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Professor Francesco Minuto accepted our belated invitation to write a chapter for this volume and completed it despite a rapidly progressive, unforgiving disease.

Sadly, he passed away without seeing the completed book.

We wish to dedicate this volume to his memory, strength and dedication.

 

With enduring friendship,

Ezio Ghigo, Massimo Porta
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Introduction

The American Diabetes Association defines diabetes mellitus as a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action or both [1]. The well-known classification includes type 1, which requires insulin for survival, type 2, a condition resulting from a progressive insulin secretory defect on the background of insulin resistance [2], gestational diabetes, which is still undergoing changes in definition, and the category of ‘other specific types of diabetes’. This includes a long list of genetic defects of the beta cell and of insulin action, diseases of the exocrine pancreas, endocrinopathies, drug- or chemical-induced diabetes, infections, uncommon forms of immunemediated diabetes and other genetic syndromes sometimes associated with diabetes [1].

We felt that this hazy area deserves more attention than it usually receives. Physicians dealing primarily with diabetes are mostly concerned with the mechanisms of beta cell damage and options for preventing and treating type 1 and type 2. Specialists dealing with other disorders of internal secretion also tend to focus their attention on specific endocrine glands. Somehow, diabetes secondary to other endocrine disorders ends up not receiving all the attention it deserves. The same applies to individuals suffering from diseases of the exocrine pancreas. This may lead to tardy diagnosis of diabetes in these patients and, even more worrying, to delayed diagnosis of occult conditions that may have diabetes as an initial manifestation, pancreatic cancer being the most dreaded. The literature is not extensive on the matter and there are no guidelines or recommendations to suggest a sensible clinical course.

The idea of dedicating a volume of the series Frontiers in Diabetes to diabetes secondary to endocrine and pancreatic disorders was born out of such considerations. For most physicians, knowledge of this matter rests upon information gathered indirectly from previous study or occasional research. That secondary diabetes has remained a neglected area was an even stronger stimulus to engage a series of leading experts in the writing of a comprehensive update. We wish to express our deepest gratitude to the publisher for their customary enthusiastic support leading to the completion of this volume. We hope it will be of help to all physicians dealing with this large part of medicine and that it might even grow to be regarded as a reference source.

 

Massimo Porta, Turin

Ezio Ghigo, Turin
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Abstract

This chapter tries to address the fascinating interplay between the glucose-insulin system and the growth hormone (GH)-insulin-like growth factor 1 system from the angle of GH excess. As these two systems are so closely linked, one might expect that when GH secretion is pathologically increased, the glucose-insulin system must adapt to this - and indeed it does. In acromegaly, diabetes - or at least impaired glucose tolerance - is the result of GH excess. The medical treatment modalities for acromegaly have interesting and diverse effects on glycemic control. As many of these aspects are also important for the discernment of the metabolic differences between type 1 and type 2 diabetes mellitus, we believe that the reader might obtain a better understanding of the (patho)physiology of the link between glycemic control and GH secretion.

© 2014 S. Karger AG, Basel

Introduction

Growth hormone (GH) is well known for its anabolic actions [1, 2]. It stimulates cell growth and differentiation. GH also antagonizes insulin actions as it stimulates lipolysis, gluconeogenesis and glycogenolysis [1, 2]. Interestingly, GH also induces an increase in serum insulin-like growth factor 1 (IGF-I) levels, and IGF-I shares many actions with insulin [1, 2]. This chapter addresses the interplay between GH, IGF-I and insulin. GH excess is discussed in particular as it is the main topic of the chapter.

Acromegaly

What Is Acromegaly?

Acromegaly is by far the most important condition in which GH concentrations are elevated up to levels that lead to a clinical picture with a characteristic phenotype and typical signs and symptoms [3]. Acromegaly is almost always caused by pathological hypersecretion of GH by a somatotropinoma of the anterior pituitary [3, 4]. The phenotypical changes are the result of the tissue-specific combined actions of elevated GH and IGF-I levels [3, 4].

Do Acromegalic Patients Have Diabetes?

Uncontrolled acromegaly patients do indeed have diabetes, or at least impaired glucose tolerance, as was already reported decades ago [5]. However, the metabolic mechanisms responsible for this are complex and need to be addressed in detail. Pathological GH secretion by the somatotropinoma induces elevated IGF-I levels which do not feed back on the pituitary tumor enough to decrease the elevated GH levels again to within normal range, so both GH and IGF-I concentrations are up. Due to the elevated GH concentrations, gluconeogenesis and glycogenolysis are up as well [1, 2]. This increased hepatic glucose production needs more insulin to take care of the increased glucose load in the circulation. The increased insulin/glucose ratios in acromegaly are characteristic for what is called insulin resistance [6], and these changes seem to be gender related (fig. 1) [6].

