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Abstract
Quality of life (QoL) has emerged as an important construct that has found numerous applications
across healthcare-related fields, ranging from research and clinical evaluation of treatment effects to
pharmacoeconomic evaluations and global healthcare policy. Impairment of QoL is one of the key
clinical characteristics in adult GHD and has been extensively studied in the Pfizer International
Metabolic Database (KIMS). We provide summarized evidence on GH treatment effects for both clinical
and health economic applications based on the KIMS data. The primary focus is on those aspects of
QoL research that cannot be investigated in the traditional clinical trial setting, such as specific patient
subgroups, cross-country comparisons and long-term follow-up. First, the impact of age, gender,
disease onset, primary aetiology, extent of hypopituitarism, previous radiotherapy and obesity on QoL
before and during long-term GH replacement is discussed. Secondly, the studies on QoL in relation to
country-specific normative values are reviewed. Finally, health economic data derived from KIMS
including both burden of disease and utility assessment are evaluated. We conclude that the wide
spectrum of analyses performed on the KIMS data allows for practical application of the results not
only to research and clinical practice but also to health policy and global medical decision making.
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Introduction
Quality of life (QoL) has emerged as an important
construct that has found numerous applications across
healthcare-related fields, ranging from research and
clinical evaluation of treatment effects to pharmacoeconomic evaluations and global healthcare policy. Each of
these applications imposes different requirements on the
QoL measurement. For clinical applications, specific
changes within a certain disease in patient populations
(in clinical trials) and in individual patients (in daily
clinical practice) (1) should be captured. On the other
hand, pharmacoeconomic evaluation often requires that
health status is expressed as a single summary score (a
health status index), which is capable of identifying and
quantifying differences between diseases as well as
aggregate changes in patients’ health status over time (2).
Impairment of QoL in hypopituitary adult patients
not receiving GH replacement therapy has been evident
for a long time (3). The most consistently observed
complaints in untreated adult patients with GH
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deficiency (GHD) are related to energy levels, vitality,
mental fatigue, emotional reactions, social isolation and
anxiety (4–8). Additionally, reduced self-confidence,
disturbed sex life (6), decreased physical mobility (4),
dissatisfaction with body image (9), poor memory
(10), reduced cognitive function and decreased mood
(11), as well as attention deficits (12) have also been
reported. A higher incidence of mental disorders, more
pronouncedly expressed mental distress and relatively
frequent cognitive dysfunctions complete this picture
(13). The majority of these findings originate from early
studies that were performed in relatively small patient
cohorts followed for a limited period.
The benefits of GH replacement therapy, as assessed
by randomized clinical trials, remain controversial
(14, 15). The largest clinical trials that reported
improvement in QoL in patients who received GH were
conducted by Mårdh et al. (nZ233) (16), Attanasio
et al. (nZ173) (17), Verhelst et al. (nZ148) (18),
Chihara et al. (nZ73) (19), Deijen et al. (nZ48) (20),
Carroll et al. (nZ42) (21), Burman et al. (nZ36) (22)
and Wallymahmed et al. (nZ32) (7). In almost all of
these studies, the benefits of GH were revealed by some,
but not all instruments employed and/or were attributed to certain, but not all, dimensions measured;
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finally, they seemed to be heavily dependent on the
degree of the initial impairment and were partly related
to placebo effect. On the other hand, in the studies by
Cuneo et al. (nZ166) (23), Beshyah et al. (nZ40) (24),
Baum et al. (nZ40) (25) and Sathiavageeswaran et al.
(nZ34) (26) no change in QoL in the treated patients
was found.
Despite the fact that double-blind, randomized and
placebo-controlled clinical trials are a gold standard in
medical research, there are other clinical study settings
that have been used to investigate GH treatment effects
such as open treatment studies, withdrawal studies
and surveillance studies (based on large observational
research databases). In the latter category, HypoCCS
(sponsored by Eli Lilly & Co.) (27) and KIMS (Pfizer
International Metabolic Database) have contributed
most. The principle of such surveillance studies is to
collect data on certain variables, accepting measurements recorded by individual investigators (28), with
no restrictions regarding the number of patients
enrolled or the duration of follow-up. They aim to
collect information as it is recorded by the clinician,
from any patient, with a given condition that they meet
the criteria for the study. In other words, the rule is not
to interfere with routine clinical practice. Not surprisingly, a large number of patients and corresponding
extensive, longitudinal, long-term observations, as well
as documentation of everyday clinical practice based in
‘real life’ are the characteristics of these kinds of
studies. These properties provide the opportunity to
detect rare adverse events and unexpected treatment
responses, and also allows therapy to be monitored in
GH-deficient patients as they appear in daily clinical
practice. In addition, they also give new insights into
atypical or very specific patient subgroups that
otherwise would be very difficult to investigate in a
traditional clinical trial.
The aim of this article is to provide summarized
evidence on GH treatment effects for both clinical and
health economic applications by reviewing QoL
research in the KIMS database. The primary focus is
on those aspects of QoL research that cannot be
investigated in the traditional clinical trial setting,
such as specific patient subgroups, cross-country
comparisons and long-term follow-up.

