country 
specific population based reference group had been used as 
comparison. Unfortunately, this is true for both generic and 
disease specific QoL measures. As to GH deficient 
populations treated with GH replacement there is a marked 
difference in physician attitude towards whether the criteria 
set down by Growth Hormone Research Society (GRS) 
should be followed or not [14], and thereby published studies 
can also for that reason harbour severe biases in the 
comparability of populations of GH deficiency. 

 Also, variable national official criteria such as those set 
by NICE in UK may create a basis for further population 
differences, since the UK requirements for GH replacement 
therapy are presence of very severe and long-lasting GH 
deficiency, while an accepted GH stimulation test according 
to GRS criteria is sufficient for GH reimbursement in e.g. 
Denmark and Sweden. Other countries even allow treatment 
of patients with partial deficiency and not only with severe 
GH deficiency. Given the establishment of a general positive 
attitude towards treatment of GH deficiency when clinically 
appropriate, a low Qol should no longer be present in the 
majority of the patients, because patients are now treated as 
soon as they develop GH deficiency (e.g. soon after pituitary 

surgery) and therefore do not develop the full-blown 
phenotype of GH deficiency. Considering above mentioned 
differences in GH reimbursement policies, this augment only 
holds true for some countries. In the overall comparison of 
studies on the effects of GH replacement it also has to be 
remembered that all the very early randomised placebo-
controlled trials used weight-based and supraphysiologic i.e. 
acromegalic doses of GH, while all current treatment 
regimens aim at titrating the GH dose to an insulin-like- 
growth factor-I (IGF-I) Z-scores (=standard deviation scores, 
SDS) between 0 and +2SDS. This more physiological 
monitoring regimen puts a high demand on the composition 
of the reference population for IGF-I measurements in each 
laboratory in order to calculate the Z-scores. Thus, above 
mentioned complexity has to be considered in any 
comparison of the published results on previous and present 
treatment regimens. 

III. QOL IN GROWTH HORMONE DEFICIENT 

ADULTS 

A. At Baseline 

 Most clinical studies have demonstrated that symptoms 
such as social isolation, mental fatigue, increased emotional 
stress, and decreased energy, life satisfaction and self-esteem 
are more prevalent in a GH deficient population (reviewed in 
Hull and Harvey [11]) consistent with the typical features in 
patients with severe GH deficiency (Table 1). However, 
three studies using generic rather than disease specific tests 
for measurement of QoL failed to detect any difference in 
QoL between GH deficient individuals and the normal 
population [15-17]. Zenker et al. [16] compared the 
outcomes of the questionnaire answers with the level of IGF-
I and the GH peak response from either a GH-releasing 
hormone test or an insulin tolerance test. They stated that the 
absence of any relationship between GH deficiency severity 
and level of apathy/depression/ psycosomatic complaints 
suggested unspecific impairments not related to GH 
deficiency. They suggested that the somatic improvements 
from GH replacement would lead to symptomatic 
improvement and thereby be secondary rather than primary. 
Furthermore, they advocated that the indication for GH 
substitution therapy should mainly be based on the presence 
of somatic symptoms of GH deficiency and not be based on 
psychological impairments alone. 

