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Abstract: Alterations of the somatotropic system as seen in Growth Hormone Deficiency (GHD) or acromegaly can lead 

to a variety of mental and physical impairments. Especially the prevalence of psychiatric disorders is elevated and 

cognitive function is impaired. These changes are paralleled by disturbances of the macroscopic brain tissue architecture 

and may persist despite achievement of biochemical control. On the other hand strong alterations in GH-secretion and 

impaired regulatory response to exogenous stimulation have been described in a variety of studies investigating the 

somatotropic feedback-loop in mood disorders. This reciprocal relationship indicates certain effects of this hormone 

system in the modulation of neuronal function and an involvement in the pathogenesis of psychiatric disorders. 
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INTRODUCTION 

 The presence of growth hormone (GH) and insulin-like 

growth factor 1 (IGF-1) receptors in many areas of the brain, 

the fact that both hormones are produced in the brain and the 

strong evidence that both, GH and IGF-1 may pass the 

blood–brain barrier suggest relevant clinical effects of the 

somatotropic system on the central nervous system [1]. In 

humans, deficiency of GH secretion and low IGF-1 levels as 

well as overexpression of these hormones may cause typical 

changes in brain function. On the other hand, there is also 

evidence for the opposite causality: alterations of brain 

function such as in affective disorders can lead to changes in 

GH and/or IGF-1 secretion. The classical reasons for GH 

deficiency are intrapituitary masses such as pituitary 

adenomas. In addition to that, brain damage such as 

traumatic brain injury or subarachnoid haemorrhage may be 

a common cause of hypopituitarism and GH deficiency in 10 

to 20% of all affected patients [2]. In these cases, it is 

however difficult to clinically distinguish whether brain 

injury, GH deficiency, or both cause the frequently observed 

brain dysfunctions including a negative impact on mental 

health and patients’ quality of life. Further it is not clear 

whether GH substitution improves these alterations as 

clinical intervention studies in this field are sparse. A model 

to study the opposite direction of effects on the brain, being 

GH and IGF-1 excess, represents the disease acromegaly in 

humans. In acromegaly, patients show a distinct pattern of 

increased anxiety-related personality traits [3]. Additionally, 

the prevalence of psychiatric disorders is elevated and 

cognitive function is impaired [3, 4]. These changes are 

paralleled by disturbances of the macroscopic brain tissue 

architecture [5]. 
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 The following review will start with an overview about 

the role of the GH/IGF-1 system in psychiatric disorders in 

animal models. It will then focus on the effects of GH/IGF-1 

alterations and mental health in models of human diseases 

such as affective disorders, GH deficiency and acromegaly. 

THE GH/IGF-1 AXIS AND PSYCHOPATHOLOGY IN 

ANIMAL MODELS 

Anxiety 

 Several studies, investigating central actions of the 

somatotropic system have been focusing on the 

characteristics of the GH mediator IGF-1 instead of GH 

itself. In animal models, systemic administration of IGF-1 

was found to induce neuronal activity, expression of genes, 

neuroplasticity, and neurogenesis, especially in the 

proliferative areas of the subgranular zone of the dentate 

gyrus of the hippocampus and the subventricular zone [6-8]. 

Interestingly, especially the latter brain region might provide 

a possible causal explanation how the GH-system may exert 

its central effects on mood, not only by transient 

modifications but also by permanent changes in the neuronal 

environment of the brain. Though translation of results 

obtained by psychiatric animal models into man contains 

several limitations, there is also evidence for a positive 

correlation of trait anxiety with the hippocampal volume in 

humans [9]. However, there are also reports contradicting a 

connection of hippocampal volume with trait anxiety [10]. 

 In line with these findings, mice-models have been 

established trying to provide a causal link between exercise, 

IGF-1, neurogenesis and anxiety-like behaviour (Fig. 1). 

Trejo et al. [11] first demonstrated that the IGF-1 uptake to 

the brain is increased by physical exercise in a rat model. 