KIMS database
KIMS, an international pharmacoepidemiological survey (29), was launched in 1994 at the request of
endocrinologists and healthcare decision makers to
monitor the outcomes and safety of long-term GH
replacement therapy (Genotropin) in hypopituitary
adults with GHD being treated in a conventional clinical
setting. The study to date contains data on more than
14 000 patients from 31 countries followed for
w60 000 patient-years. The other aims of KIMS are
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to improve understanding of the consequences of GHD
in adult hypopituitarism and to contribute to optimization of GH replacement.
To enter KIMS, one condition is that each centre
obtains approval from its local ethics committee and
that patients give informed consent, either verbally or in
writing, depending on local legal requirements.
Additionally, enrolment of participants follows good
clinical practice guidelines.
KIMS is run according to the survey guidelines, the
standardized guidance to all personnel involved in the
clinics and at Pfizer (both nationally and globally). Data
are collected electronically or through case report forms
or questionnaires completed by the investigators or
patients respectively and monitored at both national
and central levels (in the Stockholm centralized
database).
According to the ‘By-laws of KIGS and KIMS’,
patient data belong to the participating investigators,
and the database is scientifically governed at different
levels (national and global) by advisory boards, which
consist of representatives of the KIMS investigators.
Pfizer owns the operating systems and provides
financial support (29).

QoL and other patient-reported
outcomes: instruments used in the
KIMS database
To monitor QoL in patients followed in the KIMS
database, two main questionnaires – QoL-Assessment
of GHD in Adults (QoL-AGHDA) (30) and Psychological
General Well-Being (PGWB) (31) – are routinely used.
In the past, Nottingham Health Profile (NHP) (32) was
applied as well. For the studies on the QoL-AGHDA,
adaptation for health economic evaluations EQ-5D (33)
was additionally employed. The patient’s situation is
recorded by the KIMS Patient Life Situation Form (KIMS
PLSF) (34).

QoL-AGHDA
QoL-AGHDA is a disease-specific, need-based measure
(35), which was developed based on in-depth interviews
with adult patients with GHD (nZ35; 14 men; age
range 20–59 years) attending the Christie Hospital in
Manchester, UK.
Almost all patients were dissatisfied with their body
image and complained of lack of energy (94 and 91%
respectively), 83% had problems with memory and
concentration, 71% described themselves as being
short-tempered and easily irritated, 66% suffered from
lack of strength and stamina, 63% experienced reduced
physical and mental drive and 57% had difficulties
coping with stressful situations and avoided external
stimulation (9).
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The measure is constructed of 25 items that evoke
yes/no answers, acknowledging or denying certain
problems. The QoL-AGHDA score is computed by
quantifying a number of recognized problems, i.e. each
‘yes’ answer is assigned a score of 1, and therefore a high
numerical QoL-AGHDA score denotes poor QoL. It is
recommended that incomplete questionnaires should be
excluded from the analysis. It has been shown to have
good reliability, reproducibility, internal consistency and
construct validity across a range of languages (30).
The population normative data for the QoL-AGHDA
are available for the following countries: England and
Wales (36–38), Spain (39), Sweden (37, 40, 41)
and The Netherlands (37). The data for Belgium,
France and Germany are in press.

Psychological General Well-Being
The PGWB was produced as an index that was thought
to measure self-representation of intrapersonal
emotional states to reflect a sense of subjective wellbeing or distress (31). It contains six states (dimensions)
– namely anxiety, depressed mood, positive well-being,
self-control, general health and vitality – with three to
five items assessed for each dimension. The items are
rated on a scale of 0–5 for their intensity or frequency; 0
being the worst score and 5 being the best score. The
sum of the item scores constitutes an overall PGWB
index score, which ranges from 0 to 110. A high score
denotes good QoL. McKenna & Hunt adapted the PGWB
for use in the UK and Europe, and this modified version
is often referred to as the General Well-Being Index
(GWBI or AGWBI) (42).

KIMS PLSF
KIMS PLSF (43) is a patient-reported outcomes (PRO)
questionnaire that records information about the
patient’s personal situation, societal functioning, use
of social care and healthcare resources as well as need
for assistance with daily activities. In addition, KIMS
PLSF contains two visual analogue scales (VAS) for
assessment of the level of and satisfaction with physical
activity, and 5-step Likert scale examining subjective
satisfaction with treatment.

EQ-5D
The EQ-5D, designed as a generic instrument to
measure health, independent of diagnosis or disease
severity (33), defines five dimensions of health: mobility,
self-care, usual activities, pain or discomfort and
anxiety or depression. Each dimension is categorized
into three levels of burden: i) no problem, ii) a moderate
problem and iii) an extreme problem. The combination
of three categories for the five dimensions generates
243 health states with death and unconsciousness,
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in addition. The respondents first indicate the level of
burden that is best applicable and then record their
perception of their general health state on the feeling
thermometer (VAS).