 It must be emphasized that their results and conclusions 
were based on rather small groups of patients, i.e. the studies 
were not likely to have sufficient power for a statistical 
significance. They are further in contrast to a number of 
other studies e.g. McMillan et al. [18]. They performed a 
double-blind placebo-controlled trial with discontinuation of 
GH replacement in 9 patients with severe GH deficiency, 
randomised to continue GH replacement while GH was 
discontinued in 12 patients for 3 months (placebo). Despite 
the rather low number of patients in the study, they found a 
significant difference between the groups in scores for SF-
36, HDQoL, and by interview most patients identified 
correctly treatment with GH or placebo, respectively. These 
authors concluded that withdrawal of GH treatment from 
adults with severe GH deficiency had detrimental 
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psychological effects. Such contrasts in conclusions from the 
various studies might be due to heterogenous patient 
populations and their comparative control groups or 
populations, as well as differences in the methods for 
measurement of QoL (Table 3). Variable inclusion in the 
studies of childhood and adult-onset GH deficiency patients, 
by virtue of their underlying pathology, is a good candidate 
for variability in results. Adult-onset GH deficiency is often 
associated with other pituitary hormone deficiencies which 
may interfere in the scores of QoL in these patients, while 
GH deficiency in children is very often isolated. In addition, 
childhood onset GH deficient patients may have a series of 
other psychological problems related to the disease in 
childhood, including poor growth and low adult height. The 
importance of GH deficiency may be evidenced by studies 
demonstrating that even though appropriate replacement of 
all hormones except GH to pituitary insufficient adults was 
done, QoL was not normalized [16, 19].  

 A geographic difference in QoL has been demonstrated in 
patients with GH deficiency [20]. A specific reason for that is 
not quite clear, since the same questionnaire (AGHDA) was 
used in all countries that study, and the questionnaire had been 
validated correctly in GH deficient patients from the different 
countries and across languages. However, possibly an 
assessment of QoL measures by any questionnaire should also 
in each country be validated in and compared to the normal 
population, and not only in GH deficient patients, in order to 
correct for country differences [21]. The following examples 
seem to substantiate this statement. Koltowska Häggström et al. 
[21] showed that among approximately 1000 members of the 
general population in England and Wales the mean AGHDA 
score for women was 7.0 and for men 6.3. Patients with GH 
deficiency from the same area had scores approximately 7 
higher (poorer QoL), and significantly different from the 
healthy general population mean. A similar study in Spain also 
found a significant difference between healthy members of the 
general population and Spanish patients with GH deficiency – 
the scores for both groups were, however, much lower (i.e. 
better QoL) than those from England and Wales. The same was 
the case for German and Swedish patients [22]. Similar 
differences between countries with UK displaying the poorest 
QoL in both controls and patients with GH deficiency were also 
shown by use of another disease specific questionnaire (QLS-H) 
[23]. Thus, it is clear from these studies that language validation 
even of disease specific questionnaires is insufficient to avoid 
bias, and comparison with QoL measures in the background 
population is essential. 

B. Effects of GH Replacement Therapy on QoL in Adults 

 In most of the clinical studies, both generic and GH 
deficiency-specific QoL measurement tools have indicated 
that GH replacement therapy enhanced QoL (reviewed in 
Hull and Harvey [11], and expanded in Table 4). Of these 
studies, half were fully or partly placebo-controlled [24-38], 
while the remaining were non-placebo-controlled [39-55]. 

 However, some of the fully or partly placebo-controlled 
studies [15, 24, 25, 30, 34, 56-59] failed to show any effect 
of GH supplementation on QoL in at least one of the QoL 
scales, and demonstrated normal QoL parameters compared  

to control populations. Generally, the studies were very 
heterogeneous and reporting very few patients (Table 4). 
Only few studies have applied a fully placebo controlled 
double blinded approach – all of them of rather short 
duration [15, 24, 28, 30, 36, 37]. Fifteen of the studies 
combined a placebo controlled approach followed by open 
treatment, and yet other 21 applied an open trial approach 
only (Table 4). The dosages used were also extremely 
variable and depended largely on when the study was 
performed. Thus, in the early days of GH replacement 
therapy the patients were severely overtreated because the 
dose used was based on experience from childhood treatment 
and based on weight and/or surface, as opposed to the 
current dose titration in each individual patient according to 
the age-adjusted IGF-I concentration. 

 The very variable designs of all the controlled trials 
almost without any common denominator, unfortunately also 
precludes the performance of a meta-analysis of the results. 