IGF-1 uptake is followed by an increase of Brain-derived 

neurotrophic factor (BDNF) and the consecutive formation 

of new neurons in the dentate gyrus of the hippocampus in 

their experiments. In addition to these findings, exercise was 

shown to induce anxiolytic effects, which could be blocked 
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by the administration of anti-IGF-1-antibodies. Additionally, 

exercise-induced IGF-1 mediated neurogenesis in the 

hippocampus, though these effects seemed to be highly 

dependent on the state of differentiation of the new born 

cells [12]. On the other hand, mice lacking IGF-1 production 

in the liver investigated in another study did not display 

these anxiolytic effects after exercise [13], implicating that 

peripheral IGF-1 which enters the brain, may be more 

important for behaviour control than the endogenous 

production in the brain. 

 Though not investigating direct IGF-1 influences, there 

have been recent reports on increased neurogenesis and 

levels of BDNF in the dentate gyrus of the hippocampus 

induced by voluntarily exercise in mice, leading to a 

pronounced anxiety-like behaviour [14]. Reduction of 

hippocampal neurogenesis by irradiation did not alter 

hippocampal BDNF levels but still lead to a significant 

reduction of anxiety-like behaviour in the examined mice 

population [15]. In another mouse model, mice with higher 

amount of surviving new neurons displayed a behavioural 

pattern characterized by social avoidance [16]. In a rat 

model, lesions in specific regions of the hippocampus like 

the ventral zone were shown to be associated with a reduced 

anxious phenotype [17]. 

 In general, there seems to be the rule that exceptionally 

high as well as markedly reduced numbers of new born cells 

and their impaired integration into the hippocampal circuit is 

associated with an increased anxiety-like behaviour [15, 18, 

19]. Speculatively speaking if a balanced level of 

neurogenesis in the hippocampus is one of the various 

elements in anxiety control this might provide helpful 

information on the clinical observation that anxious 

phenotypes may appear in patients with GH-excess as well 

as in those suffering from deficiency. 

 Another interesting observation in this context has been 

made by the injection of somatostatin, one of the major 

modulators of GH-secretion, into the cerebroventricular 

system. By doing so, anxiolytic and antidepressant effects 

have been induced which seemed to be mediated through 

changes in the neuronal activity in the hippocampus. 

Nevertheless, these effects have been primarily ascribed to 

somatostatin’s function as a neurotransmitter and its binding 

capacity to specific somatostatin receptors in the brain rather 

than to its function in somatotropic suppression [20, 21]. 

Depression 

 Depression-like mood alterations are frequently observed 

in GH-deficient individuals [3, 22, 23]. 

 In mouse models a reduction of peripheral and central 

IGF-1 in the hippocampus led to a depression-like 

behavioural pattern, pointing out once more that both 

sources of this mediator are eliciting effects in the central 

nervous [24]. 

 Again, the hippocampal neurogenesis is considered to 

have an impact on major depression as well. It must be 

 

Fig. (1). Exercise induced and IGF-1 mediated changes in brain architecture and mood. Apart from an endogenous expression of IGF-1 

in the brain, plasma IGF-1 may pass the Blood Brain Barrier by active and passive transport mechanisms. Regarding animal models, IGF-1 

uptake to the brain has been demonstrated to be increased by physical exercise due to transient modifications of the Blood Brain Barrier. This 

was then followed by the formation of new neurons in the dentate gyrus of the hippocampus. There are several studies reporting a strong 

association of altered hippocampal neurogenesis with affective disorders such as anxiety and depression. Though evidence in humans is still 

lacking this might provide a possible explanation for persistent mood impairments in GH-related diseases. 
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recognized, that neurogenesis especially in the hippocampus 

has been speculated to be associated with the therapeutical 

effect of anti-depressant drugs, since these effects could be 

blocked by neurogenesis inhibition. However, it remains 

unclear if increase of neurogenesis per se may have positive 

effects on depression-like behaviours [25, 26]. 

