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Abstract

Although diabetes is a heterogeneous condition, IGF-I has been shown to improve

glycaemic control and reduce insulin requirements in both IDDM and NIDDM.

There is now convincing evidence that this is associated with a reduction in GH
secretion resulting in an improvement in insulin sensitivity and glycaemic control.
The mechanism may simply be reduced GH-secretion, but pre- and post-receptor
effects on insulin sensitivity are also likely. IGF-I is likely to be have a direct effect
on glucose metabolism. In DM, the mechanism of action of IGF-I remains unclear.
The aim of study is to investigate the levels of C-peptide and IGF-1 levels in these

patients of type 1 and type 2 DM and compare them with control subjects.

Methods

We assessed the possible relationship between diabetes and p-cell function status
as C-peptide levels with the level of IGF-1 in total 112 subjects divided into three
groups, the DM type 1(n=30), DM type 2 (n=32) and the control group (n=50).
Participants were followed up a questionnaire that was done by well-trained
examiners. C-peptide and IGF-1 were assessed in both groups.

Results

There were high IGF-1 levels in both diabetic groups compared with the control
group, with statistically significant differences in C-peptide and blood sugar
levels at diagnosis between the two diabetic groups and in comparison to the
control group also.

Conclusion




IGF-1 may be proportionally associated with the level of insulin in diabetic
patients with a positive relation to C-peptide levels with long term preservation of

residual B-cell function.

Keywords: Diabetes mellitus type 1, Diabetes mellitus type 2, C-peptide, IGF-1,

residual beta cell function

1. DIABETES MELLITUS

1.1 OVERVIEW

The pancreas produces the peptide hormones insulin, glucagon, and somatostatin.
The peptide hormones are secreted from cells in the islets of Langerhans ((3-cells
produce insulin, a cells produce glucagon, and 5 cells produce somatostatin). These
hormones play an important role in regulating metabolic activities of the body,
particularly glucose homeostasis. A relative or absolute lack of insulin, as seen in
diabetes mellitus, can cause serious hyperglycemia. Left untreated, retinopathy,

nephropathy, neuropathy, and cardiovascular complications may result [1].

The incidence of diabetes is growing rapidly in the United States and worldwide. An
estimated 30.3 million people in the United States and 422 million people worldwide
are afflicted with diabetes. Diabetes is not a single disease. Rather, it is a
heterogeneous group of syndromes characterized by elevated blood glucose
attributed to a relative or absolute deficiency of insulin. The American Diabetes
Association (ADA) recognizes four clinical classifications of diabetes: type 1
diabetes, type 2 diabetes, gestational diabetes, and diabetes due to other causes such
as genetic defects or medications [2].

1.2. Type 1 diabetes




Type 1 diabetes most commonly afflicts children, adolescents, or young adults, but
some latent forms occur later in life. The disease is characterized by an absolute
deficiency of insulin due to destruction of p cells. Without functional f3 cells, the
pancreas fails to respond to glucose, and a person with type 1 diabetes shows classic
symptoms of insulin deficiency (polydipsia, polyphagia, polyuria, and weight loss)

13].
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This lasts for up to 15 minutes, followed by the postprandial secretion of insulin.
However, without functional cells, those with type 1 diabetes can neither maintain

basal secretion of insulin nor respond to variations in circulating glucose [2].

Type 1 Diabetes

Healthy Diabetic

Immune cells
destroy
beta cells

in the pancreas

__ Pancreas produces
insulin
N Pancreas cannot

produce insulin

Insulin moves More gluéose
— glucose to cells in the blood

Treatment: A person with type 1 diabetes must rely on exogenous insulin to
control hyperglycemia, avoid ketoacidosis, and maintain acceptable levels of
glycosylated hemoglobin (HbA1c). [Note: HbAlc is a marker of overall glucose
control and is used to monitor diabetes in clinical practice. The rate of formation of
HbA1c is proportional to the average blood glucose concentration over the previous
3 months. A higher average glucose results in a higher HbAlc. The goal of insulin
therapy in type 1 diabetes is to maintain blood glucose as close to normal as possible
and to avoid wide fluctuations in glucose. The use of home blood glucose monitors

facilitates frequent self-monitoring and treatment with insulin [4].




1.3. Type 2 diabetes:

Type 2 diabetes accounts for greater than 90% of cases. Type 2 diabetes is influenced
by genetic factors, aging, obesity, and peripheral insulin resistance, rather than
autoimmune processes. The metabolic alterations are generally milder than those
observed with type 1 diabetes (for example, patients with type 2 diabetes typically

are not ketotic), but the long-term clinical consequences are similar [5].

Causes: Type 2 diabetes is characterized by a lack of sensitivity of target organs to

insulin.

Type 2 diabetes
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Treatment: The goal in treating type 2 diabetes is to maintain blood glucose within

normal limits and to prevent the development of long-term complications. Weight
reduction, exercise, and dietary modification decrease insulin resistance and correct
hyperglycemia in some patients with type 2 diabetes. However, most patients require
pharmacologic intervention with oral glucose-lowering agents. As the disease
progresses, cell function declines, and insulin therapy is often needed to achieve

satisfactory glucose levels.

