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Summary

Due to the positive effects demonstrated in randomized clinical

trials on cardiovascular surrogate markers and bone metabolism,

a positive effect of growth hormone (GH) treatment on clini-

cally relevant end-points seems feasible. In this review, we dis-

cuss the long-term efficacy and safety of GH treatment in adult

patients with growth hormone deficiency (GHD) with emphasis

on morbidity: fatal and nonfatal cardiovascular disease (CVD)

and stroke, fractures, fatal and nonfatal malignancies and recur-

rences, and diabetes mellitus. A positive effect of GH treatment

on CVD and fracture risk could be concluded, but study design

limitations have to be considered. Stroke and secondary brain

tumours remained more prevalent. However, other contributing

factors have to be taken into account. Regrowth and recurrences

of (peri)pituitary tumours were not increased in patients with

GH treatment compared to similar patients without GH treat-

ment. All fatal and nonfatal malignancies were not more preva-

lent in GH-treated adults compared to the general population.

However, follow-up time is still relatively short. The studies on

diabetes are difficult to interpret, and more evidence is awaited.

In clinical practice, a more individualized assessment seems

appropriate, taking into consideration the underlying diagnosis

of GHD, other treatment regimens, metabolic profile and the

additional beneficial effects of GH set against the possible risks.

Large and thoroughly conducted observational studies are

needed and seem the only feasible way to inform the ongoing

debate on health care costs, drug safety and clinical outcomes.

(Received 25 February 2014; returned for revision 19 March 2014;

finally revised 11 April 2014; accepted 15 April 2014)

Introduction

Since the early sixties, growth hormone (GH) has been adminis-

tered to children with impaired growth. Initially, GH was recov-

ered from donor pituitaries and was therefore scarce. In 1985,

GH treatment was banned because of the discovery of Creutz-

feldt–Jakob disease in more than one recipient of human GH.1

Almost at the same time, however, recombinant human GH was

manufactured, and thereby, the shortage came to an end. Broad-

ening of the indications for GH treatment was enabled.

Growth hormone deficiency (GHD) in adults has been recog-

nized as a metabolic syndrome, characterized by an adverse body

composition and lipid profile.2 This negative metabolic profile

has been hypothesized to be responsible for the increased cardio-

vascular mortality encountered in patients with hypopituitarism

with all, but GH, substitution therapies.3 In addition, there is

decreased bone mineral density, muscle strength, exercise capac-

ity, cognitive function and quality of life (QoL) in patients with

severe GHD.2 Since the late eighties, more and more studies,

mostly short term, have demonstrated positive effects of GH

treatment on the above-mentioned outcome measures.4–9 Subse-

quently, it has been demonstrated that the effects of GHD in

adults result in increased direct and indirect health care costs,

including more inpatient care, use of disability pension and sick

leave, compared with the general population.10,11 Based on the

above-mentioned studies, GH treatment was approved for adults

with severe GHD in Europe in 1995 and in the United States

(US) in 1996.

As GH treatment has been administered for more than

20 years to numerous adults with severe GHD, more data on

long-term efficacy and safety should be arising. Most long-term

data come from observational studies, mainly postmarketing

surveillance databases (Pfizer International Metabolic Database

(KIMS) and Hypopituitary Control and Complications Study

(HypoCCS) from Eli Lilly & Company) and some national regis-

tries. These long-term studies, as recently described in a system-

atic review by Appelman-Dijkstra et al.,12 demonstrated a

sustained positive effect on QoL. The long-term results for
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cardiovascular risk factors are variable. Whether long-term GH

treatment has implications for the incidence of cardiovascular

morbidity and fractures remains to be established. In a recent

review, four studies investigating the effect of GH treatment on

all-cause mortality are described, and no increased mortality was

found in men compared to the general population. Women and

patients from high-risk groups (previous craniopharyngioma,

Cushing’s disease, malignant causes of hypopituitarism or

aggressive tumours) still have a slightly increased risk, but prob-

ably lower than in untreated GHD seen in earlier studies.13 Next

to efficacy, more data are awaited on safety measures. Active

acromegaly, with pathologically high insulin-like growth factor-1

(IGF-1) levels, has been suggested to be associated with an

increased risk for colonic neoplasia.14 Epidemiological studies

have reported associations of even high-normal IGF-1 levels with

an increased risk of developing prostate and breast cancer,15

while other studies have not.16 IGF-1 is a key regulator of cell

proliferation and an inhibitor of apoptosis and necrosis, but also

acts as insulin antagonist. It has been demonstrated that adults

with GHD have an impaired insulin sensitivity,17 which deterio-

rates during the first months of treatment with GH.18 Whether

this subsequently leads to sustained impairment during long-

term treatment, and to a higher incidence of diabetes mellitus, is

unclear. The heterogeneity of adults with GHD, the mostly inev-

itable observational nature of studies, and the dependence on

data from postmarketing studies make research in this field chal-

lenging.