Nottingham Health Profile
NHP is a generic instrument that measures emotional,
social and physical distress. It comprises 38 dichotomous items (yes/no answers) organized in six dimensions: sleep, pain, emotional reactions, social isolation,
physical mobility and energy level. In earlier versions,
NHP also contained seven statements about the extent
to which such distress impacts daily activities. Although
in essence NHP provides a profile of distress in the six
dimensions, it is possible to compute a single score based
on weighted or unweighted profile scores (32).

QoL in adult GHD: clinical approach
Impact of demographic and clinical
characteristics
Gender and age As early as in 1999, the first KIMS
studies showed that before GH treatment women
demonstrate a higher degree of QoL impairment than
men (mean (95% CI) QoL-AGHDA score 10.2 (9.1–
11.3) vs 6.1 (6.0–8.2) respectively) (44), and that the
improvement after 12 months of treatment is greater in
women (mean K4.8 points in QoL-AGHDA score) than
in men (K2.8) (45). Similar results were consistently
reported from subsequent studies in the total KIMS
population (43) as well as in different cohorts such as
patients aged below and above 65 years (46),
originating from a single country (34, 36, 37, 47,
48), and those who developed GHD following treatment
for acromegaly and Cushing’s disease (49), childhoodonset (CO) craniopharyngioma (50), adult-onset (AO)
non-functioning pituitary adenoma (NFPA) (51) and
CO-brain tumours (52). The only exceptions are
patients with AO-craniopharyngioma (50) and with
CO-GHD due to causes other than craniopharyngioma
and brain tumours (52) in whom a gender difference
in QoL was not observed. Some studies showed similar
rates of change in QoL during the treatment in both
genders (34, 43).
The results of the studies analysing the impact of age
on QoL before commencing GH are inconsistent. Some
of them indicate no difference between the age groups
(36, 46, 53), others suggest better QoL in younger
patients (38, 48). Nevertheless, the first observation of
Bengtsson et al. (45) that age has no impact on
beneficial effects of GH therapy was confirmed by
Monson et al. in the studies (46, 53) comparing patients
with AO-GHD aged below and above 65 years as well as
in the recent analysis of response to treatment based on
utilities (38).
www.eje-online.org
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Disease onset Some of the results from the KIMS
database are in agreement with previously published
papers (17) showing that patients with AO disease suffer
from deeper psychological distress and experience
poorer QoL than those who acquired disease during
childhood (36, 38, 50, 54). Others, mainly the early
studies were unable to detect any difference between CO
and AO patients, an observation that could be related to
the low number of patients with CO disease (43, 44).
Interestingly, the initial lesser degree of QoL impairment
in patients with CO-GHD does not diminish their
response to GH treatment and as shown by Abs et al.
(54) and later on by Höybye et al. (52) all patients with
CO-GHD, regardless of primary cause, benefited in QoL
from treatment.
Extent of hypopituitarism: other pituitary
hormone deficits and IGF1 It has been shown that
both isolated GHD and multiple pituitary hormone
deficits (MPHD) affect QoL to a similar degree (43, 54),
and comparable improvements during the GH replacement occur in both groups. Abs et al. (54) reported the
following decreases after 12 months of GH in the mean
(S.E.M.) QoL-AGHDA scores: in AO, K5.3 (0.9) in
isolated GHD and K3.8 (0.2) in MPHD and in CO,
K3.2 (1.0) and K3.5 (0.4) in isolated GHD and MPHD
respectively. None of the comparisons reached statistical
significance.
Similarly, positive responses to GH in QoL were
observed, while comparing eugonadal men with those
who had AO hypogonadism (55).
The recent study of Moock et al. (48) failed to detect
any correlation between the serum concentration of
insulin-like growth factor-I (IGF1) and QoL-AGHDA
scores. Nevertheless, when patients were categorized by
IGF1 SDS, those with IGF1 SDS between K2 and 2 have
lower mean QoL-AGHDA scores (after 12 months of
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GH treatment: 5.1 in men and 5.2 in women) than
those with IGF1 SDS below K2 (7.0 and 6.9 in men
and women respectively) or above 2 (6.3 and 6.1
men and women respectively).
Previous radiotherapy Maiter et al. (56) studied
clinical characteristics and 1- and 2-year responses to
GH treatment in GH-deficient patients who were
previously irradiated for pituitary adenoma or craniopharyngioma in comparison with those who were not.
Although before GH treatment irradiated patients
suffered from greater impairment of QoL (mean (S.D.)
QoL-AGHDA score 10.4 (5.9)) than patients without
irradiation (mean (S.D.) QoL-AGHDA score 9.3 (6.5);
(P!0.02)), there was no difference in the rate of
improvement after 1 and 2 years of treatment.
Primary aetiology The overview of QoL in untreated
GHD depending on primary aetiology is shown in Fig. 1.
Acromegaly and Cushing’s disease. Women with GHD
caused by treatment of acromegaly or Cushing’s disease
had poorer QoL before treatment than those patients
who acquired deficiency due to other aetiologies (mean
QoL-AGHDA score: 14.7; 13.4 and 10.0 respectively)
(49). Furthermore, analysis of response to GH after 6
months of treatment showed improvement only in
patients with other aetiologies, which most likely
reflected the low number of patients with acromegaly
and Cushing’s disease.
Craniopharyngioma. There have been two studies on
craniopharyngioma treatment-related GHD in adult
patients based on the KIMS database: the first compared
clinical features of patients with CO-craniopharyngioma
versus those with AO-craniopharyngioma, before they
started GH replacement as adults (50) and the second
addressed AO-craniopharyngioma in comparison with