So Acromegaly Leads to Insulin Resistance, but What Is the Effect of Hyperinsulinemia on Acromegaly?

As we just described, GH hypersecretion induces insulin hypersecretion. To fully understand the interplay between GH and insulin, one has to take into account that insulin is an important regulator of GH action on the liver [7]. Leung et al. [7] nicely addressed this relation by showing that insulin regulates hepatic GH receptor (GHR) biosynthesis and surface translocation in a reciprocal manner, with surface receptor availability being the net result of divergent effects. Insulin upregulates total and intracellular GHR in a concentration-dependent manner. Insulin increases surface GHR but also suppresses surface translocation of GHR in a concentration-dependent manner, whereas internalization is unaffected.

In other words, in physiological conditions, including hyperinsulinemia during acromegaly, the high portal insulin levels will make the liver more GH sensitive, as GHR numbers are up. As GH is already abundantly available because of the pathological secretion by the pituitary tumor, IGF-I production by the liver will be increased even more than can be expected by pituitary overproduction of GH alone.
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Fig. 1. GH, IGF-I and insulin interplay in the regulation of glucose homeostasis in physiological conditions (a) and in acromegaly (b). a In normal physiology, GH and insulin counteract each other in glucose metabolism, while sharing their ability to increase IGF-I levels at the hepatic level. Insulin decreases IGF-binding protein 1 (IGFBP1), which in turn increases IGF-I activity. b In acromegaly, excessive GH secretion by the pituitary tumor results in hyperinsulinemia and hyperglycemia on top of the elevated IGF-I levels. Hyperinsulinemia aggravates disease activity by increasing IGF-I levels even further and by reducing IGFBP1, which in turn increases IGF-I activity.

In conclusion, acromegaly patients have high GH - and therefore high IGF-I - levels, but they also have high insulin levels. This hyperinsulinemia makes the liver more sensitive to GH, which worsens the situation for the patient as, apparently, the disease activity is not only driven by the tumor but also indirectly by this (portal) hyperinsulinemia.

Are Portal Insulin Concentrations Important in Acromegaly?

Yes, they are. Portal insulin in fact is an important modulator of liver sensitivity to GH that is used by all of us every day when we eat and when we are fasting [7]. Prolonged fasting is accompanied by a decrease in glucose levels, and hypoglycemia will occur unless the body takes countermeasures. GH secretion is an essential countermeasure as it mobilizes resources like fat and glycogen [ 1, 2]. The question is how fasting increases GH levels.

Part of the answer is that fasting must be accompanied by a drop in insulin levels as, otherwise, hypoglycemia will occur. Also, when insulin levels drop, IGF-I levels must go down as well to prevent hypoglycemia, as IGF-I still has important hypoglycemic properties, albeit a significantly lower hypoglycemic potency than insulin [8]. This drop in IGF-I, induced by the drop in portal insulin, is caused by the drop in available GHR in the liver by the mechanism described above [7]. The brain, however, immediately detects this drop in IGF-I and responds by increasing GH secretion as part of the feedback control system of the GH-IGF-I system [8]. In summary, the drop in portal insulin secretion drives, at least in part, the increase in GH levels during fasting.

Are These Effects of Portal Insulin Concentrations on the GH-IGF-I Crosstalk of Clinical Importance?

Indeed they are; portal insulin levels are very important in two well-known diseases, namely type 1 and type 2 diabetes. As for type 1 diabetes, we must start with the well-known fact that portal insulin levels are very low simply because of the absence of beta cells in the pancreatic islets [9]. As Leung et al. [7] reported, these low portal insulin levels will lead to the absence of GHR in the liver. In other words, livers of type 1 diabetes mellitus (DM) patients appear to be severely GH resistant [10]. In a pivotal report, Shishko et al. [10] nicely showed that type 1 DM is associated with decreased IGF-I levels, enhanced GH concentrations and IGF-binding protein 1 (IGFBP1). Since the liver is the major source of IGF and IGFBP production, they were interested in whether levels of IGF-I differ when insulin is infused into the portal or into the peripheral vascular system (e.g. subcutaneous injections). They observed that insulin treatment can result in IGF-I levels rising to within the normal range. This entirely depends, however, on the route of insulin infusion. Diabetic patients in conventional insulin therapy had low IGF-I levels compared with patients on continuous subcutaneous insulin infusion and, especially, intraportal insulin infusion [10]. Their results show the role of the route of insulin administration in the normalization of IGF-I levels, demonstrating the important role of insulin in the control over GH sensitivity of the liver [10]. And since high GH levels in the liver in combination with low IGF-I concentrations worsen insulin sensitivity, their data simply suggest that treating type 1 DM with insulin in the ‘wrong’ circulation (namely the systemic and not the portal circulation) keeps patients insulin resistant with high GH and low IGF-I levels.