 Again, it has been reported that exercise elicits beneficial 

effect in depressive patients [27]. It has also been 

demonstrated to promote neurogenesis in the hippocampus 

in a mouse model [28]. These effects could at least partly be 

attributed to modifications by the GH/IGF-1-system as 

chronic IGF-1 treatment in mice exerts antidepressant effects 

and the administration of anti-IGF-1 antibodies resulted in 

the abolishment of exercise-induced antidepressant effects 

[29]. In another study an increase in free serum IGF-1, 

performed by the administration of an IGF-binding protein 

inhibitor, resulted in anxiolytic and antidepressant 

improvements which consecutively could be reversed by the 

administration of an IGF-1 receptor antagonist [30]. 

 In contrast to the results described above, indicating that 

IGF-1 is a major player in antagonising depression-like 

behaviour, it has been demonstrated that the upstream 

regulatory elements as GH and GHRH may be equally 

relevant in this context. A study in mice revealed that 

exogenous administration of the GHRH-antagonist MZ-4-71 

resulted in an in accentuated depressive phenotype [31]. 

 In view of the complexity of the brain, basing upon the 

interplay of myriads of neurons and their synapses it should 

be emphasized that observations on the number of new-born 

cells should be interpreted with caution and only in the 

context of the awareness of its limitations. Little is known 

about the existence of neurogenesis in humans, not to 

mention its potential functional relevance, and a sole 

increase in neurons must not be equalized with an increased 

complexity of neuronal circuits. Even by acknowledging its 

functional role in the process of neuronal adaption, one 

should refrain from regarding the sole appearance of new-

born cells as exclusively beneficial or harmful. 

 Without going into detail, psychiatric illnesses are 

beyond doubt highly complex brain disorder, presenting with 

multiple symptoms and disturbances, reflecting dysfunctions 

on various levels of the brain. 

 It should also be stressed in this context that the value of 

animal models itself simulating psychiatric conditions in 

humans is subject of controversial debate [32, 33]. 

 Considering the fundamental differences in brain 

architecture and behavioural demands between humans and 

animals, results generated by these models should therefore 

be cautiously interpreted. 

ALTERATIONS OF THE SOMATOTROPIC SYSTEM 

IN PATIENTS WITH PSYCHOPATHOLOGICAL 

FUNCTION 

 Strong alterations in GH-secretion and impaired 

regulatory response to exogenous stimulation have been 

described in a variety of studies investigating the 

somatotropic feedback-loop in mood and anxiety disorders. 

However, a causal relationship remains unclear. 

 Whereas healthy individuals show a significant GH 

increase after physical exercise, young men with high scores 

of depression and anxiety present with a reduced or no 

increase in GH secretion subsequent to physical activity 

[34]. Comparable results were obtained in a study in mainly 

female patients, showing a blunted GH response following 

physical activity [35]. Other investigators found a reduced 

24-h GH secretion in depressive patients mainly attributed to 

decreased nocturnal GH levels [36, 37]. This has been 

confirmed in another study measuring only nocturnal GH 

secretion [38]. However, these results were challenged by 

others reporting unchanged daytime GH secretion [39] or 

even increased 24-h GH secretion due to elevated diurnal 

levels [40, 41]. Regarding stimulation testing in depressive 

patients, it has been shown that GH response to GHRH [38] 

and clonidine [42] is reduced though elevated levels of IGF-

1 have been observed [39, 43]. 

 In children with depressive symptoms, GH response to 

insulin induced hypoglycaemia [44] and to the 

administration GHRH [45] is decreased. 

 It is noteworthy that not only children and adolescents 

suffering from clinical depression but also those, who are at 

a high risk for developing such as disease due to a positive 

family history present with a reduced increase of GH to 

GHRH stimulation testing [46]. 

 It should be kept in mind that for example patients 

suffering from major depression, display a variety of 

hormonal alterations especially in regard to disturbances of 

the hypothalamic-pituitary-adrenal axis (HPA) [47]. Since 

virtually every hormone-axis is interacting with another in 

some way, it is sometimes difficult to discriminate between 

the different effects exerted by the individual hormones. [48, 

49] 

PSYCHOPATHOLOGICAL FUNCTION IN PATIENTS 

WITH GH DEFICIENCY 

 A study suggested a high prevalence of social phobia in 

adults with early GH-deficiency though they were treated 

with GH during childhood [50]. This anxious phenotype 

could not only be ascribed to a short statue due to GHD and 

consecutive difficulties in social interactions, since a 

comparison group with growth hormone-independent short 

statue did not represent with social phobia [51]. One study 

revealed an impaired quality of life and depressive 

characteristics in patients presenting with GH-deficiency 

after treatment for acromegaly compared to their GH-stable 

controls [52]. Adults with Childhood Onset Growth 

Hormone Deficiency (CoGHD) who were treated with GH 

during childhood had similar school achievements as their 

peers, but were more likely to be unemployed or 

underemployed and were often unmarried. Depression, 

particularly anxiety disorders and social phobia, was 

observed in these patients as well [53, 54]. 