In this review, we discuss the literature on the long-term effi-

cacy and safety of GH treatment in adult patients with GHD,

with particular emphasis on morbidity: fatal and nonfatal CVD

and stroke, fractures, fatal and nonfatal malignancies and recur-

rences, and diabetes mellitus.

Search strategy and selection criteria

A review protocol was developed based on the Preferred Report-

ing Items for Systematic Reviews and Meta-Analysis (PRISMA)

statement.19 Databases were searched from inception and Pub-

Med up to 5 February 2014 and Embase.com and Wiley/Cochra-

ne Library up to 11 February 2014. The following terms were

used (including synonyms and closely related words) as index

terms or free-text words: ‘adult’ or ‘aged’ and ‘growth hormone

deficiency’ or ‘hypopituitarism’ and ‘growth hormone’ or

‘somatotropin’ and ‘cardiovascular disorder’ or ‘cerebrovascular

disorder’ or ‘mortality’ or ‘morbidity’ or ‘neoplasm’ or ‘diabetes

mellitus’ or ‘bone fracture’ and ‘systematic review’ or ‘cohort

study’. The full search strategy in Embase.com can be found

in the Supplementary Information. Duplicate articles were exclu-

ded. All languages were accepted. Two reviewers assessed the

title and abstract of studies identified by the search strategy,

obtained the full text of relevant papers and screened them

against the selection criteria: GH treatment in adults with GHD,

clinical end-points of interest as outcome measure compared to

a control group and only original articles. Relevant references

cited in retrieved articles were reviewed. Figure 1 shows the

results of the study selection. Data from included studies were

extracted by one reviewer and checked by a second. The quality

of the studies was assessed based on the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

statement.20

Results

Results of the systematic review on efficacy (CVD and stroke,

and fractures) will be described per outcome measure, preceded

by an introduction on the effects of untreated GHD and the

outcome measure of interest, and some facts about the effects of

GH treatment on the corresponding surrogate markers. Results

of the systematic review on safety outcome measures (malignan-

cies and recurrences, and diabetes mellitus) will be introduced

by knowledge of untreated GHD and the outcome measure of

interest and some data from studies in children with GH treat-

ment.

Efficacy

Fatal and nonfatal cardiovascular disease and stroke. In untreated

GHD, it has been demonstrated that there is an adverse

metabolic profile reflected in many cardiovascular risk factors.

Schneider et al.21 demonstrated an increased 10-year risk for

cardiovascular events in adult patients with GHD, calculated

with the Prospective Cardiovascular M€unster Heart Study score

(PROCAM), compared to healthy controls (4�6 vs 3�7%). It has

been suspected that there must be more cardiovascular

morbidity in these patients, but only few studies were able to

look at this clinical end-point. B€ulow et al.22 demonstrated in

2000 a threefold increased incidence rate of CVD in 33 female

patients with hypopituitarism without GH treatment compared

with a well-matched control group. In 2004, Svensson et al.23

Fig. 1 Flow diagram of study selection. *One publication can cover

multiple clinical end-points. GHD, growth hormone deficiency; GH,

growth hormone; CVD, cardiovascular disease.
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investigated the risk for cardiovascular morbidity in 1411

hypopituitary patients without GH replacement (5593 patient-

years). The total risks for myocardial infarction (men: risk ratio

(RR), 1�20 (95% CI 0�88–1�60); women: RR, 1�87 (95% CI 1�27–
2�65)) and cerebrovascular events (men: RR, 2�27 (95% CI 1�71–
3�02); women: RR, 3�46 (95% CI 2�53–4�61)) were increased

compared with the general population. In 2008, Stochholm

et al.24 published data on all and cause-specific morbidity in

1794 GHD patients compared to 8014 controls from Danish

registries. Data were stratified for childhood- or adult-onset

GHD and gender. In all groups, the cardiovascular morbidity

was increased, although more in women than in men. Data on

GH treatment were not included in this study so it is unclear

whether this increased morbidity is primarily a result of the

pituitary status despite treatment or lack of treatment. Overall,

the aetiology of GHD, for instance craniopharyngioma, or

(overtreatment of) other pituitary hormone deficiencies could be

contributing factors.25

The effect of GH treatment on surrogate markers for CVD has

been studied frequently. Salomon et al.8 were among the first to

demonstrate a positive effect on body composition in a blinded

placebo-controlled clinical trial. Next to body composition, in

short-term studies the lipid profile seems positively affected by

GH treatment.5 The evidence for a positive effect on other cardio-

vascular parameters is less clear, although several short-term stud-

ies have demonstrated increased left ventricular mass and stroke

volume, and a decreased intima-media thickness after GH treat-

ment.26,27 Overall, taking different surrogate markers together,

Schneider et al.21 demonstrated in 344 adult patients with GHD

treated with GH for 2 years a decrease in 10-year risk of cardiovas-

cular events based on the PROCAM score (2�4 vs 4�6%).

