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Abstract
Purpose Growth hormone (GH) therapy has been studied as treatment for clinical manifestations of adult-onset growth hor-
mone deficiency (AO-GHD), including cardiovascular risk, bone health, and quality of life. Patients with AO-GHD typically 
also have significant history of pituitary pathology and hypopituitarism, which raises the question of what proportion of their 
clinical presentation can be attributed to GHD alone. Currently, much of the existing data for GH therapy in AO-GHD come 
from uncontrolled retrospective studies and observational protocols. These considerations require careful reassessment of 
the role of GH as a therapeutic agent in adult patients with hypopituitarism.
Methods We contrast results from placebo-controlled trials with those from uncontrolled and retrospective studies for 
GH replacement in patients with hypopituitarism. We also examine the evidence for the manifestations of AO-GHD being 
attributed to GHD alone, as well as the data on adults with congenital, life-long untreated isolated GHD.
Results The evidence for increased morbidity and mortality in hypopituitary patients with GHD, and for the benefits of 
GH therapy, are conflicting. There remains the possibility that the described clinical manifestations of AO-GHD may not 
be due to GHD alone, but may also be related to underlying pituitary pathology, treatment history and suboptimal hormone 
replacement.
Conclusions In the setting of inconsistent data on the benefits of GH therapy, treatment of AO-GHD remains an individual-
ized decision. There is a need for more randomized, placebo-controlled studies to evaluate the long-term outcomes of GH 
therapy in adults with hypopituitarism.
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Introduction

The development of biosynthetic growth hormone (GH) has 
dramatically changed the lives of thousands of children with 
growth hormone deficiency (GHD) and short stature by pro-
moting their statural growth. The widespread availability of 
biosynthetic GH has allowed studies of its effects in a differ-
ent GHD population—adults with acquired hypopituitarism.

In the 1990s, two studies from Sweden found increased 
mortality rates in adult patients with hypopituitarism [1, 2]. 
Since all other hormonal deficiencies were thought to be 
appropriately replete, the two- to three-fold higher cardio-
vascular and cerebrovascular mortality rates were attributed 
to the untreated GH deficiency. This syndrome of adult-onset 
GH deficiency (AO-GHD) has subsequently been described 
to be associated with possible increased cardiovascular and 
cerebrovascular morbidity and mortality, abnormal body 
composition consisting of decreased lean mass and increased 
fat mass, unfavorable atherogenic profile, insulin resistance, 
decreased bone mineral density, and impaired quality of life 
[3]. Multiple subsequent open-label, observational studies 
suggested that the anabolic and lipolytic properties of GH 
replacement in this population improved many of the above 
parameters, and GH was approved by the Food and Drug 
Administration and international agencies for the treatment 
of AO-GHD.
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GH therapy has been used for management of deleterious 
effects of GHD in patients with hypopituitarism, often due 
to neoplastic pituitary diseases. However, it is important to 
emphasize that “GH deficiency” and “hypopituitarism” are 
not synonymous: the latter, in addition to GHD, includes 
other, GH-independent, components. Some of the adverse 
manifestations in patients with hypopituitarism may not be 
due to GH deficiency per se, but rather to the nature of their 
organic pituitary disease and/or to the effects of its treat-
ment (surgery, radiation, suboptimal replacement of other 
hormonal deficiencies), psychological burden of chronic 
disease, etc.

A number of prospective, randomized, placebo-controlled 
trials have suggested that, compared to placebo, GH ther-
apy has not consistently improved the detrimental effects of 
hypopituitarism attributed to GHD. This is in contrast with 
the results from many uncontrolled retrospective and open-
label observational studies. While placebo-controlled trials 
have their own deficiencies and are challenging to complete 
in small patient populations, these trials nevertheless pro-
vide data with fewer confounders as compared to open-label 
studies.

Given the preponderance of literature reviewing ret-
rospective and observational data, this review will focus 
primarily on placebo-controlled studies to assess of the 
role of GH as a therapeutic agent in adult patients with 
hypopituitarism.

GH deficiency and mortality

Increased mortality rate in hypopituitarism has been hypoth-
esized to be due to unsubstituted GHD [1, 4, 5]. This is in 
contrast with the observation in animal models that isolated 
GHD is accompanied by a 20–70% increase in life span [6]. 
In adults with untreated congenital GHD, normal longevity 
and no increased incidence of cardiovascular diseases were 
observed [7–9]. Autopsy data in patients with hypopituita-
rism and unsubstituted GHD showed a two-fold decrease in 
heart disease but a two-fold increase in cerebrovascular mor-
tality, and in particular, a four- to five-fold increase in intrac-
erebral hemorrhage [10]. Data on exposure to cranial radia-
tion were not reported, but perhaps this would explain the 
discrepancy in effects on cerebral and coronary vasculature.

Tomlinson et al. [5] performed careful outcome analyses 
in 1014 hypopituitary subjects. They confirmed increased 
overall and vascular mortality rates in this population, but 
found no association with GHD. Patient sex, age, diagnosis 
of craniopharyngioma, unsubstituted hypogonadism and 
especially a history of cranial radiation were found to be 
the notable risk factors. Brada et al. [11] similarly identified 
certain patient characteristics and treatment history were risk 
factors for increased cerebrovascular mortality.

