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It is well known that the growth hormone (GH)-insulin-like
growth factor type I (IGF-I) axis-in addition to regulating
somatic growth exerts important metabolic actions and
regulates body composition [1]. GH (like insulin) is
essential in adapting the utilization of calories to the
amount of ingested food, promoting anabolism when
caloric supply exceeds demands, and catabolism in the
opposite situation. While insulin is the main metabolic
hormone in the fed state, GH assumes a key role as
stimulator of lipolysis during prolonged fasting, when it
causes preferential oxidation of lipids and protein synthesis
[2]. The increase in GH secretion that occurs with fasting
may have represented an evolutionary advantage in times
of food scarcity. However, GH and IGF-I have opposite
effects on glucose homeostasis, with the former reducing
insulin sensitivity (mainly acting in the liver) and the latter
increasing it in the muscle.
The relationships between adipose tissue and GH secretion are complex. Obesity induces hyperinsulinemia,
hypo-adiponectinemia, hyper-leptinemia, reduced serum
ghrelin, and increased free fatty acid (FFA) levels, thereby
suppressing GH secretion from the pituitary [3]. Thus, high
prevalent conditions related to insulin resistance, such as
visceral obesity, non-alcoholic hepatic disease, and type 2
diabetes, are associated with low GH secretion [3]. Because GH can contribute to insulin resistance that may
develop when caloric supply exceeds demand, the reduction in GH secretion that occurs with obesity may be an
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adaptive phenomenon to prevent insulin resistance [3].
However, the reduction in GH secretion may further increase fat accumulation by reducing lipolysis, and therefore
exacerbate obesity, establishing a dangerous vicious circle.
Accordingly, truncal adiposity is one of the most important
clinical findings of the adult GH deficiency (GHD) syndrome [4]. Despite this association, a reverse causal link
between GHD and obesity has not been established.
Another important interaction between GH and adipose
tissue relates to the activity of the 11b-hydroxy steroid
dehydrogenase type 1 (11b-HSD-1) enzyme, which catalyzes the conversion of inactive cortisone to active cortisol. Because GH (and/or IGF-I) inhibits 11b-HSD-1
expression in adipose tissue (and liver), GHD causes increase in 11b-HSD-1 activity, thereby creating a local
cortisol excess even when overall cortisol levels are normal
[5].
Great attention has been paid in the last 2 decades on
studying the consequences of adult onset GHD. This condition results in increased visceral adipose tissue, insulin
resistance, and increased cardiovascular risk [4]. Conversely, the GH status of obese subjects is less well characterized. It is well known that the secretion of GH is
markedly reduced in obese individuals compared to agematched controls [3]. Indeed, the GH response to a variety
of stimuli is significantly blunted in obese subjects. Several
mechanisms underlie this condition, including reduction of
both frequency and amplitude of GH secretory bursts and
increase in GH metabolic clearance [6]. Whether these
changes are a simple and adaptive consequence of obesity,
or they somehow contribute or worsen the excessive weight
accumulation is not yet known.
In this issue of Endocrine Lubrano et al. [7] performed
pituitary MRI and GH stimulation test (with GHRH ?