The systematic literature search on the effect of GH treatment

on the risk for CVD or cardiovascular mortality revealed seven

studies (Table 1):23,28–33 three only on cardiovascular mortal-

ity28,30,31 and four on all cardiovascular events.23,29,32,33 Five of

the seven studies described nonfatal stroke or stroke mortality

separately.23,28,30–32 The duration of follow-up varied between

0�8 and 9�6 years. Only two studies used patients with GHD

without GH treatment as a control group.29,33 They described

similar risks for CVD in both groups, but these studies had the

shortest duration of follow-up (0�8 and 2�3 years). The other

studies used the general population as reference and calculated

standardized mortality ratio (SMR) or incidence ratio, occasion-

ally stratified by gender. Svensson et al.23 demonstrated in a

Swedish single-centre cohort of 289 patients treated for 5 years a

decreased risk for myocardial infarctions. The risk for cerebro-

vascular events was not increased. Holmer et al.32 demonstrated

in a national cohort of 750 GHD patients treated for 6 years a

decreased incidence of CVD, but only in men. The incidence of

nonfatal stroke was not increased in men and women. Three

other studies looked at all-cause and cause-specific mortal-

ity.28,30,31 The SMR for CVD mortality varied from 0�83 to 1�35,
but was never significantly increased, except for women in one

study.31 Cerebrovascular mortality was analysed separately, and

in two studies this was increased, with SMRs of 1�88 (95% CI,

1�44–2�41)30 and 2�54 (95% CI, 1�41–4�59).31

In conclusion, seven studies investigated the morbidities

CVD and stroke. Four studies were based on data from two

postmarketing databases (probable overlap of patients), two

studies from national registries and one single-centre study.

The risk of CVD was not decreased after GH treatment com-

pared to a group of patients with untreated GHD, which is

unexpected. However, the follow-up duration was only

2�3 years, and stroke was included in the analyses. When the

development of CVD or cardiovascular mortality was analysed

in large national or international cohorts, the risk or mortality

ratios seem comparable to the background population. One

could conclude that GH treatment protects against the devel-

opment of CVD, but in these observational studies, it is diffi-

cult to relate the effect fully to GH treatment due to missing

information on other possible contributing factors such as

concomitant medication and improvement of other treatment

regimens over time. In the study by Holmer et al.,32 concomi-

tant medication was presented, and the authors conclude that

the incidence of nonfatal cardiac events or stroke was no

longer increased due to GH treatment, possibly together with

cardioprotective medication. The effect is more obvious in

men than in women in one study. However, in untreated

GHD the risk ratio for CVD was already higher in women

than in men. The mortality rate due to stroke remained

increased in two of three studies. Of course, the effects of the

underlying diagnosis of GHD, for instance large pituitary

tumour masses with hypothalamic involvement, and cranial

radiotherapy, have to be taken into account. Most studies

demonstrated worse SMRs in high-risk patients, which under-

lines this argument.

Fractures. In both childhood- and adult-onset GHD, bone

mineral content is reduced. Younger age and greater severity of

GHD appear to be associated with low bone mineral density

(BMD).34 A number of studies have used BMD in adult patients

with GHD as a surrogate marker for fracture risk. The risk of

(non)vertebral fractures appears to be increased in GHD

patients. Ros�en et al.35 demonstrated in a population of 107

hypopituitary patients without GH treatment an increased odds

ratio (OR) compared with the background population during

13�4 year of follow-up. The OR for men was 3�97 (95% CI,

1�81–8�40) and 2�64 (95% CI, 0�89–7�81) in women. In KIMS, a

subgroup of 264 patients aged more than 50 years were

compared to healthy controls of the same age, and a 2�7-times

higher fracture rate was found.36 Other pituitary hormone

deficiencies or their treatment regimens could also be related to

an increased fracture risk. However, there was no significant

difference in the prevalence of fractures between patients with

isolated GHD and those with multiple pituitary hormone

deficiencies.37 Next to decreased BMD, it has to be considered

that, especially in older patients with GHD, increased risk of

fractures could also be because of more falls, which could be

either due to visual deficits caused by pituitary tumours or their

treatment or to decreased muscle strength.