 It has been found that patients with Adult onset growth 

hormone deficiency (AoGHD) have more difficulties in 

working and reduced enjoyment from social occasions than 



The Somatotrope Axis in Psychopathology The Open Endocrinology Journal, 2012, Volume 6    65 

patients with CoGHD [55, 56]. This has been attributed to 

the fact that CoGHD patients grow up with the problems 

associated with GHD, whereas patients with AoGHD are 

aware of the difference between before and after the 

development of GHD. Another study showed a high 

prevalence of atypical depression in AoGHD patients who 

would benefit from a substitution therapy in terms of less 

pronounced depressive behavioural patters. In addition to 

that improvements energy levels and less sleep disturbance 

was documented [22]. Pointing in the same direction, a 

recent study reported beneficial effects of GH-substitution 

on depressive tendencies in GH-deficient children, 

suggesting a causal relationship [23]. In line with these 

findings the administration of GH had a positive impact on 

depressive behavioural patterns of a small study population 

consisting of 6 individuals, which from GH- deficiency due 

to major head trauma [57]. 

PSYCHOPATHOLOGICAL FUNCTION IN 

PATIENTS WITH GH EXCESS 

 Interestingly not only lower levels of GH but also 

excessive GH- release as in acromegaly may result in distinct 

mood alterations, though there are only few studies 

investigating the characteristic features of GH excess on 

psychiatric malfunctions [3, 4, 58-61]. A cross sectional 

study on 81 acromegalic patients showed an elevated risk for 

major depression and dysthymia, while panic disorders were 

less prevalent compared to two control groups of subjects 

with and without other chronic somatic disorders [4]. 

 Even biochemical control achieved by either surgery, 

radiotherapy, radiosurgery or medical therapy usually 

improves most of the somatic comorbidities [62, 63], but 

often fails to restore full quality of life and mental health [3, 

4, 61, 64, 65]. These permanent impairments might be due to 

irreversible neuronal changes in the presence of long-term 

GH-IGF-1 excess. Though in vivo studies on this topic are 

sparse, there has been on study on 44 acromegalic patients, 

revealing that these patients exhibited larger GM and WM 

volumes while CSF was reduced [5]. In addition to that, a 

recent study by Sievers et al. revealed an increased 

hippocampal volume in acromegalic patients particularly 

early in the disease course [66]. 

CONCLUSION 

 Alterations of the somatotropic system can lead to a 

variety of mental and physical impairments due to its diverse 

functions in neuronal development and its regulatory effects 

on brain function. 

 Taken together, most studies on affective disorders report 

a disturbance of GH secretion. Even though data are 

somewhat conflicting, evidence points toward a blunted GH 

response after stimulation in depressed patients. As this has 

also been observed in non-depressed family members of 

depressive patients, it is possible that blunted GH secretion 

may be a trait marker for subjects at high risk for depression. 

On the other hand GHD as well as acromegaly may lead to 

severe alterations in mood control indicating a contribution 

of a balanced GH-system to a functional integrity of certain 

brain circuits which might be impaired in psychiatric 

malfunction. It has to be noted, that these impairments might 

not vanish despite biochemical disease control or adequate 

hormonal substitution. In line with these observations, there 

is evidence that the GHRH-GH-IGF-1-axis may exert 

permanent changes in brain architecture. Especially the 

hippocampus, a brain region which is widely associated with 

various mental dysfunctions such as depression and anxiety 

related traits, appears to play a certain role in this context. 

The complex mechanisms underlying these interrelations 

are, however, still to be clarified. 
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