Another example of this insulin-dependent sensitivity of the liver to GH was reported by Wurzburger et al. [11]. GH responses to GH-releasing hormone were studied in insulin-dependent diabetics before and after 7 days of treatment with 4 IU of recombinant human GH (rhGH). The insulin-dependent diabetics were subdivided into C-peptide-negative patients without endogenous pancreatic beta cell activity and C-peptide-positive patients with residual endogenous insulin secretion. The rhGH treatment induced a similar increase in the mean 24-hour GH concentrations in both groups. The mean baseline serum IGF-I concentrations were not significantly different between C-peptide-negative and C-peptide-positive patients. The net increase in IGF-I concentrations after rhGH treatment was, however, significantly smaller in C-peptide-negative patients because their liver cells are GH resistant [7]. Their results again show the important role of portal insulin secretion in GH-induced hepatic IGF-I secretion [11].

Treatment-Dependent Effects on Glycemic Control in Acromegaly

Treatment modalities for acromegaly can be divided into surgery, radiotherapy and medical treatment [12]. For this book chapter, however, we will focus only on medical treatment modalities.

Somatostatin Analogs

In a recent meta-analysis of the effects of long-acting somatostatin analogs (SSA; octreotide long-acting repeatable, LAR, and lanreotide Autogel) on glycemic control in acromegaly patients by Mazziotti et al. [13], it was reported that SSA may have a marginal clinical impact on glucose homeostasis in acromegaly. However, the mode of action of SSA is complex and needs some explanation as SSA have direct and indirect effects on glycemic control that are GH and IGF-I independent.

An example of this was reported by Ren et al. [14] already some 20 years ago. They showed that octreotide induces basal and stimulated IGFBP1 in hepatocytes independently of insulin and GH. As IGFBP1 regulates IGF-I actions, the induction of IGFBP1 represents a pituitary-independent inhibiting mechanism for octreotide action.

Another effect of SSA on IGF-I production by the liver was reported by Murray et al. [15]. They showed that rat hepatocytes express somatostatin receptor subtypes 2 and 3 and that IGF-I mRNA and protein levels can be suppressed in a dose-dependent manner by administration of octreotide. The inhibitory effect of somatotropin release-inhibiting factor was specific for IGF-I induction in the presence of GH and did not inhibit GH-induced c-Myc or extracellular signal-regulated kinase phosphorylation. These results demonstrate that SSA act both centrally and peripherally to control the GH-IGF-I axis [15].

To quantify the inhibitory effect of SSA on IGF-I production by the liver, two separate studies were performed with almost identical study designs. The first one was by Laursen et al. [16]. They examined possible GH-independent effects of the SSA octreotide on IGF components in humans. GH-deficient (GHD) patients were studied for 24 h before and after 1 week in which they received daily subcutaneous GH injections plus continuous subcutaneous infusions of octreotide or placebo. They observed that 1 week of administration of octreotide to GH-treated GHD patients slightly attenuated serum IGF-I generation and tended to decrease levels of the other components of the 150-kDa ternary complex [16].

The other, almost identical, study was performed some 10 years later by Pokrajac et al. [17]. They also studied the pituitary-independent effects of octreotide on IGF-I generation in GHD patients on a stable dose of GH replacement for at least 6 months. The patients were studied before and after 1 week of octreotide injections (in this case 3 times a day instead of continuous infusion). They also demonstrated that octreotide can induce a significant decrease in IGF-I levels in GHD patients on a fixed dose of GH replacement, most likely by directly antagonizing the action of GH on hepatic IGF-I generation, and indirectly by suppressing insulin secretion [17].

Do These Direct Effects of SSA on IGF-I Generation by the Liver Have Clinical Consequences?

Probably yes; SSA selectively decrease IGF-I generation by the liver, as described above. Therefore, SSA treatment can decrease IGF-I to levels that are lower than can be expected from the circulating GH levels in acromegaly. An example of this was reported by Rubeck et al. [18]. They compared traditional and novel biomarkers and health status in patients with acromegaly who were treated by either surgery alone or with SSA. In their study, all patients were in long-term remission based on normalized total IGF-I levels after surgery alone or during SSA treatment. Health status was measured by two questionnaires: the EuroQoL and Patient-Assessed Acromegaly Symptom Questionnaire. During SSA treatment, insulin response to an oral glucose tolerance test appeared to be delayed, and the 2-hour glucose levels were elevated [18]. Interestingly, disease-specific health status was better in patients after surgery, and GH levels were twice as low as compared with those in the SSA-treated group [18]. Apparently, SSA treatment compared with surgery alone is associated with less suppressed GH levels and less symptom relief. The above has resulted in a new concept, ‘extrahepatic acromegaly’, which describes the tissue-specific effects of SSA and their consequences for clinical signs and symptoms (fig. 2) [19]. In conclusion, effects of SSA on disease control in acromegaly are overestimated because serum IGF-I levels are lower than GH levels would predict. This is caused by the direct and indirect IGF-I-lowering effects of SSA on the liver.