Growth hormone treatment in adult patients with GHD

increases bone turnover, which, in the first months of treatment,

© 2014 John Wiley & Sons Ltd
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is demonstrated by increased levels of markers for bone resorp-

tion.38 The increase in BMD is larger in patients with child-

hood- than adult-onset GHD,34 and more in men than in

women.39,40 Most studies on the long-term effects of GH treat-

ment on bone metabolism describe an increase in BMD within

the first 5 years and reaching a plateau phase,12 even up to

15 years of follow-up, especially in men.41 Possibly, the positive

effect of GH treatment on muscle strength could contribute to

the positive effect of GH on bone.

The systematic literature search revealed four studies on frac-

ture risk in adult patients with GHD on GH treatment

(Table 2). Two studies investigated the incidence of all fractures

from information gained through questionnaires,42 and when

possible verified by radiological documentation in one.36 Maz-

ziotti et al.43,44 reported twice on vertebral fractures judged by

one trained observer based on morphometric analysis of X-ray

examinations. W€uster et al.36 studied the prevalence of all frac-

tures in GH-naive and non-naive patients entered in the KIMS

database. The non-naive patients were treated with GH for a

mean duration of 1�8 years before entry. The prevalence of frac-

tures was similar except for patients older than 50 years and in

men <30 years of age where the prevalence was lower in the

non-naive vs naive patients. Holmer et al.42 demonstrated in a

national study on 832 patients compared to matched population

controls an increased incidence of all fractures only in GH-trea-

ted women with childhood-onset GHD. Mazziotti et al.44 inves-

tigated the prevalence of radiological spinal deformities in 107

adult patients with GHD and demonstrated that GH treatment

in 65 of them decreased the fracture rate significantly. In the

GH-treated men, the OR was 1�3 (95% CI, 0�5–3�1) and in

women, the risk remained elevated (OR, 4�0 (95% CI, 1�6–
10�1)) compared to control patients with X-rays available

(excluding patients with known diseases that affect bone status).

Four years later, the same group reported the OR for fracture

risk for untreated GHD men after adjustment for glucocorticoid

dose and urinary cortisol levels. The risk was increased

compared with the GH-treated male patients.43

In conclusion, GH treatment seems to decrease the risk of

fractures to rates similar to the general population, especially in

adult-onset GHD and men. GH treatment could protect against

fractures, but the mechanism is not resolved. Still, the effect of

GH on, for instance, muscle strength could be contributing.

Next to that, the incidence of fractures measured by question-

naire is susceptible to underreporting. Also, vertebral fractures,

not always noticed by subjects, are missed. Nevertheless, the

control groups used were investigated similarly. Mazziotti et al.44

demonstrated in a relatively small study population that the ver-

tebral fracture risk is higher in untreated compared with

GH-treated patients with GHD based on X-ray analysis. When

compared to healthy controls, only the OR in GH-treated

women remained increased.

Safety

Fatal and nonfatal malignancies and regrowth or recurrences. In

early studies on patients with hypopituitarism, the data

regarding the incidence of malignancies were conflicting.45,46 A

factor to take into account is the heterogeneity of patients with

hypopituitarism and subsequent GHD. For instance, patients

with pituitary adenomas already have a twice the standardized

mortality rate from all-cause mortality, and excess mortality

from tumours has also been observed.47 Other studies have not

found this increased mortality risk.48,49 Popovic et al.50

compared patients with acromegaly, prolactinoma and

nonfunctioning pituitary adenomas to the general population

and a control group of patients with Graves’ disease followed in

the same clinic up to 1998. They demonstrated the overall

incidence of malignancies in patients with acromegaly and

nonfunctioning pituitary adenomas to be higher than expected.

The authors suggested that patients with pituitary adenomas

could have an inherent increased risk for malignancies.

However, a few years later, a study in 328 patients treated for a

pituitary tumour did not confirm this increased risk.51

The effect of cranial radiotherapy on secondary intracranial

malignancies should also be considered. In a study by Erfurth

et al.,52 an increased risk for secondary brain tumours was dem-

onstrated by meta-analysis of three studies on irradiation for

pituitary tumours. Later, Sattler et al.53 compared 236 patients

who received radiotherapy after pituitary surgery compared to

226 patients with surgery alone who were followed for a median

of 14 years. The risk of intra- and extracranial tumours, as well

as mortality, was not increased. In 1411 patients with hypopitu-

itarism without GH treatment, the risk ratio for all fatal and

nonfatal malignancies compared to the general Swedish popula-

tion was 1�83 (95% CI, 1�53–2�17).23 In the Danish nationwide

study of patients suffering from GHD, the hazard ratio of cancer

morbidity was increased in men and women, and in both child-

hood- and adult-onset GHD.24 As publications on IGF-1 levels

within the normal range being positively associated with the risk

of developing malignancies, one study has investigated this rela-

tionship in adult GHD patients using GH treatment. They did

not find an association with IGF-1 concentration, but did with

IGFBP2 and BP3.54 However, these associations are often looked

at cross-sectionally, and a longitudinal approach could diminish

the effect an active malignancy might have on circulating IGF-1

and IGFBP levels.