 Among the open trials some need a special comment. Three 
studies looked into very long term effects. Two of the studies 
[42, 46] showed an increase in QoL with time during GH 
replacement. Follin et al. (2010) did not find any significant 
differences in QoL in GH deficient adult survivors of acute 
lymphoblastic leukaemia (ALL) neither before nor after 5 years 
of GH replacement. A considerable number of the present 
studies were part of the long term pharmacoepidemiological 
survey databases from Pfizer (KIMS = Pfizer International 
Metabolic Database) and Eli Lilly (HypoCCS = Hypopituitary 
Control and Complications Study), each incorporating a large 
number of patients mainly for safety, but in a number of 
situations valuable efficacy data have also come out [20, 45, 47, 
48, 50-55, 60]. Although each individual publication deals with 
a particular data freeze from the database, and an increasing 
number of patients are included each year, it must be realized 
that the results of these studies are not completely independent 
and additive, since they are to some degree a repetition of 
outcomes from the same databases.  

 The reported improvements in QoL measurements were in 
some studies seen as early as 1 or 3 months after start of GH 
replacement therapy [43-45], but in other studies 12-24 months 
of GH replacement treatment were needed for an effect to be 
demonstrated [27]. Sustained improvements in QoL have been 
reported after 2 and 3 years of GH replacement [40, 42, 46, 50, 
51, 53, 55, 60, 61]. These studies were in contrast to a recent 
report, which compared QoL scores of a group of patients 
receiving GH replacement therapy for GH deficiency for at least 
1 year (mean 3 years of treatment) with scores from an age- and 
sex-matched control group without GH deficiency from the 
same geographical area. The GH treated group still had 
significant impairments in QoL scoring even after one year of 
therapy compared to the control population [62]. 

IV. EFFECTS OF GH DEFICIENCY AND GH 

THERAPY ON QOL IN SPECIFIC CONDITIONS 

 GH production is declining with age after puberty, and 
the existence of a human somatopause has been discussed 
[63]. Toogood et al. demonstrated in an elegant study [64]  
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Table 3. Quality of Life in Growth Hormone Deficient Adults 

 

Reference GHD onset n Controls Tests Change in QoL in the GHD adults 

Abs et al. (1999) AO + CO 1034 Normal population AGHDA  QoL 

Badia et al. (1998)  AO 356 
963 normals matched for 

age, sex, education 
AGHDA  QoL 

Baum et al. (1998) AO 41 Normal population 

NHP 
PGWB 
GHQ 

MMP1-2 

= QoL 

Blum et al. (2003) AO + CO 957 
Normal populations 

corrected 
For sex, age and country 

QLS-H  QoL 

Björk et al. (1989) CO 23 47 normals 
NHP 

PGWB 

 sleep problems 
 social isolation 

 physical mobility problems 

Burman et al. (1995) CO + AO 36 Normals 
HSCL 
NHP 

 QoL proportional to duration of GHD 

Deijen et al. (1996) 
31 MPHD 
17 IGHD 

48 
41 normals matched 

for age 

HSCL 
POMS 

Cognitive tests 

 IQ, memory, vigor 
 anxiety (MPHD) 

Kendall-Taylor et al. 
(2005) 

CO + AO 393 
General population 

CO versus AO 
AGHDA 

NHP 
 QoL in CO and AO 

CO > AO 

Lynch et al. (1994) CO + AO 41 41 diabetics 
CIS 
PAS 

CPRS 

 depression 
 personality disorders 

McGauley (1989) Mostly AO 24 
Normals matched for 

Sex, age, ethnicity, class 
And residence 

NHP 
PGWB 

 QoL (NHP) 
 psychological distress 

(PGWB) 

Moisey et al. (2009) unknown 18 
18 age, sex and BMI 

matched healthy controls 
AGHDA  QoL 

Page et al. (1997) 
AO (hypopituitary 

tumours) 
48 

Mastoid surgery 
patients 

GWBS 
SF-36 

= QoL 

Rosen et al. (1994) Mostly AO 86 
Normals matched for sex, 
age, marital status, class 