arginine) in a large number (184) of obese subjects
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(BMI C 30 kg/m2). Using a cutoff peak GH of 4.2 ng/ml,
they found a subnormal GH response in 38 % (70/184) of
the subjects. All but one of the 70 GHD subjects (99.5 %)
had MRI image of empty sella (ES), while the same MRI
feature was present in 54 % (62/114) of subjects who were
judged to be GH sufficient. GHD was therefore present in
69 of the total 131 ES subjects, with a prevalence of
52.6 %, similar to what previously reported [8]. However,
a surprising finding in this paper is the very high overall
prevalence of ES in obese subjects (131/184, 71 %). No
obvious explanation of such high prevalence is offered, but
a selection bias must have been present. Because of the
high prevalence of ES in subjects with blunted GH response, the authors hypothesize that organic pituitary
damage (i.e., the GHD status caused by ES) may have a
role in the development of obesity, and that this scenario
may open the possibility of future trials looking at the
treatment of obesity with GH. Indeed, GH has become a
common treatment in some forms of genetic obesity such a
Prader Willi syndrome [9]. However, a recent meta-analysis of 982 obese individuals treated with GH showed a
reduction in adipose mass, but not overall weight reduction
[10]. The effect of GH treatment on insulin sensitivity is an
important consideration, as many obese subjects have insulin resistance. The end effect of GH therapy on glucose
metabolism is the result of two opposite effects: a favorable
one (mediated by the body composition improvement) and
a negative (directly caused by its counter-insular effect of
GH). The importance of GH in causing insulin resistance is
highlighted by the observation that subjects with severe,
lifetime, untreated isolated GHD are insulin sensitive despite an increased visceral fat [11]. Nevertheless, most
studies show that the net effect of GH replacement (both in
GHD and obese subjects) is a positive effect on insulin
sensitivity, at least in the short term [3].
While several conditions without obvious GH deficiency
are treated with GH replacement in childhood (e.g., Turner
syndrome, renal insufficiency, idiopathic short stature), we
need to differentiate the pharmacological effects of GH
from replacement therapy. To do so, we need tools to accurately diagnose GHD. While pediatric endocrinologists
have struggled for decades with the fallacy of stimulation
tests, they are often rescued and guided in their ‘‘treat vs.
not treat’’ decision by the ultimate effect of GH, linear
growth. Adult endocrinologists cannot rely on this end
organ effect, and must therefore rely more heavily on GH
stimulation tests. Corneli et al. [12] have shown that subjects with BMI[30 kg/m2 have a lower peak GH to GHRH
? arginine than lean subject. This has recently been confirmed to be the case for the glucagon test (with normal
response above 1 ng/ml), presently widely used in the USA
due to GHRH unavailability [13]. This has prompted the
recommendation of different GH stimulation cutoffs based
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on BMI. However, while a BMI cutoff is used, an inverse
correlation between BMI and GH peak seems to exist.
Therefore, ideally, rather than cutoff, we would need a
nomogram where continuous BMI values could be correlated to ‘‘normal’’ GH peak. Because GHD subjects in this
work were significantly more overweight than non GHD
(BMI 42.70 ± 10.16 vs. 38.02 ± 7.11 kg/m2 p \ 0.001),
it is possible (despite a negative multiple regression analysis) that worse obesity—rather than ES—was the main
cause of reduced peak GH. Accordingly, significant weight
loss reverses defects in 24-h spontaneous GH release profiles, basal IGF-I levels, and GH response to insulin-induced hypoglycemia, pointing to an acquired and
potentially transient defect rather than a persistent anatomic disorder [14]. It has been suggested that waist circumference (WC) (rather than BMI) is the best predictor of
GH response (at least in males), with a peak after arginine
? GHRH that is reduced by 1.0 ng/ml for each 1 cm of
waist circumference [15]. The GHD subjects reported by
Lubrano et al. did have larger WC than normal
(128.90 ± 18.81 vs. 118.43 ± 16.43 cm, p \ 0.001).
Although multivariate analysis did not seem to correlate
GH peak with WC, it would be interesting to re-analyze the
data adjusting the GH peaks according to the above-mentioned correction. Finally, it is my opinion that, in the
absence of a gold standard for the diagnosis of GHD, any
conclusion on a new cutoff for the GHRH ? arginine test
based on this work is premature.
In conclusion, while it would be tempting to consider
GHD among the causes of obesity, until we have a more
precise way to assess GH secretion in obese subjects that is
accurately adjusted by obesity indexes (and preferably by
gender and age), we will be always be left wondering what
came first, obesity or GHD. That said, it is possible that GH
therapy (replacement or pharmacological) may in the future prove to be a useful tool in at least some forms of
apparently idiopathic obesity. To this end, randomized
clinical trials are needed. Until then, the use of GH in
adults should be reserved to approve indications [16].
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