What about the New SSA Pasireotide and Glycemic Control?

Pasireotide is a multisomatostatin receptor ligand with potential efficacy for the treatment of pituitary and neuroendocrine tumors [20]. It is currently approved for the treatment of Cushing’s disease and phase III studies in acromegaly are proceeding to date. Interestingly, pasireotide induces hyperglycemia in an unexpectedly high number of subjects that are treated with this new SSA [20]. The cause of this hyperglycemic side effect is not entirely understood. Both an imbalance between insulin and glucagon secretion and different phosphorylation of the somatostatin receptors by pasireotide versus ‘classical’ SSA have been mentioned [21].
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Fig. 2. Effect of medical treatment with SSA on glucose homeostasis in patients with acromegaly. SSA have multiple effects. Apart from the well-known inhibitory effects on GH secretion by the pituitary adenoma, SSA also exhibit GH-independent direct and indirect actions on the liver that inhibit IGF-I secretion, while stimulating IGFBP1 production and secretion. This additional decrease in IGF-I might result in overestimation of the efficacy of SSA as nonhepatic tissues might still encounter too much GH action [19].

Effects of GHR Antagonists

GHR antagonists block GHR in all tissues, although there are no data that indicate whether or not brain GHR are blocked as well. The only available GHR antagonist for clinical purposes is pegvisomant (PEGV). PEGV is a competitive blocker, which means that it competes with the endogenous GH for binding to GHR [22-24].

Effects of PEGV on Glycemic Control

Compared with SSA treatment, PEGV seems to be superior in improving glycemic control during treatment of acromegaly patients. Barkan et al. [25] reported effects of changing therapies from SSA to PEGV on glucose homeostasis and safety. Decreases in fasting glucose and HbA1c levels were observed in patients with and without diabetes. HbA1c was reduced by more than 1.0% in patients with diabetes. The median pituitary tumor volume did not change, although the tumor volume increased in 2 patients with macroadenomas. The researchers concluded that conversion from SSA to PEGV treatment improves glycemic control [25].

Lindberg-Larsen et al. [26] assessed basal and insulin-stimulated (euglycemic clamping) substrate metabolism in patients with active acromegaly before and after 4 weeks of PEGV treatment (15 mg/day) in an open study design. After the start of PEGV administration, IGF-I levels decreased, whereas GH levels increased. Basal serum insulin and plasma glucose levels decreased after treatment [26]. During clamping, the glucose infusion rate increased after PEGV, whereas the suppression of endogenous glucose production tended to increase. Apparently, PEGV treatment improves peripheral and hepatic insulin sensitivity in acromegaly [26]. Their data support the important direct effects of GH on glucose metabolism and add additional benefits to PEGV treatment for acromegaly.

Also Drake et al. [27] reported on the beneficial effects of PEGV treatment on glycemic control. The aim of their study was to document changes in insulin sensitivity in patients with acromegaly who were treated initially with a stable dose of depot octreotide LAR for a median of 18 months, and who were then transferred to treatment with PEGV for a median of 8 months. Insulin sensitivity was assessed by Homeostatic Model Assessment using fasting glucose and insulin concentrations, and by a short insulin tolerance test. The mean fasting plasma glucose levels fell during PEGV treatment compared with octreotide LAR. Thus, insulin sensitivity and glucose tolerance improved in patients converted from SSA to PEGV therapy, without a change in body composition, and even when serum IGF-I concentrations remained equally well controlled [27].

Parkinson et al. [28] studied the short-term effects of PEGV (20 mg/day for 7 days) and octreotide (50 μg thrice daily for 7 days) on glucose tolerance and stimulated gut hormone release in 6 healthy male volunteers in an open-label, random-order crossover study. Interestingly, in these healthy volunteers, PEGV had no effect on glucose tolerance or stimulated gut hormone response during an oral glucose tolerance test and a standard meal. In contrast, octreotide significantly increased fasting plasma glucose, lowered fasting plasma insulin and led to deterioration in glucose tolerance. Thus, PEGV - unlike octreotide - is not associated with deterioration in glucose tolerance and impairment of stimulated gut hormone release in normal males [28].
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Abstract