NHP 
 QoL, energy, sexlife 

 emotional lability, social isolation 

Sandberg et al. (1998) CO 140 Same-sex siblings 

SF-36 
SRS 
SAS 
BSI 

Interview 

 general health 
= emotional and mental health 

Stabler et al. (1992) MPHD 25 
Normals matched for sex, 

age, height and class 

Stress-reactivity, 
psychometric 

testing 

 openess 
 assertiveness 

Wallymahmed 
et al. (1999) 

AO 57 Age-matched diabetics 

HADS 
SES 
MFQ 
LFS 

 QoL, self-esteem 
 life fulfillment 

 depression, fatigue 
 anxiety 

Wexter et al. (2009) 
Mostly AO 

(Acromegaly) 
26 

GH-sufficient patients 
with prior acromegaly 

AGHDA 
SF-36 

SQ 
 QoL 

Wiren et al. (2000) AO + CO 111 1448 normal population AGHDA  QoL 

Wiren et al. (2001) CO 21 GH-sufficient CO-GHD 
NHP 

MACL 
PGWB 

 anxiety 
= cognition 

 

Zenker et al. (2002) Mostly AO 98 Normal population 
BDI 
AS 

LSC 
= QoL 

QoL, Quality of life; GHD, growth hormone deficiency; CO, childhood onset; AO, adult onset; IGHD, isolated GHD; MPHD, multiple pituitary hormone deficiencies; n, number of 
subjects with GHD; Tests used to quantify QoL (abbreviations from Table 2); , =, , change in QoL parameter compared to appropriate controls (Modified and updated from Hull 
and Harvey [11] with permission from the authors). 
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Table 4. 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 
Duration 

Design 

(Controls) 
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) 

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/week, 
Normal IGF-I 

4 m 
PCDB 

Cross over 

NHP 
HDRS 

MADRS 

=mobility, pain 
energy and emotional reactions 

social isolation, sleep disturbance 
depression 

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 
mg/kg/week, 
Normal IGF-I 

16 m 

24 weeks 
DBPC 

48 weeks 
Open 

SF-36 

 physical functioning and general 
health (AO) 

social functioning and mental health 
(CO) 

Wallymahmed 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 
questionnaires 
Psychometric 

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 
Psychological 

Testing 
= well-being 

 memory 

Florkowski et al 
(1998) 

AO+ CO 20 -0.035 U/kg 3m 
Randomized 
PC, cross-

over 

DSQ 
SCL-90 

SAS 

 QoL placebo + GH 
groups 

Giusti et al. (1998) AO 25 0.5-1 U 6 m 
Randomized 

PC 
HDS 
KSQ 

 QoL (HDS) 
= KSQ 

Miller et al. (2010) 
AO 

(Acromegaly) 
30 Normal IGF-I 6 m 

Randomized 
PC 

AGHDA 
SF-36 

SQ 

 QoL (AGHDA) 
 vitality, mental health, soc 
functioning, general health 

 role limitation 
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(Table 4) contd….. 

Reference 
GHD Onset 

(Etiology) 
N 

Dosage Per Day or 

Titration 
Duration 

Design 

(Controls) 
Tests Change in QoL in the GHD Adults 

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 

hospitalization 

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) 

1775 Not stated 12 m 
Open 

(MPHD) 
AGHDA 

 QoL IGHD+MPHD 
IGHD=MPHD 

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) 

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) 1070 
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) 1152 
Normal 
IGF-I 

24 m 
Open 

(MPHD) 
AGHDA 

 QoL IGHD+MPHD 
IGHD=MPHD 

Koltowska-H et al. 
(2006) 

AO 1117 
Normal 
IGF-I 

1 – 8 yrs Open AGHDA  QoL 

Kreitschmann-
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 
Neuropsycho- 
logical testing 