Figure 1 Pretreatment QoL-AGHDA scores
in KIMS patients with GH deficiency by
primary aetiology. Data shown are means,
reference number is given in brackets.
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AO-NFPA (51). Both papers showed impaired QoL before
patients started GH therapy. The former study confirmed
previous observations (17) that patients with craniopharyngioma who acquired disease in childhood also reported
better QoL than those who developed the disease as adults
(9.6 S.D. 6.83 vs 11.3 S.D. 6.93 respectively P!0.05). The
latter study observed gender-specific differences in QoL,
namely male patients with craniopharyngioma experienced worse QoL (11.6 S.D. 7.5) than those with NFPA (8.7
S.D. 6.9 P!0.01), while the opposite was true for women
(10.6 S.D. 6.3 in craniopharyngioma versus 13.4 S.D. 7.3
in NFPA P!0.01). A significant improvement after 2
years of GH treatment was observed in all groups of
patients (51).
Non-functioning pituitary adenoma. Patients with GHD
caused by NFPA are often used in the KIMS analyses as
comparators while studying GHD due to other aetiologies. Thus, in the majority of papers, they are matched
for gender and age to reflect characteristics of the main
study arms, and therefore the results may not truly
apply to the typical NFPA patients. For example,
Keleştimur et al. reported median pretreatment QoLAGHDA score of 8 in young women with NFPA (57),
and similarly the results described above originate from
the NFPA cohort, matched for age and gender with
craniopharyngioma patients.
The only analysis that was carried out in a stand-alone
cohort of GH-deficient patients due to treatment of NFPA,
studied patients who were aged below (nZ273) and above
(nZ130) 60 years. None of the patients received GH
treatment before entry into KIMS, all had three or four
additional, pituitary hormone deficits and did not receive
radiotherapy during the treatment of their adenoma.
Patients were followed for 6 years and the exact patient
numbers at each time point are displayed in Fig. 2. In the
younger group, the mean QoL-AGHDA score of 9.6
(95% CI: 8.81–10.46) decreased to 4.7 (95% CI:
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3.00–6.45) (P!0.0001) after 6 years of GH replacement.
Improvement was also observed in older patients:
pretreatment mean QoL-AGHDA score of 8.1 (95%
CI: 6.96–9.26) was reduced to 3.1 (95% CI: 1.08–5.11;
P!0.0001; Fig. 2). Younger patients reported worse
QoL (higher QoL-AGHDA scores) than older patients
at GH start (P!0.05) and after 6 years of treatment.
Sheehan’s syndrome. As reflected by QoL-AGHDA scores,
women with Sheehan’s syndrome felt psychologically
worse than those with NFPA (median 11 vs 8
respectively P!0.001) but responded to GH treatment
equally well (57).
Traumatic brain injury. The first KIMS study on patients
who suffered from traumatic brain injury (TBI) as
adults evaluated response to GH in a relatively small
number of patients (nZ15) in comparison to age- and
gender-matched NFPA group (nZ125) and detected
significant change in QoL-AGHDA score after 1 year of
GH only in the NFPA group (58). In the second study,
Kreitschmann-Andermahr et al. reported a similar
degree of QoL impairment in German patients with
TBI and NFPA (mean QoL-AGHDA score 8.8, S.D. 6.3
and 8.7, S.D. 6.6 respectively NS) and additionally
significant improvement after 1 year of GH replacement
in the TBI group (59).
QoL depending on obesity parameters An interesting
approach was adopted by Abrams et al. (60) who in
their study analysed QoL depending on body mass index
(BMI), waist circumference and fat mass. The study was
twofold. First, the authors showed that pretreatment
QoL was adversely affected in all groups, but the
impairment was greater in obese patients (mean QoLAGHDA score 12.1, S.D. 7.2) compared with those with
normal BMI and overweight (9.8, S.D. 7.1 and 9.5, S.D.
7.0; P!0.001). There was no difference between
patients with normal BMI and overweight. Similar
observations applied to patients with normal and
abnormal waist circumference (9.8, S.D. 7.2 vs 11.2,
S.D. 7.1 respectively P!0.001). In a further analysis,
they evaluated changes in QoL-AGHDA scores after 1
year of GH in patients categorized by a change in the
same obesity parameters; i.e. decreased, no change and
increased BMI, waist circumference and fat mass.
Surprisingly, all groups benefited from GH treatment
(P!0.001); however, the most pronounced improvements were observed in those patients who lost weight.