Cranial radiation is known to induce cerebral vasculopa-
thy with both increased atherosclerosis and intracerebral 
hemorrhage [12], in agreement with the data by Kaji et al. 
[10]. Patients who receive pituitary radiation have been doc-
umented to develop stroke in or near the field of irradiation 
[13]. A Dutch study found increased risk of cerebrovascular 
events in men with nonfunctioning pituitary adenomas who 
were treated with radiotherapy compared to those who were 
not [14]. In two Swedish studies [1, 2] that found increased 
mortality rates with hypopituitarism, the majority of patients 
had undergone cranial radiation; in contrast, a UK series 
[15] in which cranial radiation was used more sparingly, 
found that vascular mortality rates was similar in male sub-
jects and lower in female subjects, compared to the control 
populations.

The impact of GHD on malignancy risk has also been 
studied: Stochholm et al. [16] reported that patients with 
childhood-onset GHD had a 19-fold increased higher cancer 
mortality. However, the majority of patients in this cohort 
had malignant diseases as a cause of hypopituitarism, raising 
concern that recurrence of the original disease or predis-
position for a second malignancy are more likely explana-
tions for higher cancer mortality. In the same study, when 
children with isolated GHD not due to malignant disease 
were analyzed, the excess mortality was not seen. Other data 
have shown a protective effect of GHD on the development 
of neoplasia. Patients with hypopituitarism and unsubsti-
tuted GHD were documented to have a three-fold lower 
incidence of prostate cancer [17]. Shevah et al. [18] found 
complete absence of malignant diseases in 222 individuals 
with IGF-1 deficiency (due to GH insensitivity or GH defi-
ciency), whereas 9–24% incidence of cancer was observed 
in their 338 first- and second-degree relatives.

Looking more broadly at risk factors for mortality in 
hypopituitary patients, two meta-analyses compiled the 
available data from 6 and 12 observational studies [19, 20]. 
In both studies, standardized mortality ratio was higher in 
patients who were female, younger, underwent transcranial 
surgery, and received cranial irradiation. In an earlier study 
by Pappachan et al. [19], GH therapy was associated with 
decreased standardized mortality ratio, comparable to the 
background population. However, the authors cautioned that 
interpretation of these data may be misleading given the 
selection bias of observation studies without untreated con-
trol groups. In a more recent larger analysis, Jasim et al. [20] 
noted lower standardized mortality ratio in patients treated 
with GH (1.24) compared to those who were untreated 
(1.68), but the confidence intervals of the two groups over-
lap without mention of statistical significance. Gaillard et al. 
[21] analyzed the increased standardized mortality ratios of 
hypopituitary patients treated with GH therapy in the KIMS 
database, and found contributing factors of the increased 
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mortality to include female gender, younger age, and lower 
IGF-1.

Thus, in patients with hypopituitarism, increased mor-
tality may be multifactorial and may not be attributable 
to GHD alone. GH therapy cannot ameliorate underlying 
pituitary pathology and treatment complications, which may 
be the actual etiologies of the observed mortality. While 
certain groups of patients with hypopituitarism may suffer 
from increased mortality, GH therapy has not been shown 
to reduce mortality.

Body composition, physical fitness and metabolic 
consequences

It was hypothesized that, in adults with GHD, administration 
of GH, a hormone with anabolic properties, would increase 
muscle mass and thus, physical strength and endurance. 
Concurrently, the lipolytic effect of GH should also decrease 
the fat mass, ameliorate metabolic syndrome and improve 
cardiovascular risk factors. Existing studies offer inconsist-
ent data on both these hypotheses.

GH therapy has been associated with a measured increase 
in lean body mass; this may not be due to an increase in 
muscle fiber mass, but rather due to accumulation of water 
in extracellular fluid, as GH increases sodium reabsorption 
and plasma renin activity [22]. In one open-label prospective 
study, men given GH replacement for 10 years were reported 
to develop increased muscle strength by 5 years and were 
partially protected against normal age-related decline in 
strength in the last 5 years [23]. In contrast, other open label 
studies found improvements in one muscle group strength 
but no improvement in others [24]. In a randomized, pla-
cebo-controlled crossover trial, 60 patients who had received 
GH therapy for more than 3 years were assigned to con-
tinue GH or placebo for 4 months [25]. The placebo group 
had decreased measured thigh muscle mass (perhaps due to 
water loss) but without change in muscle strength.

There is some evidence that GH therapy improves aero-
bic and anaerobic capacity. A 22-month placebo controlled 
crossover study did show a significantly increased maximal 
oxygen uptake and a trend towards increased endurance 
performance that did not reach statistical significance [26]. 
A similar 6-month placebo-controlled trial found a posi-
tive uptrend in maximal oxygen consumption not reaching 
statistical significance, though baseline maximal oxygen 
consumption was already normal [27]. Some studies sug-
gest that anaerobic power is impaired in AO-GHD [28]. In 
a 1 month placebo-controlled crossover study, GH therapy 
improved anaerobic power but not maximal oxygen uptake 
[29]. A longer, 2-year double-blind randomized trial in GHD 
adolescents transitioning to adulthood did not find a statisti-
cally significant change in treadmill exercise tolerance [30].

