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Abstract

Growth hormone (GH) secretory alterations and dysregulations with insulin-like growth factor-I (IGF-1) axis among type-1
diabetic children and adolescents is well established. In this poorly controlled abnormal metabolic state, GH hypersecretion is
observed with decreased levels of Insulin-like Growth Factors (IGFs), IGF binding proteins-3 (IGFBP-3), and growth hormone
binding protein (GHBP). These all factors results in decreased growth velocity and growth retardation in type-1 diabetic
children and adolescents. Insulin is the most important metabolic regulator of this system. Absolute insulin deficiency, as
observed in type-1 diabetics, is the primary cause of this dysregulation and alterations. Several published studies have shown
that elevated HbA1c and poor glycaemic control are the main factors of this abnormal metabolic state. Conversely, studies have
also demonstrated that good glycaemic control with basal bolus insulin regimens or insulin pump can improve diabetic state
with restoration of normal growth. Hence this perspective review focuses on these important aspects of growth abnormalities
in type-1 diabetic patients and concludes that health care policy makers should develop a close monitoring program and
system with multi-disciplinary team approach to prevent further diabetes related growth complications.
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Introduction

Pathophysiological and Hormonal Aspects of
Linear Growth in Type-1 Diabetics

Epidemiological studies have shown that nearly 60 % of
patients with type-1 diabetes are diagnosed before the age
of 15 years. In Western countries type-1 diabetes accounts
approximately 90% of cases of childhood and adolescent
diabetes [1]. There are multiple causes of growth failure
in Type-1 Diabetes Mellitus (DM). One of the examples of
severe form of growth failure is Mauriac syndrome; however,
now this is rare [2].

Mammosomatotroph cells expressing both PRL and
GH arise from the acidophilic stem cells which are located
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mainly in the lateral wings of the anterior pituitary gland;
here they comprise 35% to 45% of all pituitary cells.
The pituitary gland contains a total of 5 to 15 mg of GH.
The genes of GH are located on the long arm of human
chromosome 17q22-24. The GH is a single-chain polypeptide
hormone consisting of 191 amino acids and synthesized by
somatotroph cells. Neuropeptides, neurotransmitters, and
opiates effect on the hypothalamus and modulate release of
GHRH and somatostatin (somatotropin release-inhibiting
factor [SRIF]). Complex and integrated effects of these
neuropeptides determines the final secretory pattern of GH.
These physiology of the growth hormone and insulin-like
growth factor (GH-IGF) axis is demonstrated in Figure 1 and
explained in further details in the text below.

Figure-1: The growth hormone/insulin-like growth factor (GH-IGF) axis and hormones controlling GH release. IGFR, IGF1
receptor; FFA, free fatty acids; SRIF, somatotropin release-inhibiting factor (somatostatin). (From Rosenbloom A. Growth
hormone insensitivity: physiologic and genetic basis, phenotype and treatment. JPediatr. 1999;135:280-289.)

Insulin-like Growth Factors (IGFs) are a family of
hormones produced mainly by the liver in response to growth
hormone (GH). While IGF-2 enhances foetal development,
IGF-1 (previously named somatomedin C) is important for
postnatal growth, reaching its peak during puberty. IGFs are
transported in the blood via IGF binding proteins (IGFBP).
GH inhibit production of IGFBP-1 and -2 whereas stimulate
IGFBP-3, -4 and -5. IGFBP-3 regulates bioavailability and
half-life of the IGF-1 and its effects on tissues metabolism.
GH is an important stimulant of IGF-1 and IGFBP-3 secretion
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via the liver. Hence levels of IGF-1 and IGFBP-3 may be low or
decreased in hepatic failure. Similarly, Malnutrition, anorexia
(and associated nutritional diseases such as coeliac disease)
has a strong inhibitory effect on IGF-1, IGFBP-3 and ALS (acid
labile subunit; see below text). In summary, IGF-1,IGFBP-3 and
ALS are growth hormone responsive markers. Furthermore,
GH is not the only stimulant for IGF-1 concentrations; other
hormones such as insulin, thyroid hormone, androgens, and
oestrogens at low concentrations stimulate IGF-1 release
from hepatocytes [3-6]. Major physiologic actions of GH and
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IGF-1 are regulated by a very sensitive negative feedback
loop between hepatic IGF-1 production and pituitary growth
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hormone secretion; these are explained in Figure 2.