Evaluation of QoL in relation to the countryspecific general population values
Figure 2 Comparison of QoL-AGHDA scores during 6 years of GH
treatment in GH-deficient patients with non-functioning pituitary
adenoma, aged below and above 60 years. For a clearer picture,
only the lower or upper half of the symmetric confidence intervals
are depicted.

Despite stringent methods applied to the translation and
cultural validation of different language versions of
instruments, there is substantial inter-country variation
in QoL, which is particularly evident in measuring those
aspects of QoL that are more complex and depend on
www.eje-online.org
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mentality, culture and perception of well-being (61, 62).
Such variation was also observed in measuring QoL in
patients with GHD (63).
General population mean QoL-AGHDA scores
(adjusted for gender and modelled at 50 years of age)
differ between the countries with the highest score
obtained in the sample from England and Wales (6.7),
followed by Spain and The Netherlands (5.0 in both
countries) and Sweden (3.9) (37). The KIMS studies
assessed QoL deficit in patients in relation to the
country-specific general population values and detected
cross-country differences in pretreatment results, but a
similar pattern of response to GH. Before the start of GH
treatment, the greatest difference between mean QoLAGHDA scores in the general population and KIMS
patients was found for England and Wales (K9.0, 95%
CI: K9.63 and K8.47), followed by the Spanish (K7.1,
95% CI: K7.89 and K6.36), Dutch (K5.0, 95%
CI: K5.75 and K4.23) and Swedish (K4.4, 95% CI:
K4.92 and K3.89) patients. This observation most
likely reflects the variation in criteria for GH treatment
adopted in the studied countries. The analysis of the
effects of GH treatment showed the greatest improvement during the first year of therapy, followed by less
rapid decrease in the mean QoL-AGHDA score moving
inexorably towards the country-specific normative
values. Similar patterns of response were found in
other subsets of patients, e.g. men, women, CO and AO,
with NFPA and craniopharyngioma (37).
Comparison between patients aged below and above
60 years Similar type of analysis was performed to
compare QoL in GH-deficient patients aged below and
above 60 years from England and Wales (follow-up 6
years), The Netherlands (follow-up 5 years) and Sweden
(follow-up 6 years). The total numbers of patients before
GH start were: England and Wales, !60 years, nZ737
(46% men) and R60 years, nZ174 (55% men);
The Netherlands, !60 years, nZ221 (47% men) and
R60 years, nZ55 (65% men) and in the Swedish
cohort, nZ378 (50% men) and nZ146 (53% men). The
exact numbers of patients per year of follow-up as well as
numbers of individuals in general population samples
are presented in Fig. 3. The mean IGF1 SDS before GH
therapy and the mean starting GH doses per country are
displayed in Table 1. Overall, adjusted for gender, QoL in
patients in both age groups and in each country was
significantly impaired in comparison with their peers
from the general population with the greatest extent of
deterioration observed in the English and Welsh patients
(data not shown). Additionally, in each country, older
patients experienced a lower degree of impairment in
QoL than younger patients. Overall, the beneficial effects
of GH treatment moving the patients’ QoL scores towards
the country- and age-specific general population values
were observed in each group, but there was a remarkable
variation in the extent of improvement. The Dutch and
Swedish patients in both age groups approached the
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Figure 3 Response in QoL (as measured by the QoL-AGHDA in
relation to general population values) during long-term GH
treatment in GH-deficient patients aged below and above 60 years.
Pooled data from England and Wales, The Netherlands and
Sweden. The dotted line depicts general population level. For a
clearer picture, only the lower or upper half of the symmetric
confidence intervals are depicted.

level reported in respective general population samples
earlier than patients in England and Wales. Furthermore, older patients in the former countries responded to
GH treatment in QoL better than younger patients (data
not shown). The analysis performed on the pooled data
yielded the same results (Fig. 3). In conclusion, the
pattern of response to GH was identical in younger and
older patients as previously described (37) with the most
dramatic improvement during the first year of GH, which
thereafter continued in a less rapid manner drifting
gradually towards the general population values.
Comparison between younger and older patients
with CO-GHD The lesser extent of QoL deterioration in
patients with CO-GHD compared with AO-GHD was
previously reported (17), but there is no information on
how QoL in patients with CO disease relates to age-,
gender- and country-matched general population
values and no difference between younger and older
patients. Therefore, the same methodology as described
above was applied to compare patients with CO-GHD
aged 18–25 years with those aged 26–50 years. Both
general population and patient data originated from
four countries (England and Wales, The Netherlands,
Spain and Sweden). All patients were off GH for at least
6 months prior to the entry into KIMS. Before GH,
patients in both groups demonstrated deficit in QoLAGHDA scores compared with the general population
values. The deficit was smaller in younger patients
(K4.1, 95% CI: K4.97 to K3.15) than in older
patients (K5.9, 95% CI: K6.64 to K5.24). The
absolute mean values of QoL-AGHDA scores were as
follows: in the younger group, general population
(nZ464) 5.4 (95% CI: 4.91–5.98) and in patients
(nZ245) 9.5 (95% CI: 8.81–10.20), and in the older
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Table 1 The mean insulin-like growth factor-I (IGF1) SDS and GH dose per age and country. Data shown as mean (S.D).
England and Wales