The observed improvement in exercise capacity seen in 
some studies has been attributed to improved cardiac func-
tion, perhaps due to increased plasma volume with GH 
therapy [31]. Studies of cardiac function indicate that GH 
improves parameters such as cardiac output, left ventricular 
ejection fraction, diastolic abnormalities [32–34]. However, 
the baseline cardiac function in GHD is not always abnor-
mal: in one such study of 12 months of GH therapy, the left 
ventricular ejection fraction of the AO-GHD subjects were 
normal at baseline, 64.1%, compared with 65.8% in controls; 
the clinical significance of an increased to 70% after therapy 
is unclear [33]. In another study, 6 months of GH therapy 
increased stroke volume from an average of 92 mL, within 
normal range, to 118 mL [32].

The most consistent effect of GH administration in 
patients with GHD is decrease in fat mass [35], with magni-
tude of about 2 kg after 6 months. Fat mass does not increase 
further over time, and reverts to baseline with discontinu-
ation [26]. The most recent review of 23 prospective stud-
ies found that GH does not change or increases body mass 
index, waist circumference, and waist-hip ratio [36]. These 
changes in body composition have been associated with 
inconsistent impact in metabolic and cardiovascular risk 
factors.

Some prospective and randomized controlled studies 
reported no impact of GH on lipid profiles, while others 
reported an association with improved lipid profile patterns. 
In a placebo-controlled 4-month crossover trial, both favora-
ble and unfavorable lipid changes developed during the pla-
cebo period: while total cholesterol and LDL increased, 
HDL also increased and triglyceride levels decreased [25]. 
In a meta-analysis of 37 blinded randomized, placebo-con-
trolled studies, GH replacement was reported to reduce LDL 
and total cholesterol in half the studies and had no effect 
in the others; overall, statistically significant decreases of 
19.3 and 11.6 mg/dL, respectively, were seen[37]. No effect 
on HDL cholesterol or triglycerides was observed. Data on 
other markers of cardiovascular risk were mixed: there was 
some evidence that GH treatment decreased inflammatory 
markers (such as C-reactive protein, interleukin-6, TNF-α), 
as well as carotid intima-media thickness, a predictor of cor-
onary disease [38]. But GH replacement was also reported 
to increase plasma concentrations of lipoprotein A, an inde-
pendent marker of cardiovascular risk [39]. In studies where 
improvements in markers of cardiovascular risk were noted, 
there was no accompanying change in measured cardiovas-
cular function [27, 40]. Castillo et al. [41] compared 41 
patients with panhypopituitarism on no GH substitution with 
37 healthy age- and sex-matched controls. Panhypopituitary 
patients had lower fasting glucose, serum insulin level, insu-
lin resistance, and waist/hip ratio, but higher serum levels 
of CRP. The occurrence of hyperlipidemia was higher in 



297Pituitary (2020) 23:294–306 

1 3

panhypopituitary patients but the occurrence of metabolic 
syndrome was similar to controls.

How effective is GH substitution compared to standard 
HMG CoA reductase inhibitors (statins) in hypopituitary 
patients? Monson et al. [42] compared triglycerides, total, 
HDL and LDL cholesterol in statin-treated and statin-
untreated hypopituitary adults before and after 12 months 
of treatment with GH. Baseline total cholesterol and cal-
culated LDL in statin-untreated patients were 5.8 ± 1.2 and 
3.7 ± 1.0 mmol/l (mean ± standard deviation), respectively, 
and in those treated with statins were significantly lower, 
at 5.2 ± 1.4 and 3.1 ± 1.3 mmol/l, respectively. Administra-
tion of GH to statin-untreated patients decreased LDL by 
0.28 ± 0.8 mmol/l, with the resulting levels still higher than 
in statin-treated GH naïve patients. There were no changes 
in HDL cholesterol or triglycerides.

The impact of GH therapy on other cardiovascular risk 
factors, including insulin sensitivity and risk for diabetes, 
has also been studied. In some studies, administration of 
GH has been reported to result in glucose intolerance [43]. 
Some observational studies show mixed data: Svensson et al. 
[44] reported no change in insulin sensitivity on euglyce-
mic clamp testing in 11 GHD patients after 7 years of GH 
replacement, and HypoCCS data showed increased inci-
dence of diabetes compared to background population in the 
GH-treated cohorts in the US and Sweden, but not in France 
or Germany [45]. Analysis of KIMS observational data from 
5143 patients with an average of 4 year follow-up found 
increased incidence of diabetes compared to age-matched 
background population, with highest incidence in the first 
year of therapy and decreasing incidence thereafter; in a sub-
group of patients with annual follow-up for 6 years, fasting 
glucose and hemoglobin A1c levels increased continuously 
over the observed period [46]. In the HypoCCS trial, admin-
istration of GH induced abnormally elevated fasting blood 
glucose in 34.5% patients without pre-existing diabetes, but 
it appeared to normalize with continuation of therapy in the 
majority of them [47]. However, a meta-analysis of rand-
omized placebo-controlled trials including more than 500 
patients found mean fasting glucose to be normal during 
growth hormone treatment, with an overall minimal increase 
of 0.43 mmol/L [37]. Data were more consistent in double-
blind placebo controlled trials: in the 4-month crossover 
trial, insulin sensitivity was noted to improve after stop-
ping GH replacement versus continued GH therapy[25]. In 
placebo-controlled trials of 12–18 months duration [26, 37, 
39], GH administration caused further increases in insulin 
and glucose levels, despite significant loss of truncal fat. 
Similarly in other trials [49–51], GH replacement did not 
improve the prevalence of metabolic syndrome, but resulted 
in statistically significant increases in blood pressure and 
fasting blood glucose; ultimately no change in metabolic 
syndrome was seen after 3 years of therapy [48]. The clinical 