= 

Maiter et al. (2006) 
AO+CO 

(irradiated) 
1077 

Normal 
IGF-I 

12 m 
24 m 

Open 
(non-

irradiated) 
AGHDA 

 QoL irradiated+non-irradiated 
irradiated=non-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 
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 
(Acromegaly) 

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 leukaemia CP, craniopharyngeoma; 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 (abbreviations given in Table 2) , =, , change in QoL parameter in GH-treated patients and when available compared to 
controls (Modified and updated from Hull and Harvey [11] with permission from the authors). 
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that a properly performed stimulation test for GH deficiency 
could distinguish between the GH response in healthy 
elderly persons above 65 years and that of hypopituitary 
patients with assumed GH deficiency. They [65] later 
demonstrated that these elderly GH deficient hypopituitary 
patients had indeed also a significantly unfavourable body 
composition and bone mineral content compared to healthy 
age matched counterparts. It was subsequently demonstrated 
that GH replacement therapy improved the QoL as assessed 
by AGHDA scores in these patients > 65 years of age to the 
same degree as did young GH deficient patients [66, 67]. 

 Li Voon Chong et al. [68] studied 27 elderly (mean age 
73 years) patients with severe GH deficiency for 2 years 
without GH replacement and compared their QoL with an 
age matched group of elderly healthy individuals. They were 
investigated by SF-36, NHP, LFS, HADS, and MFQ, and 
although the QoL of the patients with GH deficiency did 
decrease during the 2 years so did it also in the healthy 
control group. Other measured variables such as body 
composition and lipids did not differ between the groups 
either. Their results have therefore raised some doubt about 
benefits of GH replacement in elderly people with GH 
deficiency. Most of the above mentioned studies have been 
performed in small heterogeneous groups of patients of 
different aetiologies. The larger surveillance databases such 
as KIMS and HypoCCS have provided a possibility to look 
into QoL in subgroups of patients. It has thus been possible 
to investigate if different causes of GH deficiency show 
differences in QoL both at baseline and in response to GH 
replacement. By such subdivisions it has been demonstrated 
in 665 GH deficient adults, that patients with adult onset 
(AO) GH deficiency had a better responsiveness to GH 
replacement than childhood onset (CO) GH deficient 
patients [69]. They did, however, have a poorer QoL at 
baseline, thus indicating that the poorer the measure at 
baseline the better the potential for improvement by 
replacement. 

 It was later demonstrated that patients with isolated GH 
deficiency had similar baseline clinical presentation and 
responded equally well to GH replacement as patients with 
multiple pituitary hormone deficiency, suggesting that GH 
alone could be responsible for the improvement in QoL 
during GH replacement [47, 53]. 

 From the KIMS database 351 patients with craniopharyn-
gioma and severe GH deficiency were extracted. They had a 
mean AGHDA score of approx 11, equal in men and women, 
and largely similar to that of other GH deficient adults with 
other aetiologies. Their improvement was approximately 4 
AGHDA scores after 2 years of GH replacement [50]. 
Noteworthy, these scores would not be sufficient to meet the 
aforementioned official NICE guidelines for GH 
replacement therapy. Other conditions where a similar 
responsiveness to GH replacement on QoL has been 
demonstrated are irradiated GH deficient patients compared 
to non- irradiated ones [51], cured Cushing’s disease [55], 
traumatic brain injury [52], and Sheehan’s syndrome. The 
latter is still a prevalent cause of GH deficiency in some 
countries, in the Northern-Western countries. 

 Mukherjee et al. [49] reported that QoL in adult GH 
deficient cancer survivors was comparable to that in GH 
deficient adults with pituitary pathologies, and improved 
with GH replacement in a similar manner, suggesting that 
QoL impairment in adult GH deficient cancer survivors is 
mainly related to GH deficiency rather than cancer diagnosis 
and treatment. In contrast, Link et al. [70] did not find any 
difference in baseline QoL comparing 44 adult survivors of 
childhood (ALL) and matched population controls. 