In children with GH treatment, more long-term and safety

data are available. Of course, there are limitations, but most

studies reveal an overall favourable safety profile. An increased

risk of leukaemia, which was often feared, was no longer

encountered.55,56 There was some concern about second neopla-

sia in childhood cancer survivors, but the risk diminished with

increased length of follow-up.57 However, in a recent study

combining two surveillance databases, an increased incidence of

second neoplasia was demonstrated in childhood cancer survi-

vors treated with GH. Nevertheless, follow-up was relatively

short.58 In GH-treated children without a history of prior can-

cer, or supposed predisposition, no evidence was found for an

increased risk of cancer compared to the normal population.59

In a recent French study in low-risk children, an increased risk

for mortality due to bone tumours, next to cardiovascular dis-

ease, was demonstrated.60 Studies from Savendahl et al.61 and

© 2014 John Wiley & Sons Ltd
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Mo et al.62 could not confirm these findings in similar popula-

tions from other countries. The aetiology of childhood-onset

GHD was found to be of great influence on mortality outcome

in a Danish national study.63

The systematic literature search on malignancies and regrowth

or recurrence in adult patients with GHD on GH treatment

revealed 14 studies. Nine of these studies looked at regrowth or

recurrence of (peri)pituitary tumours, mostly based on brain

imaging (Table 3A),29,33,64–70 and six investigated all malignan-

cies or malignancy as cause of death in mixed aetiologies of

GHD (Table 3B).23,28–31,71 One study looked at both out-

comes.29 Three studies only investigated mortality rates due to

malignancies compared to mortality rates in the general popula-

tion. Gaillard et al.30 investigated 13,983 GHD patients in KIMS,

treated for a mean duration of 4�9 years, where Burman et al.28

further described causes of death in the Swedish patients in

KIMS. Together with a Dutch national study of 2229 patients

with GH treatment,31 all three did not find increased mortality

rates due to all malignancies (SMRs ranging from 0�86 to 0�92).

However, Burman et al.28 did find an increased SMR for sec-

ondary brain tumours (SMR, 9�40 (95% CI, 4�50–17�29)). Six of

the eight patients with a de novo brain malignancy had received

cranial radiotherapy. The study by Svensson et al.23 calculated

the risk ratio for all observed malignancies in 289 patients on

GH treatment in one centre compared to the expected rate from

the Swedish population and found an RR of 0�88 (95% CI,

0�35–1�80). HypoCCS studied the incidence of all malignancies

in 6840 GH-treated patients with at least one follow-up visit and

940 patients with untreated GHD.71 Rates for both groups were

comparable to data from the general populations of Europe and

the Unites States. In 2013, HypoCCS compared 1988 GH-treated

patients from the Unites States with 442 untreated patients and

found no significant difference in serious adverse events related

to malignancies (new or recurrent) (1�61 vs 2�71%, P = 0�57
adjusted for baseline differences).29 The follow-up time for the

studies on all fatal or nonfatal malignancies varied between 2�3
and 9�6 year. The studies focusing on regrowth and recurrence

of (peri)pituitary tumours included three studies with 10 or

Table 2. Summary of studies on the effect of GH treatment on fractures

First author

(postmarketing

database)

Year of

publication

Outcome

measure

Aetiology

GHD

Study population

F: n, M: n

CO/AO%

Mean age

(years) (SD/range)

Control group

F: n, M: n

CO/AO%

Mean age (years)

(SD/range)

(if available)

Duration of

GH treatment

or follow-up

(years)

Conclusions

Estimate (95% CI)

Mazziotti44 2010 Fractures

(vertebral)

Mixed F: 0, M: 21

100% AO

55 (23–81)

Untreated GHD

F; 0, M: 30

3 OR (untreated GHD)

M: 8�00 (2�23–28�60)
adjusted for glucocorticoid

use 4�71 (1�20–19�01)
Holmer43 2007 Fractures Mixed F: 399, M: 433

12/88%

CO: 28 (5th to

95th percentile 23–53),
AO: 58 (5th to 95th

percentile 31–78)
(CO: 99%, AO: 93%

GH treatment)

General population

F: 1273, M: 1308

Age matched

CO: 14

AO: 6

IR F: 1�28 (0�95–1�71),
F CO: 2�29 (1�23–4�28),
F AO: 1�08 (0�77–1�51)