significance of all these data remains difficult to interpret, as 
control subjects were not always followed and tested with 
the same intensity as the treatment group. Overall, the avail-
able data suggest GH administration does not seem to induce 
clinically significant alterations in glucose levels, but several 
studies have noted increased insulin resistance.

There is data suggesting that the “metabolic syndrome” 
of hypopituitarism may be not due to GH deficiency per 
se, but rather a consequence of inappropriate glucocorticoid 
replacement in these patients [49]. For decades, patients with 
hypopituitarism were treated with supraphysiologic doses of 
glucocorticoids equivalent to 25–35 mg of hydrocortisone 
per day. In addition, GHD enhances regeneration of cortisol 
from cortisone through increased 11β-HSD type 1 activity 
[50]. The combination of supraphysiologic glucocorticoid 
dosages and increased cortisol generation from cortisone 
brought about by GHD can result in excessive cortisol expo-
sure for patients with hypopituitarism treated with what was 
considered appropriate doses of hydrocortisone [50]. In 
other words, in the setting of supraphysiologic glucocorti-
coid dosing, GH therapy decreased cortisone reduction via 
11β-HSD type 1, thereby ameliorating hypercortisolism.

Data from the KIGS-KIMS database showed that many 
features of metabolic syndrome—increased waist circum-
ference, higher BMI, elevated triglycerides, total and LDL 
cholesterol—was proportionate to the dose of their gluco-
corticoid replacement, and that patients taking less than 20 
mg of hydrocortisone daily had no manifestations of meta-
bolic syndrome in excess of the ACTH-sufficient group 
[51]. Notably, the development of new diabetes, stroke and 
myocardial infarction was found in the GH-treated group on 
glucocorticoid replacement [51]. Swords, et al. [52] showed 
that administration of GH to glucocorticoid-treated hypopi-
tuitary adults markedly lowered their plasma cortisol milieu. 
This effect alone could at least partially explain the improve-
ments in body composition observed in hypopituitary sub-
jects treated with GH. Danilowicz et al. [53] further found 
that a decrease of hydrocortisone dose from the supraphysi-
ologic 35 mg per day to the currently accepted 15 mg per 
day for 6–12 months resulted in major body fat loss (7.1 kg 
of total body fat, 4.1 kg of abdominal body fat), trend toward 
increased lean body mass, and major declines in total cho-
lesterol and triglycerides. These data suggest that optimiza-
tion of glucocorticoid replacement alone, in the absence of 
GH supplementation, results in improved body composition 
and metabolic parameters in hypopituitary adults. Although 
the study by Danilowicz et al. cannot be replicated today, it 
would be valuable to study whether hypopituitary patients 
in the current era, treated with the hydrocortisone equivalent 
below 20 mg per day from the time of diagnosis, exhibit 
signs of metabolic syndrome in excess of the general popula-
tion. Perhaps patients should first be optimized with respect 
to glucocorticoid dosing, followed with observation of their 
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clinical progress, and then evaluated for the need for GH 
replacement.

In a study by Egger et al. [54], 10 AO-GHD patients who 
were either ACTH-sufficient and receiving no exogenous 
glucocorticoids, or those treated with physiological hydro-
cortisone replacement doses, had normal subcutaneous and 
visceral fat mass, fat-free mass and insulin sensitivity as 
compared to age and BMI-matched healthy controls. These 
findings need to be confirmed in larger studies.

Thus, in properly controlled studies in AO-GHD patients, 
the GH-induced increase in lean body mass is inconsistently 
translated into increased muscle strength but may improve 
endurance. The loss of body fat is not accompanied by a 
consistent improvement in lipid profile, but may decrease 
glucose tolerance. The possibility that metabolic abnor-
malities in hypopituitarism are related to supraphysiologic 
glucocorticoid replacement rather than GHD, merits further 
investigation.

Bone health

The impact of GH therapy on bone health has been stud-
ied extensively: GH causes an initial decrease in BMD to 
approximately 6 months of therapy, followed by a subse-
quent increase in this parameter after 12–24 months of 
therapy [55]. The effect may persist even after GH is dis-
continued [56]. The latest meta-analysis synthesized data 
from 1403 patients with GHD across 31 studies, which 
included nine randomized placebo-controlled studies [57]. 
Treatment period ranged from 6 to 180 months; randomized 
controlled studies demonstrated increases in BMD in lum-
bar spine (ranging from 1–7%) and femoral neck (ranging 
from 0.6–4%) in studies conducted for more than a year, and 
decreases in these parameters in studies conducted for less 
than 1 year; in subgroup analyses, the increases in BMD 
were only significant in men. In a 15-year observational fol-
low-up of GH replacement in 126 adults, femoral neck BMD 
was maintained, and lumbar BMD increased by 5% com-
pared to baseline [58]. The results are notable, though the 
study was too small to evaluate impact on fracture incidence.