Growth hormone (GH) deficiency (GHD) is a complex disease with a constellation of symptoms and signs which involve metabolism at several levels. Particular attention has been paid to glucose and insulin regulation by the GH and insulin-like growth factor 1 axis with contrasting results in in vitro and in vivo studies, as also in untreated and treated GHD subjects. The fact that GH shares the same signaling molecules as insulin is a reason for both insulin-mimetic and insulin-antagonistic actions of the hormone. Moreover, GHD seems to have a differing impact on glucose metabolism and the risk of developing diabetes across the lifespan from neonates to elderly. Further risk factors like family history, visceral obesity and lifestyle may have a detrimental role. The aim of this chapter is to critically review the up-to-date evidence on diabetes and glucose alterations in treated and untreated GHD patients in order to ensure the correct management of these patients in each phase of their life.
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Introduction

Growth hormone (GH) deficiency (GHD) is a complex disease with a constellation of symptoms and signs which involve metabolism at several levels. Particular attention has been paid to glucose and insulin regulation by the GH and insulin-like growth factor 1 (IGF-I) axis with contrasting results in in vitro and in vivo studies, and also in untreated and treated GHD subjects.

GH is the main regulator of postnatal growth and it is an ancestral hormone identified in the pituitary of primitive vertebrates. The evolutionary link with metabolism is clear when we remember that: (1) IGF-I and insulin derive from a common gene; (2) IGF-I receptor has a homology with insulin receptor; (3) IGF-I receptors bind IGF-I with high affinity but also insulin with low affinity; (4) insulin receptors bind insulin with high affinity but also IGF-I with low affinity; (5) expression of IGF-I receptor and insulin receptor is comparable in the skeletal muscle; (6) insulin modulates gene expression and secretion of IGF-binding protein 1 (IGFBP1), one of the most important regulator of IGF-I bioavailability; (7) GH and prolactin are able to stimulate beta cell proliferation, insulin gene expression, and insulin production and secretion; and (8) some data suggest that insulin and GH actions converge at the postreceptor level [1-3]. Moreover, acute treatment with GH increases the levels of free fatty acids (FFA), IGF-I, ketone bodies, insulin and glucose. Conversely, fasting and stress increase GH secretion, whereas feeding inhibits it, suggesting a predominant role for GH in fasting conditions or in the postabsorptive states [1, 4]. Then, GH actions on glucose metabolism are strictly regulated by fuel disposition with nitrogen retention and anabolism during feeding or caloric surplus and with a shift from carbohydrate and protein catabolism to lipolysis during fasting or caloric restriction. Because IGF-I receptor is also expressed at the muscular but not the hepatic level, IGF-I has a complex role in the modulation of metabolism and glucose.

GHD and/or IGF-I deficiency should be a good model for understanding the system; nevertheless, data on humans are still controversial. The aim of this chapter is to review the knowledge about glucose metabolism with particular attention to secondary diabetes and insulin resistance in untreated and treated subjects with childhoodonset and/or adult-onset GHD.

Metabolic Actions of the GH/IGF-I Axis

GH is a hormone of 191 amino acids, secreted by the anterior pituitary. It binds to its receptor, GHR, and triggers JAK/STAT signaling, which leads to the production of IGF-I and IGF-II, responsible for the indirect effects of GH on cellular growth and proliferation [1]. GHR belongs to type I of the hematopoietin superfamily of cytokine receptors and has been identified in several tissues including liver, muscle, heart, fat and pancreas. IGF-I is mainly produced by the liver through GH stimulation. Moreover, for an adequate hepatic IGF-I production, sufficient nutrient intake and high portal insulin levels are required, as suggested by studies with type 1 diabetes models [5]. Insulin also modulates the hepatic cell membrane expression of GHR as well as postreceptor signaling, influencing circulating levels of IGF-I and of IGFBP. GH, through GHR, is also able to activate the mitogen-activated protein kinase pathway, at least in fibroblasts, as well as phosphoinositide 3-kinase and Akt/protein kinase B. Additionally, GH promotes phosphorylation of insulin receptor substrates 1 and 2 by activation of JAK2 in many tissues. The fact that GH has the same signaling molecules as insulin is a reason for both the insulin-mimetic and -antagonistic actions of the hormone [1, 2].

In the postabsorptive state, GH mainly acts by stimulating lipolysis and lipid oxidation, a way to switch metabolism from glucose and protein to lipid utilization. The nocturnal peak of GH precedes by 2 h that of FFA and ketone bodies; this is in line with the time lag for the increase in FFA after GH infusion in volunteers [1, 6]. Lack of a nocturnal GH peak impairs the overnight increase in FFA. Moreover, female sex, old age or abdominal obesity blunted the lipolytic effect of GH in many but not all studies [1]. GH-induced lipolysis is partly due to the activation of hormone-sensitive lipase (HSL) in the liver, as confirmed by in vivo studies in which acipimox, an HSL blocker, suppresses the lipolytic action of GH. Direct inhibition by GH coupled with indirect inhibition through negative modulation of 11β-hydroxysteroid dehydrogenase type 1 has been shown in lipoprotein lipase (LPL) activity in adipose tissue [1]. Moreover, GH reduces lipogenesis and reesterification of FFA [2]. Inside out, IGF-I does not seem to have direct effects on lipolysis; however, some studies suggest that chronic treatment with IGF-I leads to lipid oxidation probably secondary to chronic insulin deficiency [2].