 The effect of growth hormone on the brain and thereby 
QoL is probably dual phased where both too much 
(acromegaly or overtreatment with GH) and too little (GH 
deficiency) are detrimental. The adverse effect of GH 
overproduction as in acromegaly has been assessed by a 
number of QoL measures [71, 72], but the interpretation is 
often difficult since GH may influence the QoL through 
other effects than directly on the brain, such as on the sleep 
pattern [73] e.g. by obstruction or by an interaction with 
melatonin [74] or by low self esteem due to disfiguring of 
the patients with longstanding disease [71]. Recently, it was 
demonstrated that 40 previously acromegalic patients with 
GH deficiency consequent to treatment for acromegaly were 
similarly affected with similar reductions in QoL by 
AGHDA as were 1392 patients with GH deficiency of other 
aetiologies (mainly non-functioning adenomas) [75]. 
Furthermore, the GH deficient acromegalic patients had 
similar beneficial effects from GH replacement therapy as 
did GH deficient patients of other aetiologies. These results 
from the KIMS database were in keeping with results from a 
recent randomised placebo controlled study including 30 
patients with cured acromegaly showing an improvement in 
QoL after six months treatment [38]. 

V. THERAPEUTIC MECHANISMS OF GH REPLAC-

EMENT 

 The mechanism by which GH works to improve QoL is 
not very clear. Some of the effects mentioned below have 
previously been reviewed [11]. A direct effect on the brain is 
one possibility, which is dealt with elsewhere. GH crosses 
the blood barrier and treatment with GH increases the 
concentration in the spinal fluid of both GH and several 
neurotransmitters [76]. Also GH receptors have been 
demonstrated in the brain, which increases the likelihood 
that a direct effect on brain growth and development, as well 
as on neural repair, takes place. Furthermore, the brain is 
considered to be a site of GH production and action, and it 
therefore seems likely that GH deficiency would have 
detrimental effects on cognition and mood and consequently 
on QoL. On the other hand, GH deficiency has a number of 
well documented somatic effects on metabolism, cardio-
vascular function, pulmonary function, muscle strength, 
body composition, sweat secretion, immune function and 
bones, all of which are more or less completely reverted after 
GH replacement. Therefore, a number of the items in the 
QoL questionnaires that has to do with e.g. energy and 
physical mobility would impact on the QoL scores. It is also 
very possible, that the changes in body composition with 
increased body fat percentage and reduced muscle mass in 
GH deficiency can contribute to a reduced self-perceived 
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QoL, as may also the constant change in fluid homeostasis 
with a consequent symptomatic reduction of blood and 
plasma volume. Finally, decreased sweating ability results in 
impaired heat dissipation [77], which together with low 
muscle strength can impair the person’s self-esteem due to 
physical performance difficulties and reduced exercise 
capacity. Therefore, the impact of GH status on physical 
clinical indices such as height, body composition, 
metabolism, cardiovascular and bone health may be 
responsible for some of the GH dependent QoL 
measurements. The somatic responses to GH replacement 
are heterogeneous and might therefore also reflect a 
heterogeneity of QoL responses. Finally, an interaction with 
other hypothalamo-pituitary hormone deficiencies and 
replacements may be in play. For instance, GH has a well-
documented effect on the thyroid axis by increasing the 
peripheral conversion of thyroxine to triiodothyronine (T3), 
which is the active thyroid hormone at the peripheral cellular 
level [78, 79]. A low T3 in GH deficiency may therefore 
contribute to a low activity level and thus a poor QoL, which 
should be reverted by GH replacement. A correlation 
between the T3 concentration and QoL has, however, not 
been proven. 