IR M: 0�56 (0�38–0�83),
M CO: 0�61 (0�28–1�32),
M AO: 0�54 (0�34–0�86)

Mazziotti45 2006 Fractures

(vertebral)

Mixed F: 28, M: 37

15/85%

47�5 (18–77)

General population

Untreated GHD

F: 12, M: 30

10/90%

48�5 (18–81)

4 Fracture prevalence All:

53�8 vs 78�6% P = 0�009
OR (untreated GHD)

All: 6�1 (2�7–17�7), F:
4�8 (1�2–18�9), M: 7�1
(2�3–21�6)

OR (GH treatment) All:

1�9 (1�0–3�5), F 4�0
(1�6–10�1), M 1�3
(0�5–3�1)

W€uster37

(KIMS)

2001 Fractures Mixed F: 593, M: 678

25/75% (for both

groups together)

50 (11)

Untreated GHD

F: 379, M: 434

1�8 Fracture prevalence All

NS, >50 years old: 27

vs 34% P < 0�05, M < 30

years old: 17 vs 32%

P < 0�05

Estimates are reported unadjusted, unless stated otherwise.

GHD, growth hormone deficiency; F, female; M, male; CO, childhood onset; AO, adult onset; GH, growth hormone; CI, confidence interval; OR, odds

ratio; IR, incidence rate; NS, not significant.
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more years of observation time.64,65,67 Most of the studies com-

pared data with patients with the same aetiology of GHD but

without GH treatment. However, population sizes were limited.

Progression-free survival was never significantly lower in GH-

treated patients. Hazard or odds ratios, even after adjustment

for patient and tumour characteristics, were never increased.

In conclusion, six relatively large studies investigated the inci-

dence of all fatal or nonfatal malignancies in GH-treated adult

patients with mixed aetiologies of GHD. None encountered an

increased rate compared to the background population. All

SMRs or RRs were <1�00, which on the one hand is reassuring,

but on the other hand raises some questions. As mentioned

before, the heterogeneous group of patients with hypopituita-

rism might already have an increased risk for malignancies with-

out the interference of GHD and GH treatment. The higher

number of patients who have received cranial radiotherapy or

GH treatment in childhood, compared to the background popu-

lation, might lead to an increased risk of secondary (brain) neo-

plasia. Nevertheless, GH treatment in adults does not seem to

induce the development of all malignancies. However, for this

important clinical outcome, the follow-up duration is still rather

short. The increased risk for secondary brain tumours seemed to

be related to cranial radiotherapy rather than GH treatment but

merits caution. Despite limitations of study size, recurrence or

regrowth of (peri)pituitary tumours did not seem to be affected

by GH treatment. Follow-up duration was up to 14�5 years, and

outcomes were compared to ‘natural’ recurrence rates in the

absence of GH treatment. The imaging methods may have

differed over time, but still this outcome was consistent.

Diabetes mellitus. In adults with untreated GHD, it has been

demonstrated that there is reduced insulin sensitivity compared

to healthy controls.17 In 1999, Abs et al.33 evaluated a number

of cardiovascular risk factors in 1034 patients enrolled in the

KIMS database. Diabetes mellitus seemed more prevalent,

especially in female patients, compared to epidemiological

studies of the general population. Recently, the same group

described the prevalence of diabetes in 6050 enrolled patients.

Compared to the general population, the standardized

prevalence proportion ratio in patients with GHD was 1�13
(95% CI, 1�04–1�23).72 HypoCCS described the prevalence of

diabetes mellitus at enrolment to be comparable to population

reference data.73

Data on the effect on glucose metabolism of GH treatment in

adults with GHD are controversial. It has been suggested that

GH treatment may increase the risk of developing diabetes mell-

itus because, on the one hand, GH causes insulin resistance. On

the other hand, GH treatment reduces abdominal fat mass and

is therefore proposed to have a beneficial effect on insulin resis-

tance and could improve glucose homeostasis. In children who

have received GH treatment in childhood, the incidence of

mainly type 2 diabetes was sixfold higher than in children not

treated with GH. The incidence of type 1 diabetes was not

increased. The authors suggest an acceleration of the disorder in

predisposed individuals and advise careful monitoring of glucose

metabolism before and during GH treatment.74 These findings

cannot be extrapolated to adult patients as it has to be realized

that children are administered considerably higher doses of GH

than adults.

The systematic search for studies investigating the risk for dia-

betes mellitus during GH treatment in adult patients revealed

five studies (Table 4). In a national study in GHD adults by

Holmer et al.,32 the prevalence of diabetes was increased in

women but not in men after 6 years of GH treatment compared

to population controls. After excluding patients with previous

acromegaly or Cushing’s disease, adjusting for body mass index

(BMI) and physical activity diminished this increased prevalence.