Figure 2: Major physiologic actions of growth hormone and insulin-like growth factor 1 (IGF1). (From Brooks AJ, Waters M].
The growth hormone receptor: mechanism of activation and clinical implications. Nat Rev Endocrinol. 2010;6:515-525.)

Insulin a Main Endocrine Regulator for GH/IGF
Axis Programming

Most emphasizing, Insulin plays an important role in
the regulation of GH/IGF axis by GH receptors expression,
availability, downregulation and responsiveness in the liver
and also modulates GH post-receptor cascades, leading
to IGFs and IGFBPs synthesis [7]. Of note, IGF-1 activity
is negatively regulated by IGFBP-1 concentrations. Hence
Insulin potentially increases IGF-1 bioactivity via negative
modulation of gene expression of IGFBP-1. IGFBP-3 was
first discovered in 1986, the main IGF transport protein in
the serum. A large and significant data demonstrates that
type-1 diabetic state (absolute insulin deficiency) results in
GH hypersecretion with low circulating levels of IGF-1 and
IGFBP-3, with lack of upregulation of GH receptors (called
Hepatic GH resistance) . Diminished GH receptors is reflected
by diminished circulating GHBP levels with additional post-
receptor defects in GH action [8-11].

Furthermore, newly diagnosed type-1 diabetics have low
concentrations of GH binding protein. Interestingly, treatment
with insulin (with advanced analogue insulin regimes/basal
bolus) or hyperinsulinemia restore GH binding protein levels
in circulation, weight gain and accelerated linear growth.
However, GH binding protein levels remain lower than the
age matched normal subjects. These pathophysiological
changes increase the risk of growth failure, as has been
demonstrated in Mauriac syndrome (hepatomegaly, delay in
growth and puberty, dyslipidaemia) [12-17].

GH/IGF Alterations and Dysregulation in Type-
1 Diabetic State

The most important role of GH and IGFs is to increase
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bone length by augmentation of chondrocyte proliferation,
maturation, hypertrophy and thus regulation of growth
plate and matrix synthesis. Furthermore, GH also directly
stimulates proliferation chondrocytes. Insulin deficiency
with alterations in the GH-IGF axis, results in bone fragility
in type-1 diabetic metabolic state. Furthermore, it has
also been demonstrated that IGF-1 levels have a positive
correlation with C-peptide (an endocrine metabolic marker
of f3-cell function). Insulin deficiency or type-1 diabetic state
is thus associated with decreased levels of IGF-1 [18,19]. In
this scenario, insulin is one of the most important endocrine
hormone which regulates this entire osteology system
[20,21].

It has been demonstrated by Amiel SA, et al. [22] that
elevated blood GH concentrations in poorly controlled type-
1 metabolic state are not helpful in IGF generation; and
this endocrine defect is partially corrected by glycaemic
control. They have demonstrated that “IGF I was low during
conventional insulin therapy and rose within the week of
intensified treatment (P < 0.001), despite a significant fall
in mean 24-h growth hormone levels (P < 0.02)". Moreover,
it has been also demonstrated that over time IGF-1 levels
fall among autoimmune type-1 diabetic patients who have
multiple antibodies in the serum [18,22].

Research conducted among pubertal subjects done by Rogers
et al. has demonstrated significant negative association
between IGF-1 and HbA1c levels (r = -0.45, P < 0.001), with
no such associations in pre-pubertal subjects, and concluded
that “glycemic control appears to strongly influence IGF-1
levels only after the onset of puberty”. Similarly, studies have
also demonstrated a blunted somatomedin (SM) production
and GH action in type-1 diabetics [23-25].
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Alterations in Metabolic Homeostasis in Type-1
Diabetes

GH, IGF axis and serum insulin are important
physiological metabolic and anabolic factors which
promote weight gain with linear growth. Disorders in
this interlinked anabolic system results in alterations in
metabolic homeostasis. Insulin deficiency (as observed in
type-1 DM) results in hepatic GH resistance (as observed by
decreased IGF-1 production by liver) which causes increased
production of IGF-binding proteins-1 (IGFBP-1) and IGFBP-2.
Moreover, IGFs (especially IGF-1, IGF-2) enhances glucose
metabolism. In addition to these important aspects, it
should also be noted that GH mediates its affects via actions
of peptides. As mentioned above, these peptides are IGF-1
and IGF-2 secreted by liver and bound to proteins (IGFBPs),
importantly IGFBP-3, levels of which are GH-dependent. The
GH/IGFs axis is such regulated that these binding proteins
prolong the half-life of IGFs and transporting them to the
target organs and making a ternary complex with the acid
labile subunit (ALS), collectively called “Insulin-like growth
factor binding protein, acid labile subunit” (IGFALS); this is
encoded by the IGFALS gene and is stimulated by growth
hormone [26,27]. This ternary complex (ALS) inactivates
both IGF-1 and IGFBP-3 and prolongs their half-life in the
circulation.