In the prospective cohort study of fracture risk in the 
HypoCCS database, patient-reported fracture incidence was 
compared in 9641 AO-GHD individuals receiving or not 
receiving GH therapy [59]. Over a mean follow-up period of 
4.6-years, annual facture incidence rate was lower in patients 
without pre-existing osteoporosis receiving GH; no differ-
ence in fracture risk was found in the subgroup of patients 
with pre-existing osteoporosis. The authors acknowledged 
notable confounding factors, including younger age, more 
women, lower percentage of pre-existing osteoporosis, and 
higher percentage of estrogen use in the GH treated group. 
There remains an absence of data on fracture end points 
from randomized controlled studies.

The effect of bisphosphonates in AO-GHD has also been 
studied. In a study of 30 GHD patients consisting of 15 par-
ticipants with osteoporosis and 15 controls, GH replacement 
gradually increased BMD but plateaued after 3 to 4years, 
while the addition of alendronate rapidly increased BMD 
over an additional 3 years of treatment [60]. Biermasz et al. 
[61] also conducted a study in 18 patients with GHD and 
osteoporosis who had received GH replacement for 4 years: 
half were randomized to continue GH alone and half to con-
tinue GH with the addition of alendronate for 12 months. 
The latter group was found to have significantly increased 
BMD at the lumbar spine with decreased in bone turnover 
markers. These studies suggest that bisphosphonates may 
augment GH effects.

Prior to considering treatment, it is important to evaluate 
whether patients with GHD have inferior bone health: some 
studies indicate that GHD and hypopituitarism are associ-
ated with decreased BMD and increased risk of fracture [62, 
63]. There is also evidence that BMD in adults with GHD is 
not significantly different from age and sex matched controls 
[64–66], and that the measured decreased BMD in children 
with GHD might be due to an artifact of a small bone size 
[66], as summarized and reviewed by Hogler and Shaw[67].

It is also important to determine whether the increased 
risk of fractures in hypopituitarism is due to GHD per se, or 
related to the shortcomings of other hormone replacement: 
undertreatment with sex steroids, and overtreatment with 
glucocorticoids or thyroid hormone [68, 69]. Mazziotti et al 
found a direct correlation between the dose of glucocorticoid 
replacement and the incidence of vertebral fractures in hypo-
pituitary adults, and that treatment with GH markedly atten-
uated the incidence of fractures in glucocorticoid-treated 
subjects [70]. Similarly, radiological vertebral fractures were 
associated with higher doses of levothyroxine and higher 
serum free T4 levels in patients on GH treatment [69]. This 
is similar to the above-mentioned data on glucocorticoid 
replacement and metabolic syndrome [51].

Bouillon et al. [68] compared the prevalence of fractures 
in Russian adults with isolated GHD and those with multiple 
pituitary hormones deficiencies (MPHD) with background 
controls. In the study, none of the subjects with isolated 
GHD had ever received any GH treatment, and roughly half 
the subjects with MPHD had been intermittently treated with 
GH in childhood, ranging from 2 months to a maximum of 
2 years. The average age of the isolated GHD group was 23 
years, and they received no hormonal substitutions; their 
fracture prevalence was the same as healthy controls. In 
young patients with MPHD of the same average age, the 
prevalence of fractures was increased with an odds ratio of 
3 compared to healthy controls of the same age. In older 
patients with MPHD of both sexes with an average age of 
55, the odds ratio was even higher, 7.4 compared to healthy 
controls. These data were obtained from the entire group, 
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including both male and female subjects. However, the 
male patients received insufficient androgen supplemen-
tation with short-acting testosterone propionate 125–250 
mg once monthly, instead of the recommended dosing of 
25–50 mg daily or every other day, due to its short half-life. 
The female subjects were treated with appropriate doses of 
estradiol, suggesting that the fracture odds ratios in men on 
subtherapeutic testosterone replacement may have been even 
higher. This analysis suggests that it may not be GHD alone, 
but rather inadequate androgen replacement, that increases 
fracture risk.

In addition to optimizing management of other hormonal 
deficiencies, there are data suggesting that GH therapy is 
associated with maintaining or increasing bone BMD over 
longer treatment duration. GH treatment is also associated 
with decreased fracture incidence in subgroups of patients 
without pre-existing osteoporosis. There are currently no 
data on fracture risk from randomized controlled trials, and 
there are undoubtedly challenges to completing long term 
studies for a rare condition. In the setting of conflicting data 
on whether GHD patients have diminished bone health, it 
is currently difficult to form conclusions about the utility of 
GH therapy for improving bone health and reducing fracture 
risk, beyond adequate calcium and vitamin D intake with 
optimal replacement of other pituitary deficiencies.

Quality of life (QoL)

Low QoL is currently the most widely used indication for 
GH treatment in the US and is the only indication for GH 
therapy in adult hypopituitarism in the UK. In multiple 
open-label uncontrolled studies, GH administration has been 
suggested to improve QoL in patients with AO-GHD [24, 71, 
72]. Retrospective case series of carefully selected patients 
with low baseline QoL have also been found to demonstrate 
significant improvement after 3 years of GH treatment [73].