VI. COST BENEFIT CONSIDERATIONS 

 Calculating the cost of GH replacement treatment is 
rather complicated, since the direct cost of GH is only a 
small part of the equation. Furthermore, most patients with 
GH deficiency, whether started in childhood or adulthood, 
have other disease- related conditions such as other pituitary 
hormone deficiencies or consequences of a treated disease 
such as Cushing’s disease or irradiated intra-cranial 
childhood cancer. In the other extreme some adult patients 
have childhood onset idiopathic isolated GH deficiency with 
very limited disease burden. The estimated morbidity of 
patients with GH deficiency is therefore very heterogeneous 
and highly dependent on the aetiology of the disease. A few 
earlier studies have estimated increased cost of health care 
consumption in patients with untreated GH deficiency [80-
83]. Only few studies have attempted to calculate the total 
costs of GH replacement (reviewed by Radcliffe et al. [84]). 
In one of the studies [45] results from patients in the KIMS 
database were used, applying a health related QoL 
questionnaire (AGHDA), along with a needs-based 
questionnaire (KIMS Patient Life Situation Form). When 
being GH deficient and before receiving GH replacement 
approximately 20% of 304 patients received a disability 
pension. QoL in the patients receiving pension was more 
impaired than in those working or those retiring normally. 
During GH replacement therapy the use of specific health 
care resources, such as days of sick leave, visits to the 
doctor, hospital days and assistance with daily activities, 
decreased. At the same time the QoL increased as evidenced 
by increased AGHDA scores. These results have been 
substantiated by publication of similar calculations with 
similar outcome from a single country (Sweden) [61]. They 
studied 237 Swedish patients enrolled into KIMS, and who 
had been treated for 3 years with GH. The number of days of  
 

sick leave, days in hospital and visits to the doctor were all 
reduced after GH replacement. At the same time leisure-time 
physical activity and general satisfaction with physical 
activity level increased, as did also AGHDA scores. After 3 
years the treated GH deficient patients had the same number 
of days of sick leave as before start of treatment, but all the 
other items remained improved. The findings from the 
heterogeneous group of GH deficient patients from different 
countries [45] could thus be confirmed in a homogeneous 
patient population from Sweden [61]. It was later shown that 
despite some differences in treatment strategies, healthcare 
utilization was essentially similar in the healthcare 
environment of Western European countries [85]. 

VII. CONCLUSION 

 As indicated above many of the studies performed to 
assess QoL and GH replacement in hypopituitary patients 
either do not have a sufficient follow-up period, are 
uncontrolled, using supra physiological GH doses or are 
using inappropriate QoL instruments. Despite this, there is a 
growing body of evidence that QoL is indeed impaired in 
GH deficient patients and that GH replacement induces a 
sustained improvement or normalisation. GH may improve 
QoL via neurological mechanisms. However, the beneficial 
effect of GH replacement in hypopituitary GH deficient 
patients on cardiovascular, reproductive, metabolic and 
immune functions may have an additional impact on the 
improved QoL. GH therapy does not improve QoL in every 
GH deficient individual. Dosage of GH is important as no 
improvement in QoL may be expected if the GH dosage is 
sub-optimal. However, it may be difficult to determine the 
optimal dose based on weight, surface, gender and correct 
titration according to the plasma IGF-I concentration. Degree 
of impairment of QoL is also important since no 
improvement can be expected in a GH deficient patient that 
has not developed the full phenotype e.g. shortly after 
surgery. Yet, many clinical guidelines rely on QoL measures 
both for the indication for GH replacement in the individual 
patient and also treatment follow-up. A combination of 
disease-specific and generic instruments must be advised, 
and a proper registration in each country of the QoL score by 
each particular questionnaire in a comparative healthy 
control population is mandatory. It will also be important in 
the future to focus on subgroups of patients that may benefit 
more from GH replacement than others. With proper 
instruments GH replacement does seem to decrease health 
care consumption in parallel with improvements in QoL. 
This needs to be translated into a full calculation of cost-
effectiveness of GH-replacement in each country, not only 
considering the price of GH but also the health care related 
costs such as visits to the doctor, hospitalization, daily 
assistance from others etc. 
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