IGF1 SDS at baseline
IGF1 SDS at 1 year
GH dose at baseline (mg/day)
GH dose at 1 year (mg/day)

The Netherlands

Sweden

!60 years

R60 years

!60 years

R60 years

!60 years

R60 years

K1.5 (1.64)
0.5 (1.43)
0.28 (0.12)
0.38 (0.20)

K1.3 (1.19)
0.8 (1.40)
0.24 (0.12)
0.31 (0.14)

K2.3 (1.74)
0.3 (1.56)
0.21 (0.14)
0.40 (0.21)

K2.1 (1.75)
0.7 (1.36)
0.20 (0.13)
0.27 (0.14)

K2.1 (1.79)
0.1 (1.42)
0.13 (0.14)
0.34 (0.18)

K1.8 (1.41)
0.5 (1.31)
0.11 (0.08)
0.26 (0.13)

group: nZ1988, 5.0 (95% CI: 4.75–5.24) and nZ263,
10.9 (95% CI: 10.29–11.58) respectively. The response
to GH treatment was evaluated during 6 years of followup and the results showed beneficial effects consistent
with those observed in the previous studies (Fig. 4);
however, younger patients reached the QoL levels of the
general population earlier than older patients. It can be
concluded that patients with CO-GHD regardless of their
age demonstrate considerable deterioration in QoL
before they restart GH and benefit from GH therapy.
QoL dimensions affected in GHD The randomized
clinical trials revealed that GHD mostly affects energy
levels, emotional reactions, cognition function and
social functioning. Problems in these dimensions are
reflected in the QoL-AGHDA items, which for the subset
of studies were categorized into: problems with socialising, tenseness, self-confidence, tiredness, and memory
and concentration. The scores for each dimension were
standardized as percentage of items within a dimension
that a respondent expressed problems with. The
comparisons between levels of problems in general
population samples and patients in the age-, genderand country-matched manner were performed.
The general analyses of pretreatment scores showed
significant impairment in patients on all QoL dimensions compared with respective population data. In all
countries, problems with memory and tiredness

Figure 4 Response in QoL (as measured by the QoL-AGHDA in
relation to general population values) during long-term GH
treatment in patients with childhood-onset GH deficiency by age
groups. Dotted line depicts general population level. For a clearer
picture, only the lower or upper half of the symmetric confidence
intervals are depicted.

considerably exceeded those reported in other dimensions, and despite significant improvement during
treatment, these two dimensions remained adversely
affected throughout the follow-up (between 2 and 7
years). The first dimension to reach the population
levels was social isolation regardless of the country of
origin, followed by tenseness and problems with selfconfidence (37).
To examine whether there is age-related specificity in
the behaviour of QoL dimensions during long-term GH
replacement (6 years), similar analysis was conducted in
patients aged below and above 60 years. The data were
available for 2630 individuals aged !60 years in the
general populations from England and Wales, The
Netherlands and Sweden together with patient data
(nZ1336 before GH start) from corresponding
countries. The older groups consisted of 1135 persons
in the general population and 375 patients. The exact
patient numbers per year of follow-up as well as response
to treatment per dimension are presented in Fig. 5, and
GH dose and IGF1 SDS in Table 1. In summary, older
individuals in the general population reported more
problems with memory and concentration and tiredness, but less problems with tenseness, socialising and
self-confidence, than the younger people. Although,
patients in both age groups reported deficit in QoL before
GH treatment, on average older patients experienced
fewer problems in all dimensions than younger patients.
Overall, the most dramatic improvement in both patient
groups occurred during the first year of GH therapy for
all dimensions, which was sustained during the followup. Interestingly, older patients within 2–3 years of
treatment reached the general population levels in all
dimensions, whereas the younger patients after 2 years
of treatment only normalized problems with socialising.
In the latter group, only tenseness and self-confidence
were indistinguishable from the general population by
the end of follow-up, and memory and concentration as
well as tiredness remained adversely affected, despite
significant improvement during treatment.
The last group of KIMS patients studied for dimensional response in QoL were patients with CO-GHD
divided into younger (18–25 years) and older groups
(26–50 years). All reported significantly more problems
(Table 2) in all dimensions compared with the general
population, and surprisingly, the order of impairment
was identical as identified in the studies described above.
There was a slight tendency in older patients to report
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Figure 5 Response in QoL dimensions (as measured by the QoL-AGHDA in relation to general population values) during long-term
GH treatment in GH-deficient patients aged below and above 60 years; (a) memory and concentration, (b) tiredness, (c) tenseness,
(d) socialising and (e) self-confidence. The dotted line reflects the mean percentage of recognized problems (impairment) for each
dimension in general population level (the absolute values per age group and dimension are displayed). The y-axis depicts the percentage
of additional impairment in patients with GHD in relation to the general population values. Reaching the dotted line means getting closer to
the general population values.