The subjective and self-reporting nature of QoL metrics 
makes this evaluation prone to placebo effect. It is notable 
that the degree of QoL impairment in hypopituitarism does 
not correlate with the severity of GHD [24], and the QoL 
assessment tools are not clearly able to distinguish between 
patients with severe GH deficiency and those with GH 
excess [74]. Furthermore, adults with isolated childhood-
onset GHD, the most severe and long-lasting form, do not 
have lower QoL [75, 76]; decreased QoL in adult patients 
with history of childhood GHD is only seen in those with 
associated diseases, syndromes or cancer [77]. This find-
ing may be explained by a study of adult GHD patients 
conducted by psychiatrists, who found high prevalence of 
major depression, dysthymia and anxiety, which could “be 
attributed solely to the presence of a chronic disease” [78]. 
Lastly, observational studies of AO-GHD patients with very 

low QoL and their age- and sex-matched controls suggested 
regression to the mean after 2 years [79].

These considerations prompted a meta-analysis of 15 
published, mostly open-label, studies comprising a total 
of 830 patients[80]. This study found a significant QoL 
effect of GH after 3 months of therapy; by 6 months, the 
GH effects were no longer distinguishable from placebo. 
Some studies found efficacy of GH therapy using surrogate 
markers such as days of sick leave or physician visits [81]. 
These may also be susceptible of placebo effect. Thus, 
prospective, randomized, placebo-controlled studies help 
to mitigate the placebo effect.

Table 1 shows the summary of all randomized, placebo-
controlled studies that included more than 10 adults with 
GHD treated with GH for at least 6 months. All QoL stud-
ies, whether placebo-controlled or open-label, are unfor-
tunately limited by sensitivity and specificity of available 
assessment tools, as well as their validation for different 
ethnicities, but most of the listed placebo-controlled stud-
ies employed multiple tools. Interpretation of the studies 
is limited by a number of additional factors; some stud-
ies found normal baseline QoL, administered supraphysi-
ologic GH dosing, or used non-validated diagnostic test-
ing for GHD. With the exception of the study completed 
by Underwood et al. [82], which was conducted in young 
adults with childhood GHD, all other studies were con-
ducted in AO-GHD.

In summary, in 15 placebo-controlled studies totaling 
938 adults with GHD and utilizing 24 different quality of 
life instruments (Table 1), GH did not consistently have an 
advantage over placebo in improving QoL. A 21-month 
cross-over double blind trial found that the benefits of GH 
replacement was at least in part due to placebo effect; inter-
estingly, the subjects’ spouses noted improved mood and 
behavior during the active drug phases of the trial [83]. 
Some studies utilized multiple questionnaires and/or ana-
lyzed multiple “sub-domains” of the same questionnaire. In 
such studies employing multiple comparisons, occasional 
questionnaires indicated higher efficacy for GH, but others 
showed higher efficacy for the placebo [84, 85]. In one study 
[85], the energy domain of the NHP test improved more 
on GH, but the reverse was true in another study [86]. The 
negative results of some of these studies were attributed to 
the normal QoL at baseline [26]; lack of GH efficacy was 
also found in a study in which the data from only severely 
impaired patients were separately analyzed [86].

The study by Miller et al. [87] stands apart as a study 
demonstrating superiority of GH over placebo using 
AGHDA score and some subdivisions of SF-36 and SQ. 
The population studied in this report was unique: it consisted 
of patients with acromegaly rendered GH deficient by radia-
tion and/or surgery. This randomized, placebo-controlled 
6-month study of 30 subjects found improvement in QoL 
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in the treatment group. A study by van der Klaauw [88] in 
a similar group of patients did not reproduce these results. 
Still, there may be a difference in the QoL responses in GH-
deficient patients who were previously chronically exposed 
to pathologically high GH/IGF-1 milieu. Whether certain 
populations, such as patients with previous acromegaly, truly 
benefit from GH therapy, deserves future attention.

The suggestion that GH therapy could be beneficial in 
patients with history of Cushing’s disease has also been 
studied. Feldt-Rasmussen et al. [89] found in analysis of 
the KIMS database that GH replacement was safe and par-
ticularly improved QoL in individuals previously treated for 
Cushing’s disease. However, Webb et al. [90] found in the 
HypoCCS cohort that, compared to those with nonfunction-
ing pituitary adenomas, individuals with prior Cushing’s 
disease treated with GH developed two- to threefold greater 

incidence of metabolic syndrome, cardiovascular disease, 
cerebrovascular disease over the 3-year study period.

Proponents of GH therapy for treatment of decreased QoL 
may argue that absence of a detectable improvement does 
not equate to absence of beneficial action. However, other 
medications that rely on patient self-assessment tools to 
evaluate for efficacy, such as antidepressants, do show meas-
urable effect on these assessments in placebo-controlled tri-
als. The counter-argument is that GH therapy should be held 
to a similar conventional efficacy standard, though this may 
be more challenging due to smaller patient population.