As previously reported, GH switch metabolism from glucose and protein to lipid utilization. GH-induced lipolysis and lipid oxidation in the postabsorptive phase are coupled with a decrease in glucose uptake, a delayed decrease in glucose oxidation in muscle and a compensatory increase in nonoxidative glucose metabolism in muscle and some nonmuscle tissues such as liver and kidney [1]. These effects are partly due to the activation of LPL activity in skeletal muscles, permitting greater use of FFA and protection of carbohydrate and protein stores, and partly due to the activation of HSL in the liver with stimulation of gluconeogenesis [1, 2]. Conversely, IGF-I stimulates glucose uptake by activation of glucose transporter type 4 and decreases gluconeogenesis and glycogenolysis, all insulin-like actions which improve insulin sensitivity [7]. Concerning protein metabolism, GH seems to play a minor biological role in the acute postabsorptive phase, whereas in chronic conditions of GH excess or deficiency, it becomes relevant. Accordingly, GH administration at high doses to healthy volunteers is followed by an increase in protein synthesis and decreased excretion of urea [1, 2]. These effects are coupled with lower insulin sensitivity at both hepatic and muscle levels, but we have to consider that high GH doses necessarily also modulate IGF-I, FFA and insulin levels, and then GH-independent effects are difficult to clarify. In particular, with regard to protein metabolism, IGF-I and GH have synergistic effects, in agreement with anabolic actions required for growth. What is of importance is that GH is the chief hormone involved in preserving protein during fasting as IGF-I and insulin are reduced in this condition. This is possible mainly through the GH-induced lipolysis [1].

At present, it is reported that GH administration is followed not only by lipolysis but also by insulin resistance and relatively sustained hyperglycemia [1, 2, 7]. The mechanisms by which these alterations in glucose metabolism and insulin action occur are not really clear [3]. This is mainly due to the discrepancy between in vitro and in vivo models, the latter ones being subjected to conditions of GHD or relative GH excess. Indeed, human evidence concerning the high or low risk of diabetes in diseases in which GH secretion is altered is still controversial. GH-induced lipolysis appears to be the most important determinant of GH anti-insulin actions, by inhibiting insulin-stimulated glucose uptake especially in muscle [3]. However, GH is able to generate insulin resistance before the elevation of FFA in circulation, suggesting this action is partly independent of them [1-3]. Even if the impairment of peripheral insulin sensitivity is mainly located in muscle, GH is also able to reduce hepatic insulin sensitivity in healthy humans with a lag time of about 2 h, and to counterbalance the antilipolytic actions of hyperinsulinemia [1]. However, low doses of GH in adults with GHD or type 1 diabetes have shown to increase insulin sensitivity and peripheral glucose uptake without inducing lipolysis, probably due to a predominance of the insulin-like action of IGF-I [8].

Table 1. Metabolic actions of GH
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Overall, in humans GH exerts a lipolytic action to preserve glucose and protein stores, which is coupled with a relative insulin resistance when GH is administered at higher doses. Conversely, IGF-I maintains an insulin-like activity with promotion of insulin sensitivity, stimulation of glucose uptake in muscle and decreased hepatic glucose production (table 1).

Untreated GHD and Diabetes

GHD seems to have a differing impact on glucose metabolism and on the risk of developing diabetes across the lifespan. Firstly, it has to be underlined that different measurements of insulin resistance and sensitivity - by fasting indexes, or with specific techniques like the insulin tolerance test (ITT), the hyperinsulinemic euglycemic clamp or the oral glucose tolerance test (OGTT) - often produce controversial results.