Studies have demonstrated that optimal insulin
concentrations are required to maintain normal serum
concentrations of IGFs and IGFBPs and to promote normal
growth. With absolute insulin deficiency in type-1 diabetics,
alterations in GH-dependent proteins are observed in
diabetics’ children and adolescents. Additionally, increased
proteolysis of IGFBP-3 has been also observed in such
patients with resultant decreased serum concentrations of
intact IGFBP-3; serum ALS levels are also demonstrated to
be diminished in insulinopenic untreated diabetic subjects.
Hence, lack of IGF-1 feedback on GH secretion results in GH
hypersecretion, which in turn decreases insulin sensitivity
and cause hyperglycemia. After the discovery of insulin
in 1920s, and thereafter in 1974, clinical researchers have
found that at the diagnosis of type-1 diabetes, most children
were taller than age matched non-diabetic children. This
rapid growth was found to be associated with islet 3-cell
autoimmunity. However, pre-pubertal growth velocity was
demonstrated to be lower in type-1 diabetics [28-31].

GH hypersecretion also play a significant role in the
development of vascular complications. However, these
pathologic alterations are reversed by proper insulinization.
In experimental studies, it has been demonstrated also
that addition of IGF-1 treatment to such type-1 diabetic
adolescents corrects GH hypersecretion, improves insulin
sensitivity, decreasesinsulinrequirements withimprovement
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in glycemic control [32]. Research has also demonstrated
that uncontrolled diabetes and long term higher HbAlc will
result in reduced axial length and strict glycemic control
is required in such patients [33]. In summary, Children
and adolescents with poorly controlled type-1 diabetes
significantly demonstrate lower growth velocity, especially
in girls. Furthermore, these type-1 diabetics also exhibit low
IGFBP-3 concentrations in the blood [34-36].

A recent study conducted in Germany and Austria
between 1980 and 2000 in a cohort of 22,651 type-1
diabetic children has demonstrated a loss of 0.42 SDS
(standard deviation score) during the entire period of the
study. Hence health care policy makers should focus on this
important aspect and cause of growth retardation in type-1
diabetic children and early intervention to optimize glycemic
control, and to prevent further complication. These growth
alterations can be restored by the newer insulin analogue
basal bolus regimens with at least four injections per day.
The physiologic insulin regimen is provided by longer acting
basal insulins and rapid acting insulin analogues (RAIs)
before each meal, with a multidisciplinary team approach,
including diabetologist, endocrinologist, diabetic educator
and dietitian. Insulin pump can also be used in resistant or
erratic diabetic metabolic states [37].

Regarding type-1 diabetes among children and
adolescents and its seriousness, investigators have linked
decelerated growth velocity and short stature with
microvascular complications as well, specifically diabetic
nephropathy and retinopathy [38,39]. Moreover, type-1
diabetes is associated with skeletal complications including
decreased trabecular bone density. These bone complications
are usually associated with other diabetic microvascular
complications simultaneously [40].

Conclusion and Recommendations

It is recommended that in paediatric or adolescent
diabetic patients, blood glucose should be controlled to
achieve optimal goal for HbAlc. Insulin intensification is
recommended to promote optimal growth. Recombinant
human analog growth hormone is available since 1985 for
the treatment of short stature [41,42]. If specific diagnosis is
not confirmed and child/adolescent is not achieving optima
height, then GH-IGF axis should be clinically assessed with
serum measurements of IGF-1 and IGFBP-3 concentrations.
Furthermore, GH stimulation tests are recommended in
diabetic patients with clinical evidence and family history
of GH deficiency; and appropriate treatment should be
initiated when specific aetiology is discovered [43]. However,
if specific cause not found and patient is diabetic (especially
type-1 autoimmune diabetes) efforts should be made to
optimize HbAlc goal to near targets and achieving fasting
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and random blood glucose levels via intensive insulin therapy
or basal bolus strategy to prevent growth and height delay
or retardation and to prevent further diabetes associated
complications [44]. Moreover, health care policy makers
should develop a close monitoring program and system with
multi-disciplinary team approach to avoid growth related
disorders in type-1 diabetic children and adolescents.
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