As with metabolic and bone effects of GH replacement, 
the potential influence of glucocorticoid therapy should also 
be considered. Somatic and psychiatric manifestations of 
Cushing’s syndrome may, at least in part, account for lower 
QoL at baseline and its improvement with GH replacement. 

Table 1  Randomized, placebo-controlled studies evaluating QoL in adults with GHD treated with GH for at least 6 months

> indicates “better”, = indicates “not different”
NHP Nottingham Health Profile, PGWB psychological general well-being, HSCL Hopkins Systems Checklist, GHQ General Health Question-
naire, CPRS Comprehensive Psychopathological Rating Scale, HAD Hospital Anxiety and Depression Scale, SES Self Esteem Scale, MFI-20 
Multidimensional fatigue index, MFQ Mental Fatigue Questionnaire, LFS Life Fulfillment Scale, IS Impact Scale, MMPI Minnesota Multiphasic 
Personality Inventory, BDI Beck Depression Index, PQ Paffenbarger Questionnaire, NHIS National Health Interview Survey, TMT trail-making 
test, STAI State-Trait Anxiety Inventory, LSS Life Situation Survey, RAT  Rothus Assertiveness Test, SF-36 Short Form-36, AGHDA Assessment 
of GH Deficiency in Adults, GHD-DSQ GH Deficiency Disease Specific Questionnaire, SAS-SR Social Adjustment Scale Self Report, GHDQ 
GH Deficiency Questionnaire, SQ Symptoms Questionnaire

Author/Year References N Duration 
(months)

Tests Results

Whitehead/1992 [106] 14 6 PGWB GH = placebo
Bengtsson/1993 [107] 10 6 CPRS, SCL-90 CPRS: GH > placebo

SCL-90: GH = placebo
Burman/1995 [83] 36 9 NHP, HSCL, PGWB All: GH = placebo
Beshyah/1995 [84] 40 6 GHQ, CPRS GHQ: placebo > GH

CPRS: GH = placebo
Verhelst/1997 [108] 148 6 NHP NHP (energy, emotions, 

sleep): GH > placebo
NHP (pain, physical mobil-

ity): placebo > GH
Wallymahmed/1997 [85] 32 6 NHP, HAD, SES, MFQ, LFS, IS NHP (energy): GH > placebo

NHP (rest): GH = placebo
HAD: GH = placebo
SES: placebo > GH
MFQ: GH = placebo
IS: GH > placebo
LFS personal: placebo > GH
Material: GH > placebo

Cuneo/1998 [86] 163 6 NHP, GHDQ All: GH = placebo
Baum/1998 [109] 40 18 NHP, PGWB, GHQ, MMPI All: GH = placebo
Underwood/2003 [82] 64 24 PGWB, BDI, STAI, TMT, LSS, RAT All: GH = placebo
Hoffman/2004 [26] 166 12 BID, NHP, BGWB, PQ, NHIS, TMT All: GH = placebo
Mauras/2005 [30] 40 24 SF-36, GHD, DSQ, SAS-SR All: GH = placebo
Bollerslev/2005 [110] 55 9 HSCL, SF-36, AGHDA All: GH = placebo
Chihara/2006 [111] 73 6 SF-36, AGDHA All: GH = placebo
Urushihara/2007 [112] 27 6 SF-36 GH = placebo
Miller/2010 [87] 30 6 SF-36, AGHDA, SQ All: GH > placebo
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In a population of 194 patients with primary adrenal insuffi-
ciency and 140 patients with secondary adrenal insufficiency 
due to hypopituitarism, Bleicken et al. [91] showed the del-
eterious effects on QoL of hydrocortisone doses greater 
than 30 mg per day. No difference was observed between 
the primary and secondary groups. A more recent study 
compared QoL in post-transsphenoidal surgery hypopitui-
tary patients with untreated GHD who were on an average 
of hydrocortisone dose of 15 mg per day, with the control 
group of patients who had undergone transnasal surgery for 
benign sinus conditions [92]: the hypopituitary patients who 
had no history of radiation had similar QoL as controls, but 
those who had undergone both surgery as well as radiation 
had lower QoL. Finally, Danilowicz et al. [53] demonstrated 
significant improvement in QoL (AGHDA score) in panhy-
popituitary patients whose daily hydrocortisone replacement 
was decreased from 35 to 15 mg per day.

Additional studies should be performed with attention to 
weaknesses in existing studies, including exclusion of indi-
viduals with normal baseline QoL, appropriate GH dosing, 
and universally validated criteria for diagnosis of GHD.

Isolated growth hormone deficiency

Most of the studies addressing the issue of GH efficacy in 
adults with GHD were conducted in patients with history of 
pituitary disease. The relative contributions of GHD, versus 
history of pituitary surgery, radiation therapy, suboptimal 
hormonal replacement, etc., are difficult to discern. The 
effects of GHD are ideally studied in adult patients without 
history of complicating factors. In this regard, a series of 
studies in a Brazilian cohort have provided us with unique 
perspectives on GHD.