Due to the lack of information on incidence of diabetes before

initiation of GH treatment, it cannot be concluded whether the

prevalence increased or decreased during GH treatment. The

two postmarketing surveillance databases have reported on dia-

betes during GH treatment. KIMS demonstrated an increased

risk for diabetes in 5143 patients followed for almost 4 years

compared to a reference population.75 HypoCCS, on the other

hand, concluded there was no significant increased incidence of

diabetes in 2922 US and 3709 European patients followed for

4�1 year compared to several reference populations.73 They dem-

onstrated in a proportional hazard model that increased inci-

dence of diabetes is positively associated with age and BMI.

Associations with IGF-1 level or GH dose could not be found in

either observational study.

In conclusion, only the two postmarketing databases and one

national study reported on the risk for diabetes mellitus during

GH treatment. The postmarketing databases describe contradic-

tory results, depending on which reference population was used.

In KIMS, the risk seems to be increased, but not in HypoCCS.

Of course, in these observational studies, there are some limita-

tions to take into account, for example reporting and definition

bias. In addition, because of the international aspect and the

potential changes over time, it is difficult to find an accurate ref-

erence population. Furthermore, in the observational studies, the

incidence of diabetes mellitus seemed to decrease over time, per-

haps due to the positive effect of GH on abdominal fat mass. If

the development of diabetes mellitus was solely related to GH

treatment, an association with IGF-1 level or GH dose would be

found. However, a relationship with BMI was demonstrated in

all studies. Other factors such as physical activity should also be

taken into account to fully investigate the effect of GH itself on

the development of diabetes, and firm conclusions cannot be

drawn at this time.

Methodological comments and future perspectives

The quality of the studies was assessed based on the Strengthen-

ing the Reporting of Observational Studies in Epidemiology

(STROBE) statement.20 The retrieved cohort and case–control

studies were of fairly good quality. Mostly, information was

lacking on the description of effects of potential sources of bias,

methods of handling missing data and reports of number of

individuals at each stage and reasons for nonparticipating. The

lack of these items makes observational studies susceptible to

bias. Loss to follow-up or dropout information is appropriate,
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especially when investigating morbidity or mortality, as this

could be correlated. Another potential source of bias is the non-

randomized aspect of untreated GHD as a control group. The

reasons for not initiating GH treatment are not always

explained, and again, this could be correlated with the risks for

morbidity or mortality. The initiation (and also ceasing) of GH

treatment, and thereby entry in a registry, is based on the judge-

ment of the treating physician in agreement with the patient.

Morbidity is an important reason for withholding GH treat-

ment, which could result in underreporting of several morbidi-

ties and mortality. This selection bias, which is often described

in the discussion section of most of the observational studies, is

difficult to overcome due to the design of observational databas-

es. In observational studies, the collection of (follow-up) data is

not always conducted in a standardized manner. For instance, in

the postmarketing databases, data are based on information

entered by the attending physician and their willingness and

efforts could be variable. In some national studies, data collec-

tion was performed in a more structured manner, but possible

differences in definitions of specific morbidities with the refer-

ence populations might still occur. Arranging a proper control

group is one of the biggest challenges in observational research.

When comparing GH-treated patients with severe GHD to

‘healthy’ controls in relation to morbidity and mortality, the fact

that the study population is possibly predisposed to higher inci-

dences of CVD, malignancies and diabetes, might influence the

(interpretation of the) results. Confounding variables such as

body composition, physical activity and concomitant medication

use are not always available and are likely to differ. So, both

options, untreated GHD and the general population as a control

group, have their pros and cons.

Eight of the 21 studies identified through our systematic lit-

erature search originated from two postmarketing databases

sponsored by pharmaceutical companies that produce GH.

Overlap of patients in the described studies by postmarketing

databases is present, and therefore, the origin of the study is

indicated in the tables. This should be taken into account when

interpreting the data in the present review. Next, although dis-

closures and conflict of interest are properly stated in every

publication, these cannot be brushed aside. However, as the

largest and longest followed cohorts, they are rather important

contributors on information on clinically relevant end-points

and could remain so in the coming years. Ideally, a large ran-

domized controlled trial is needed to explore the effect of GH

treatment compared to untreated GHD adults. However, when

looking at morbidity and mortality, large groups will be neces-

sary in both arms as will be an especially long follow-up. This

is both unpractical and unethical. The ‘next-best-thing’ is

Table 4. Summary of studies on the effect of GH treatment on diabetes mellitus

First author

(postmarketing

database)

Year of

publication

Outcome

measure

Aetiology

GHD

Study population

F: n, M: n

CO/AO%

Mean age (years)