greater extent of problems than younger patients. In
both age-groups, the patterns of response to GH
mimicked those previously reported (Fig. 6).
The innovative finding of the KIMS studies on QoL
dimensions is consistent sequence of dimensions
ordered by a degree of impairment, i.e. memory and

concentration and tiredness affected most, followed by
self-confidence, tenseness and social isolation. Strikingly, improvement with GH treatment seems to occur
in the reverse order with the dimension impaired to the
least extent (problems with socialising), normalising
first (Fig. 7).
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Table 2 Mean percent of increase in proportion of problems
recognized by patients with childhood-onset GH deficiency by age
in relation to general population.

Memory and
concentration
Tiredness
Tenseness
Socialising
Self-confidence

18–25 years (%)

26–50 years (%)

24

28

28
19
15
17

32
28
19
22

Health economic evaluations
Healthcare utilization
Both consumption of healthcare resources and patients’
personal and societal functioning largely modify a
burden of disease and are major contributors to societal
healthcare costs. The first assessment of the burden of
GHD was undertaken in a Belgian cohort of adults with
untreated GHD (nZ129). The study showed reduced
QoL (measured by SF-36) and a higher rate of
unemployment due to health problems (11% of patients
versus 4.8% of the Belgian population), accompanied by
a higher annual number of sick leave days in those who
were employed (twice as high as the population
average). Healthcare utilization, expressed as an annual
number of visits to general practitioners and specialists
as well as hospitalization days, was also higher than in
the general population. Overall, the estimated annual
healthcare costs and costs of diminished productivity
per hypopituitary patient approximately doubled the
mean annual costs per person for the Belgian
population (64).
The results of large Spanish longitudinal survey in
untreated GH-deficient patients (nZ356) reflected a
similar tendency (65). The detailed Swedish analysis of
total societal costs of hypopituitarism when conventional hormonal replacement for all pituitary axes
except for GH was administered, yielded concordant
results (66).
One randomized clinical trial showed a decrease in
the number of hospitalization days and sick leave days
in patients who received an active drug (18).
The first KIMS report on the reduction in sick leave
days, doctor visits, hospitalization days and need for
assistance in daily activities during the first 12 months of
GH replacement was based on the patient data pooled
from several European countries (43). In order to
eliminate the impact of different healthcare systems,
two other studies in a single country environment were
conducted. Furthermore, these studies evaluated GH
effects after 2 (34) and 3 years (47) and attempted to
identify the relation between changes in QoL and
healthcare consumption. In the Swedish study, the
number of doctor visits and hospitalization days was
reduced after 3 years, whereas the number of sick leave
days decreased after 2 years and returned towards
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baseline values after 3 years. There was no change in the
proportion of patients who reported a need for assistance
in daily activities. Level of and satisfaction with leisure
physical activity increased and was correlated with
improvement in QoL, but there was no relation between
changes in QoL-AGHDA scores and consumption of
healthcare resources. These findings were concordant
with the results obtained in the German and Dutch
cohorts during 2 years of GH treatment (34).
Two other studies examined employment status at
the time of entry into KIMS in patients with GHD caused
by treatment for craniopharyngioma, both CO and AO.
Out of 257 patients, 8.9% of CO and 3.8% of AO patients
were unemployed but fewer CO patients (15.8%) than
AO (19.2%) were on sickness benefit. The latter finding
may be related to the higher employment rate in the AO
patients (50). Similar employment rates were described
in patients with AO-craniopharyngioma and AO-NFPA
(51). The proportion of patients unable to work because
of sickness or disability was equally high in both groups
– between 17 and 18%.

QoL measurement for use in
pharmacoeconomic evaluations
Pharmacoeconomic evaluation, commonly used in
medical decision making, requires that health status
is expressed as a preference-based single summary
score (a health status index), which is capable of
identifying and quantifying differences across diseases
as well as aggregate changes in health status over time
(2). Quality-adjusted life year (QALY), a most frequently used health status index, combines information
on the length of life (quantity) and the QoL, where the
latter is measured by utilities on a scale that has values
of 1 and 0 respectively for full health and death (67).
The unit QALY is therefore defined as 1 year of life with
full health (68). In the theoretical basis for QALY
provided by Torrance, full health was defined as ‘perfect
functioning’. Utilities are an individual’s preferences for
a certain health state assigned under uncertainty (69).
As condition- or disease-specific measures, e.g. the QoLAGHDA, are not preference-based they lack legitimacy
for direct use in cost-utility analysis. Hence, there is a
need for transformation to derive utilities to be able to
compute QALY and thus to apply treatment results as
measured in clinical practice to pharmacoeconomic
evaluation.
The first attempt to derive utilities for changes in QoL
during GH treatment was undertaken in the UK by
NICE. Two-step mapping was performed. First, NHP
scores were mapped on to the SF-6D, which generated
NHP-based utilities, and these were subsequently
mapped on to QoL-AGHDA scores (70). The results of
this method should be viewed with caution as it
incorporated indirect mapping between NHP and QoLAGHDA in different datasets, which may lead
to inaccuracy. Furthermore, during the initial step,
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Figure 6 Response in QoL dimensions (as measured by the QoL-AGHDA in relation to general population values) during long-term GH
treatment in patients with CO-GHD. (a) Memory and concentration, (b) tiredness, (c) tenseness, (d) socialising, (e) self-confidence. The
dotted line reflects the mean percentage of recognized problems (impairment) for each dimension in general population level (the absolute
values per age group and dimension are displayed). The y-axis depicts the percentage of additional impairment in patients with GHD in
relation to the general population values. Reaching the dotted line means getting closer to the general population values.