Infants and children with isolated GHD or multiple hypopituitarism frequently present fasting and/or provoked hypoglycemia as one of the symptoms that lead to the diagnosis [9]. Hypoglycemia is combined with relative hypoketonemia and is particularly frequent in very young infants and in those with leaner body mass. Hypoglycemic episodes are probably due to an impaired counterregulatory system as well as reduced hepatic glucose production rather than increased peripheral glucose uptake [9]. The role of insulin sensitivity in untreated children with GHD is debated, with more insulin-sensitive prepubertal subjects in one study performed with the standard ITT [10], and less insulin-sensitive children in another one conducted with the quantitative insulin sensitivity check index at fasting [11]. Another study, although conducted on a small sample, showed similar levels of fasting glucose, insulin and C-peptide in GHD and GH-sufficient children [12]. It has to be taken into account that lean and fat body mass were not controlled for in those studies, which could help explain the discrepancy. Nevertheless, the study by Husbands et al. [10] shows how insulin sensitivity is progressively reduced with advancing age and puberty, probably because of a detrimental effect of prolonged GHD on fat mass and visceral obesity coupled with a role of sex steroids. Switching from puberty to the transition phase, few data on untreated subjects with GHD are available. In particular, 1-year discontinuation of GH therapy is followed by increased fat mass and decreased lipid oxidation, coupled with an increase in insulin sensitivity, suggesting that in adolescence a short-term break in GH replacement affects body mass rather than insulin metabolism. On the other hand, adolescents or young adults who were GH treatment naive and who developed impaired GH secretion secondary to stem cell transplantation in childhood present an altered body composition and deteriorated insulin sensitivity on the frequently sampled intravenous glucose tolerance test (FSIVGTT), strengthening the concept that, with advancing age, impairment of body composition changes the risk of having insulin resistance or diabetes in GHD subjects.

More data derived from international and national registries are available on adults with childhood-onset or adult-onset GHD. However, data interpretation remains quite difficult because of the heterogeneity of methods for investigating insulin sensitivity. In the mid-1990s, first reports on the higher prevalence of diabetes or impaired glucose tolerance in adults with GHD were published, with a prevalence of about 40% in subjects older than 40 years, although a lower prevalence was reported in subsequent studies. Risk factors for altered glucose metabolism were old age, female sex and obesity. Recently, the HypoCCS (Hypopituitary Control and Complications Study) International Advisory Board reported an incidence of 24.5% in untreated US adults with GHD [13], while an analysis of the KIMS database (Pfizer International Metabolic Database) reported a 5-fold higher risk in untreated GHD adults with metabolic syndrome compared with patients without metabolic syndrome [14], although the risk remains similar to that reported for the general population. GHD adults present a higher prevalence of metabolic syndrome, although a selection bias could result from the observational nature of the studies. It should be considered that the choice of avoiding treatment for some patients with GHD may depend on their old age, metabolic comorbidities or high-end normal fasting glucose levels. Nevertheless, the results of a higher risk of incident glucose impairment are supported by evidence in congenital, isolated, untreated GHD due to a homozygous mutation in the GH-releasing hormone receptor gene. In fact, this specific population presents a higher frequency of impaired glucose tolerance than controls, though a similar prevalence of diabetes, associated with reduced beta cell function and no evidence of insulin resistance measured by indexes derived from OGTT.

Untreated GHD adults are insulin resistant in several testing conditions, such as on an ITT [13] or during hyperinsulinemic euglycemic clamping [14]. Just one study observed a similar insulin resistance in GHD patients and controls, although the insulin resistance was in the lowest tertile and a subtle delay in C-peptide secretion during the OGTT occurred [15]. Clamp studies suggest that insulin resistance in GHD adults is mainly due to inhibition of glucose storage and glycogen synthase activity in peripheral tissues, both related to the duration of GHD, fasting triglycerides, FFA and insulin levels. These effects are coupled with a beta cell function that is inappropriately low for the insulin resistance [15]. All studies are concordant in the observation that insulin resistance is strictly associated with older age and a higher percentage of fat mass [13-15]. However, some authors observed higher insulin sensitivity in a group of GHD adults who underwent the FSIVGTT, although glucose effectiveness was lower and the hepatic insulin extraction rate similar between GHD patients and controls [16]. Elderly people (older than 65 years) with GHD and/or multiple hypopituitarism present a predictably higher prevalence of diabetes mellitus and insulin resistance.

All in all, untreated prepubertal children with GHD are protected by insulin resistance and secondary diabetes with more frequent hypoglycemic events. As age advances and fat mass increases, untreated adult patients with GHD present impaired glucose metabolism - more frequently than diabetes - and, in the majority of studies, higher insulin resistance. It is likely that other pituitary deficits and their specific replacement therapies and/or prolonged detrimental lifestyle factors contribute to insulin resistance and glucose alterations in these patients.

Replacement of GH and Diabetes

More data are available on diabetes and insulin resistance during GH replacement in children and adults with GHD. Nevertheless, the data are often controversial due to small sample sizes, selected populations with a hodgepodge of childhood-onset and adult-onset patients, the duration of the observations, the weekly doses of GH, and the nature of the studies, which are more frequently cross-sectional or case-control and less frequently double-blind randomized controlled trials.