(SD/range)

Control group

F: n, M: n

CO/AO%

Mean age (years)

(SD/range)

(if available)

Duration

of GH

treatment or

follow-up

(years)

Conclusions

Estimate (95% CI)

Hartman30

(HypoCCS)

2013 Diabetes

mellitus

Mixed F: 875, M: 1113

16/84%

46 (15)

Untreated GHD

F: 168, M: 274

55 (16)

2�3 Prevalence All: <2% NS

Luger76 (KIMS) 2011 Diabetes

mellitus

Mixed F: 2577, M: 2566

100% AO

49 (13)

General population 3�9 O/E (compared to Sweden)

All: 6�0 (5�5–6�6)
O/E (compared to EU/US)

All: 2�11–5�22
Attanasio74

(HypoCCS)

2011 Diabetes

mellitus

Mixed F: 2797, M: 3042

NR

44�7 (14�8)

General population 4�1 IR US All: 10�6 (8�1–13�0),
compared to 7�1 (6�0–8�1)

IR Germany All: 7�5 vs 7�3
IR Sweden All: 5�6 (2�6–8�7)
compared to 2�6 (2�6–2�7)

Holmer33 2007 Diabetes

mellitus

Mixed F: 351, M: 399

100% AO

59 (5th to 95th

percentile 31–78)
at end of study

(93% GH treatment)

General population 6 POR F: 2�53 (1�54–4�13),
M: 1�07 (0�68–1�68)

Abs34 (KIMS) 1999 Diabetes

mellitus

Mixed F: 481, M: 553

27/73%

40�4 (NR)

Untreated GHD

39�7 (12�4)
0�8 Diabetes All: 0�11/year

vs 0�11/year = NS

Estimates are reported unadjusted, unless stated otherwise.

GHD, growth hormone deficiency; F, female; M, male; CO, childhood onset; AO, adult onset; GH, growth hormone; CI, confidence interval; US,

United States; NS, not significant; O/E, observed/expected; EU, Europe; IR, incidence rate; POR, prevalence odds ratio; NR, not reported.
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observational epidemiology. Despite the lack of a good control

group and the risks for incompleteness and disputable quality

of follow-up data, large observational databases (preferably

without disputable interests) are capable of gathering large

number of patients and following them for considerable

amount of time to generate enough power to draw firm

conclusion for these important clinical end-points.

Concluding remarks

Due to the positive effects demonstrated in multiple randomized

clinical trials on cardiovascular surrogate markers and bone

metabolism, a positive effect of growth hormone treatment on

cardiovascular morbidity and fracture risk seems feasible. Con-

tinuous long-term treatment has subsequently raised the ques-

tion of safety, particularly with respect to malignancies and

glucose metabolism. In this review, we discussed the long-term

efficacy and safety of growth hormone treatment in adult

patients with growth hormone deficiency, with emphasis on

morbidity: fatal and nonfatal cardiovascular disease and stroke,

fractures, fatal and nonfatal malignancies and recurrences, and

diabetes mellitus. Our systematic review of the literature demon-

strated no increased risk for cardiovascular disease and fractures

compared to the general population. This was especially seen in

men. The gender difference merits further investigation. A posi-

tive effect of growth hormone treatment could be concluded,

but study design limitations have to be considered. The effect of

growth hormone treatment on stroke was less evident, and of

course, the underlying diagnosis of growth hormone deficiency

and the amount of cranial radiotherapy differ significantly with

the controls that might influence this result.

With respect to the safety of long-term growth hormone treat-

ment in adult patients with growth hormone deficiency, the out-

come of our systematic review of the literature demonstrated

reassuring results for malignancy risk. Regrowth and recurrences

of (peri)pituitary tumours were not increased in patients receiv-

ing growth hormone treatment compared to similar patients

without growth hormone treatment. All fatal and nonfatal

malignancies did not seem more prevalent in growth hormone-

treated adult patients compared to the general population. How-

ever, the follow-up time for this outcome is still relatively short,

and therefore, firm conclusions cannot be drawn. The studies on

diabetes mellitus are difficult to interpret as there are differences

in definition and in predisposing variables between the study

and the reference populations used.

In clinical practice, for every adult patient on growth hor-

mone or with the intention to start growth hormone treatment,

an individualized assessment seems appropriate to consider the

underlying diagnosis, other treatments, metabolic profile and the

beneficial effects of growth hormone set against the possible

risks. Unfortunately, not many studies on the long-term effects

in specific aetiologies or in growth hormone deficiency patients

with specific characteristics exist. Large and thoroughly con-

ducted observational studies are needed and seem the only feasi-

ble way to inform the ongoing debate on health care costs, drug

safety and clinical outcomes.
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