NHP-based utilities were estimated for general practice
patients, but not for the general population (as
requested by health economists).
Within the scope of the KIMS database, models for
generating utilities (QoL-AGHDAutility) directly from
QoL-AGHDA were developed. They were based on EQ5D and QoL-AGHDA data collected in separate surveys

in the general population samples in England and Wales
and Sweden (36, 41). Subsequently, QoL-AGHDA scores
in the English and Welsh KIMS patients were transformed
into QoL-AGHDAutility, and those were compared to
utilities calculated in the respective general population.
The aim of this study was to evaluate the effects of GH,
measured by QoL-AGHDAutility in relation to population
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There are, however, certain limitations, which should
be borne in mind while conducting studies within an
observational database survey. Such limitations can be
categorized as related to the patient cohort, e.g. selection
bias, comparability of patient subsets and problems with
pooling data, completeness of data and unequal
duration of follow-up as well as limited availability of
comparators. The detailed discussion on strengths and
limitations of observational surveys/databases is
included in the introductory article by Wilton in this
issue of the European Journal of Endocrinology (73).

Figure 7 Dimensions by degree of impairment and order
of improvement towards the population values. (KoltowskaHäggström et al. European Journal of Endocrinology 2006 155
109–119. Reproduced with kind permission of the European
Society of Endocrinology.

values and examine potential specificity in different
patient subgroups. QoL-AGHDAutility in patients before
GH treatment differed from the population values (0.67,
S.D. 0.174 vs 0.85, S.D. 0.038 P!0.0001) constituting a
mean deficit of K0.19 (S.D. 0.168). There was a
difference in the mean QoL-AGHDAutility deficit for
men K0.16 (S.D. 0.170) and women K0.21 (S.D.
0.162; P!0.001). The main improvement occurred
during the first year of treatment; however, the patients’
utilities remained impaired during subsequent followup, different (P!0.001) from those reported by the
general population. Despite an observed impact of age,
primary aetiology, disease onset and co-morbidities on
QoL-AGHDAutility, all patients showed similar beneficial
response to treatment. The study concluded that utility
derived directly from the QoL-AGHDA efficiently
monitors treatment effects in patients with GHD and
can be used as treatment outcome in health economic
evaluations.

Source of data: strengths and limitations
of open observational studies
The presented summary of the KIMS studies on QoL in
adult GHD should be viewed in the light of strengths
and limitations inherent in the nature of large, open
observational surveys. As the principle of such surveys is
to reflect routine clinical practice by collecting clinical
information with no restrictions on the number of
patients enrolled, the duration of follow-up or setting
strict study inclusion criteria (71, 72), their main
strengths lie in the large number of patients and corresponding extensive, longitudinal, long-term observations,
as well as documentation of everyday clinical practice
based in ‘real life’. The abundance of data provides, as
shown in our paper, possibilities to study specific patient
subgroups, also in country-specific settings and to analyse long-term follow-up of certain clinical parameters.

Final remarks
Impaired QoL with its clinical, psychological and health
economic consequences is an important clinical feature
of GHD in adult patients and assessment of the QoL
dimensions particularly related to energy and vitality,
is of value in monitoring treatment effects (74). In this
article, we provide a critical review of the evidence on
QoL in adult GHD derived from the KIMS database and
show ways in which it complements information based
on other types of studies. We conclude that the wide
spectrum of analyses performed on the KIMS data
allows for practical application of the results not only
to research and clinical practice but also to health
policy and global medical decision making.
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Kołtowska-Häggström M, Kind P, Monson JP & Jonsson B. Growth
hormone replacement in hypopituitary adults with growth
hormone deficiency evaluated by a utility-weighted quality of life
index: a precursor to cost-utility analysis. Clinical Endocrinology
2008 68 122–129.
Badia X, Lucas A, Sanmarti A, Roset M & Ulied A. One-year followup of quality of life in adults with untreated growth hormone
deficiency. Clinical Endocrinology 1998 49 765–771.
Wirén L, Whalley D, McKenna SP & Wilhelmsen L. Application of
a disease-specific, quality-of-life measure (QoL-AGHDA) in growth
hormone deficient adults and a random population sample in
Sweden: validation of the measure by Rasch analysis. Clinical
Endocrinology 2000 52 143–152.
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