The first report of diabetes during GH therapy in children was from 1996. Data from the NCGS (National Cooperative Growth Study) showed that 21 out of over 19,000 children treated with GH developed diabetes during treatment. In 9 of them, diabetes resolved with discontinuation of treatment. In 16 of the 21 subjects, other significant risk factors were recognized, such as syndromes (Turner syndrome, cystic fibrosis, Alstrom’s syndrome, Noonan’s syndrome and Fanconi’s syndrome) or concomitant treatment with corticosteroids. Overall, the risk of developing diabetes for GH-treated children was estimated to be similar to that for the general population [17]. However, the population of the NCGS was very heterogeneous, including non-GHD children, subjects with Turner’s or Alstrom’s syndrome, and subjects with different causes of growth retardation, but the data were in line with others previously published. Subsequent studies reported contrasting results. One study from Italy observed glucose intolerance, but not diabetes, in 3 out of 13 children with GHD treated with a dose of 0.6-0.8 IU/kg/ week and the alteration in glucose metabolism resolved after 6-12 months of a normocaloric low simple carbohydrate diet without requiring GH discontinuation [18]. Other studies conducted with similar GH doses did not record any cases of glucose intolerance, but they were conducted on small populations [1, 2]. Larger following studies confirmed a relatively higher incidence of diabetes or glucose intolerance during recombinant human (rh) GH treatment with respect to the general population, with approximately 1 case every 3,000 person-years of treatment. However, glucose alterations were again present in children with preexisting risk factors such as syndromes (Turner syndrome, cystic fibrosis, Alstrom’s syndrome, Noonan’s syndrome and Fanconi’s syndrome), being born small for their gestational age, or having GHD secondary to a history of tumors. On the other hand, diabetes onset during GH treatment may be reversible, with or without discontinuation of GH [19, 20]. No cases of diabetes or glucose intolerance have been reported in GHD populations with childhood-onset GHD and treated during the transition phase with either standard or low doses [21].

In adult patients, a recent study derived from the KIMS registry explored the incidence of type 2 or secondary diabetes in adults over a prolonged observation period of a mean of almost 4 years [22].

OEBPS/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    


     
         
             
             
             
             
        
    

  

   
     
  






OEBPS/Images/cover.jpg
Frontiers in Diabetes
Editors: M. Porta, .M. Matschinsky
Vol.22

Diabetes Secondary to
Endocrine and
Pancreatic Disorders

Editors

E.Ghigo
M. Porta

KARGER





OEBPS/cover_page-template.xpgt
 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 




 



 
 







OEBPS/Images/FID2014022001_F02.jpg
GH L

insulin 4

Sodium and fluid
retention

1GF- and

IGFBP3 | IGFBP1 T





OEBPS/Images/FID2014022010_T01.jpg
Organ  GH Maln results When
Skeletal 1 protein synthesis Greater use of FFAand  In chronic condition of
muscle | excretion of urea protection of carbo- GH excess/administra-
Linsulin-stimulated glucose uptake  hydrate and protein stores;  tion or overnutrition;
T LPLactivity reduced insulin sensitivity ~ postabsorptive
Delayed decrease in glucose oxidation phase/famine/chronic
in nonoxidative glucose metabolism administration
Adipose 1 lipolysis Highercirculating FFA Postabsorptive.
tissue 1 lipid oxidation with lower peripheral phase/famine/chronic
1 glucose uptake Insulin sensitivity administration
1 reesterification of FFA
1 lipogenesis
Inhibition of 116-HSD1
Lver T HsLactivity Stimulation of Postabsorptive
1 secretion of VLDL gluconeogenesis; phase/famine/chronic
Tin nonoxidative glucose metabolism ~ reduced liver and administration
L expression of PPAR-y peripheral insulin
sensitivity
Other/  Activate MAPK, PI-3 kinase, Insulin resistance Postabsorptive
global and AKt/PKB pathway phase/famine/chronic

1 phosphorylation of IRS1 and 2
Tin nonoxidative glucose metabolism
1 production and uptake of lipoprotein
lipid oxidation

administration

IRS = Insulin receptor substrate; MAPK = MAP kinase; PKB = protein kinase B; VLDL = very-low-density Ii

poproteii

11B-HSD1 = 11§-hydroxyster

activated receptor-y.

dehydrogenase type 1; PPAR-y = peroxisome proliferator-






OEBPS/Images/logo.jpg
KARG E Basel - Freiburg - Paris - London - New York - Chennai - New Delhi
& Bangkok - Beijing - Shanghai - Tokyo - Kuala Lumpur - Singapore - Sydney





OEBPS/Images/FID2014022001_F01.jpg
Glucose t

1GF-1 and
IGFBP3 1

Glucose |

1GFBP1 4

GH J¢————— > Insulin 1

Glucose 11 Glucose |

1GF-1 and 1GFBP1 11
& IGFBP3 11