In Itabaianinha municipality, Brazil, there is a popula-
tion of individuals with congenital, life-long untreated iso-
lated GHD due to an inactivation mutation in the growth 
hormone-releasing hormone receptor gene [93]. Since the 
1990s, the studies on more than 100 untreated individuals 
have provided a unique model for understanding the physi-
ologic effects of GHD in the absence of confounding factors. 
The characteristic physical features of this isolated GHD 
population included short stature and truncal obesity. Com-
pared to age- and gender-matched controls, they have nor-
mal longevity [9], normal QoL as evaluated by commonly 
used questionnaires [75], no increased risk of fractures, and 
superior muscle strength [94]. In the assessment of BMD, 
adults with isolated GHD have lower areal BMD due to 
smaller bone mass, but when BMD is corrected for bone 
size, the volumetric BMD is similar to controls[95]. These 
individuals do have increased truncal adiposity [96], and 
higher total and LDL cholesterol throughout life [97], but 
they do not have greater carotid intimal medial thickness or 
coronary atherosclerosis [7]; their cardiovascular mortality 

is no different from the control population [9]. Oliveira et al. 
[98] found that in 20 adults with isolated GHD who were 
treated with GH for 6 months, lipid profile and body com-
position improved, but carotid intimal thickness increased 
and carotid atherosclerotic plaques developed, with a 52-fold 
increased likelihood to have a carotid atherosclerotic plaque 
by 12 months even after discontinuation of GH therapy. 5 
years after interruption of GH therapy, intima-media thick-
ness returned to normal, but the number of atherosclerotic 
plaques did not change [99]. Their QoL was unchanged with 
GH therapy[75]. These data is in notable contrast to find-
ings by Pfeifer et al. [100], who found that 18-month treat-
ment with GH therapy in 11 men normalized the previously 
elevated intimal medial thickness of the common carotid 
artery and carotid bifurcation; this study did not report the 
incidence of plaque formation noted by Oliveira et al. The 
reason for the conflicting findings is unknown, but perhaps 
may be due to inherent differences between acquired versus 
congenital GHD, or the impact of using long-acting GH; 
this highlights the importance of further studies to better 
understand discrepancies in research findings such as these.

Isolated GHD is not the perfect paradigm for AO-GHD, 
and data in the isolated GHD population may not be directly 
applicable to managing the medical complexities of patients 
with AO-GHD. Nevertheless, the findings provide us with 
valuable insight on the impact of long-term GHD on human 
health. They suggest that perhaps the symptoms experi-
enced by patients with hypopituitarism and GHD may be 
multifactorial.

Summary and Conclusions

This analysis concludes that the data supporting detrimental 
consequences of GHD remain inconsistent. The increased 
morbidity and mortality rates in patients with hypopituita-
rism may not be due to GHD alone, and thus, the addition 
of GH to the established therapeutic regimen is uncertain to 
benefit longevity, as long as other pituitary hormone defi-
ciencies are appropriately replaced.

The data on benefits of GH replacement are conflicting. 
There is some evidence that GH may maintain and increase 
BMD over the long term, with possible decreased risk of 
fractures. Observed increases in lean mass are susceptible 
to measurement error, without consistent improvement in 
patient strength, but there is some evidence of improved 
aerobic and anaerobic capacity. GH has been found to 
increase insulin resistance and induce loss of body fat with 
suggestion of improved lipid profile, though improvements 
in actual cardiovascular outcomes have not been consistently 
seen. Finally, placebo-controlled studies have not demon-
strated a reliable improvement in the QoL in hypopituitary 
patients treated with GH. Additionally, GH is costly and 
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associated with side effects and potential risks. It is not clear 
that GH is cost-effective compared to current conventional 
therapy; for example, there is an absence of studies compar-
ing GH therapy to statins in cardiovascular outcomes, and 
comparing GH therapy to bisphosphonates in bone health.

GH therapy remains open to debate, with experts in 
notable disagreement. Some experts have seen significant 
clinical benefits outweighing the risks of GH therapy [101], 
consistent with the Endocrine Society recommendation for 
GH therapy use for those with biochemical GHD [102]. Oth-
ers have noted variable individual responses to therapy; as 
such, the National Institute for Health and Care Excellence 
guidelines state that GH therapy may be tried for AO-GHD 
patients with significantly impaired QoL [103]. Further-
more, they agree that GH therapy may be continued in those 
who had demonstrated improvement in QoL after 6 months 
of open-label GH replacement. The most recent UpToDate 
article does not recommend GH therapy in AO-GHD in 
general, though acknowledges that patient preferences may 
impact treatment decisions [104].

Where do we go from here?
First, there is a need for more randomized, placebo-con-

trolled studies to evaluate the long-term outcomes of GH 
replacement in adults with hypopituitarism and to identify 
individuals that may benefit from therapy [105]. Developing 
an objective understanding of the role of GHD in human 
morbidity and mortality is necessary for appropriate clini-
cal management in suitable patients. Lastly, the possibility 
that inappropriate replacement of other hormone deficien-
cies is the culprit of many manifestations of hypopituitarism, 
should be considered and evaluated in properly-constructed 
trials.

GH replacement currently remains an individualized 
decision. Patients with AO-GHD who are already on and 
derive benefit from GH replacement will likely continue 
the medication. Criteria for long-term GH therapy remain a 
question to be answered. Initiation of GH replacement may 
be limited to patients managed by experienced providers 
employing standardized protocols with appropriate follow-
up, with full disclosure of all potential risks and benefits, and 
publication of the results in peer-reviewed journals.
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