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Editorial
Growth hormone (GH), as its name suggests, is implicated
in postnatal growth. It is also used in replacement therapy for GH
deficient children to induce linear growth.1 Indeed, it is well proven
that pituitary GH deficiency or a defect in tissue GH receptor (GHR),
result in dwarfism, whereas an excess of pituitary GH secretion
results in gigantism in juveniles, or acromegaly in adults. The GH and
insulin-like growth factor-I (IGF-I) axis is not only involved in the
regulation of somatic growth, but also in glucose metabolism. During
fasting and stress, GH secretion is increased and these conditions
may be viewed as the natural metabolic domain for GH action. GH
decreases glucose uptake in adipose tissue and regulates the glucose
transporter I (GLUT-I) in adipose-tissue-derived cell lines.2 GH may
antagonize adipocyte insulin action. At hepatic level, GH increases
glycogenolysis, thereby increasing endogenous glucose production
(EGP), which could possibly be as a result of insulin antagonism.
GH-deficient children have reduced fasting plasma glucose (FPG)
levels, impaired glucose tolerance (IGT), and increased insulin
sensitivity due to increased glucose utilization and diminished
EGP.3,4 GH replacement increase FPG, insulin levels and EGP.4
GH-deficient adults have elevated fasting insulin levels and show a
positive correlation between fasting plasma insulin and both fat mass
and waist girth, suggesting the presence of insulin resistance. GH
replacement initially increases insulin resistance even more, during
the first 1-6weeks of therapy, but long-term studies suggest that this
subsequently reverts to unchanged insulin-sensitivity.5 Developmental
models of GH deficiency and excess indicate that GH is positively
associated with β-cell mass. The reduction in GH levels observed
with age and weight gain may contribute to the age-related decline
in pancreatic β-cell function. Humans with long-term adult-onset GH
deficiency, or with developmental isolated GHD, show IGT,6,7 and
may have an increase prevalence to diabetes mellitus (DM).8
IGT and DM are both severe complications that frequently
affect acromegalic patients. In fact, some studies have reported a
direct correlation between circulating GH plasma levels and the
degree of glucose intolerance.9 The presence of both pancreatic
β-cell dysfunction and insulin resistance has been suggested in the
pathogenesis of glucose intolerance in acromegaly. In a sample of
98 acromegalics, 17 with diabetes and 39 with newly diagnosed
disturbances of glucose metabolism, we demonstrated that diabetics
were older, heavier and more insulin resistant (higher HOMA IR)
and that they had lower insulin levels (evaluated by HOMA β), and
showed a significant correlation between mean GH levels, IGF1 and insulin resistance.10 Risk factors for diabetes in acromegaly
are: high GH/IGF-1 serum levels, older age, longer duration of the
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disease, a family history of DM and concomitant hypertension.
Acromegaly surgical management is associated with improvements
in glucose disturbances. The first somatostatin analogues (SSA) used
– Lanreotide and Octreotide – had a marginal impact on glucose
metabolism.11 No modification of fasting glucose, HbA1c and a small
change in glucose under OGTT and fasting insulin were observed.11 No
correlation was observed between biochemical control of acromegaly
and glycometabolic parameters during SSA treatment. These SSA
act mainly in somatostatin receptor type 2 (ssrt2). Pasireotide, a
multireceptor SSA, is promising for future acromegaly management,
as it is more efficient when compared with octreotide, on account of a
broad spectrum of ssrt action -it acts at ssrt2 and ssrt5 and also at sstr1
and 3, although with lower affinity.12,13 Its drawback is the evidence
of a higher prevalence of glucose disturbances (28.3% for pasireotide
versus 8.3% for octreotide). In fact, the human pancreatic β cell
shows a greater presence of sstr5 expression than ssrt2, and α cell has
less presence of sstr2, and almost no sstr5.14 Therefore, pasireotide
inhibits insulin secretion more, and has almost no effect on glucagon
secretion.15‒17 Supporting this mechanistic explanation, drugs that
stimulates insulin secretion and supress glucagon production, such
as DPP4 inhibitors (e.g. vildagliptin) and GLP-1 analogues, induced
better glycaemic control in pasireotide-treated acromegalic diabetic
patients.18
GH receptor antagonists (GHRA) are another option for controlling
IGF-1 production and thus blocking GH action. Pegvisomant, the
only commercially available GH antagonist, induces an improvement
in acromegaly glycaemic control through the decrease of glucose and
the normalization of insulin secretion.19 This effect enables one to
understand the important effect of GH on hepatic and peripheral IGF1 action. Hepatic GH-induced IGF1 production is regulated by portal
insulin levels,20 as insulin promotes the translocation of hepatic GHR to
the surface. When portal insulin levels are high, the liver becomes GH
sensitive, regardless of the cause of the increase production of insulin.
In addition, portal insulin also inhibits hepatic IGFBP1 production,
which may increase the bioavailability of circulating IGF1. Insulin
suppression by SSA also selectively results in hepatic GH resistance,
which itself decreases hepatic IGF1 production.20 Therefore, the
consequent reduction in circulating IGF1 does not necessarily
reflect GH activity in peripheral tissues. It thus makes sense that
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normalization of serum IGF1 levels during SSA does not necessarily
imply the control of disease activity in peripheral tissues, which is a
condition that Neggers coined as being “extra-hepatic acromegaly”.21
This concept received support in a study in which evaluated surgically
and SSA treated acromegalics. Despite normalization of IGF-1, SSAtreated patients had less suppressed GH levels and less symptom
relief.22 On the other hand, GHRA, however, does not block all tissues
with equally effectiveness for the actions of GH. Adipose tissue seems
to require less GHRA to reduce GH actions when compared to the
liver, where more GHRA is required to reduce IGF1 production.23
This could be a reason for local GHRA induced lipomatosis. In
further support of this hypothesis, it was recently reported that shortterm GHRA administration in healthy subjects can suppress lipolysis,
without affecting either circulating or local IGF1.24 Accordingly, it is
possible that peripheral suppression of GH activity is obtained prior to
normalization of hepatic IGF-1 production. Therefore GHRA treated
acromegalics with normal peripheral IGF-1 could have peripheral GH
deficiency.21 If all this is true, then acromegalics should need higher
GHRA doses to normalize IGF-1, than non-diabetic acromegalics.
Recently, this was demonstrated by Droste et al.25
In conclusion, similar to the cases of diabetes and hypertension,
treatment options and treatment targets should also be individualized
in the case of acromegaly. The complex interplay between GH/
IGF-1 and insulin, together with the reciprocal action on metabolic
parameters, should all be taken into consideration when evaluating
these patients.
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