Oral agents are useful in the treatment of patients who have type 2 diabetes that is
not controlled with diet. Patients who developed diabetes after age 40 and have had
diabetes less than 5 years are most likely to respond well to oral glucose-lowering
agents. Patients with long-standing disease may require a combination of oral agents

with or without insulin to control hyperglycemia [6].
A. Sulfonylureas

These agents are classified as insulin secretogenous, because they promote insulin
release from the cells of the pancreas. The sulfonylureas most used in clinical

practice are the second-generation drugs [7].

B. Glinides

This class of agents are also considered insulin secretogenous [7].
C. Biguanides

Metformin the only biguanide, is classified as an insulin sensitizer. It increases
glucose uptake and use by target tissues, thereby decreasing insulin resistance.
Unlike sulfonylureas, metformin does not promote insulin secretion. Therefore, the
risk of hypoglycemia is far less than that with sulfonylureas. Metformin is also useful




in the treatment of polycystic ovary syndrome, as it reduces insulin resistance seen
in this disorder [7].

D. Thiazolidinediones

The thiazolidinediones (TZDs) are also insulin sensitizers. The two agents in this
class are pioglitazone and rosiglitazone Although insulin is required for their action,

the TZDs do not promote its release from the cells, so hyperinsulinemia is not a risk.
E. a-Glucosidase inhibitors

Acarbose and are oral agents used for the treatment of type 2 diabetes.

F. Dipeptidyl peptidase-4 inhibitors

are oral dipeptidyl peptidase-4 {DPP-4) inhibitors used for the treatment of type 2
diabetes.

G. Sodium-glucose cotransporter 2 inhibitors

are oral agents for the treatment of type 2 diabetes. Empagliflozin is also indicated
to reduce the risk of cardiovascular death in patients with type 2 diabetes and
cardiovascular disease [8].

1.4. Diagnosing Type 2 Diabetes.

1. Fasting Blood Glucose (FBG): Before taking the blood test, the person should
have taken no food for at least 8 hours. The easiest way to do this is to arrange an
appointment for the patient to have the blood test first thing in the morning. They
should fast overnight and must not have anything to eat until after the test. Fasting
plasma glucose is escribed as a fasting blood glucose level of > 126 mg/dl [9].
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2. Random Blood Glucose- Sugar level or blood glucose measured at any time of
day without regard to time since the last meal. It does not take into account what the
patient has been eating or drinking. It is therefore less sensitive than the other tests.
However, it is the easiest to perform. Where a random plasma glucose level more
than and equal to 100 mg/dl and less than 200 mg/dl is detected, a FPG should be
measured, or an OGTT performed, or an HbAlc measured. However, as explained
earlier, for the purpose of SCREENING, random blood sugar over 140 mg/dl is

taken as requiring further follow-up [9].

3. Two- hour venous plasma glucose after ingestion of 75¢g oral glucose load (Oral
Glucose Tolerance Test- OGTT). The Oral Glucose Tolerance Test (OGTT) is a
method which is used to diagnose Type 2 diabetes by measuring how well the body’s

cells are able to absorb a fixed amount of sugar or glucose.

4. HbAlc (Glycosylated, or Glycated haemoglobin): It is a form of haemoglobin in
the RBCs. The HbALlc level is proportional to average blood glucose over the
previous two to three months. It is an excellent indicator of how well the patient has
managed his/her diabetes over the last four weeks to three months. It is
recommended for monitoring blood sugar control in diabetic patients. However, the
test is more costly than blood glucose measurement. WHO recommends an HbAlc

goal of less than 6.5 % for people with diabetes [10].

2. Inslin like growth factor

The insulin-like growth factor (IGF) system is involved in the regulation of
mammalian cell growth and differentiation, proliferation, and survival [11]. The
system affects any of the other systems in our body. IGF-1 is a small protein
consisting of 70 amino acids, with a molecular weight of 7.65 kilo Dalton, and the




gene is located at chromosome 120923 [11]. It is mainly produced by liver cells, but

also by many other cells in our body [12].

The IGF system consists of:

1- 2 cell-surface receptors (IGF-1R and IGF-2R)
2- 2 ligands (IGF-1 and IGF-2)
3- 6 high-affinity IGF-binding proteins (IGFBP-1 tolGFBP-6) [13,14]

4- Several associated IGFBP degrading protease enzymes.

The entire system is strongly controlled by a feedback loop involving growth
hormones (GH) secreted by the pituitary, and GH production and secretion

controlled by growth hormone-releasing hormone (GHRH) in the hypothalamus

IGF-1 and IGFBP-3 are GH-dependent [15], while IGFBP-1 is insulin-regulated.
IGFBP-1 production from the liver is significantly elevated during insulinopenia,
and serum levels of bioactive IGF-1 are increased by insulin [16,17]. The production
of IGFBP-3, -4, and -5 is stimulated by GH. IGFBP-3 is formed by the liver
sinusoidal cells at the junction of the intravascular space. In circulation, IGF-1 is
mainly bound to IGFBP-3, and this binary complex then binds to a large protein

called the acid-labile subunit (ALS) to form a ternary complex [18, 19].

Insulin and IGF-1 are two related peptides with similar structure. They exercise their
effects by interacting with their corresponding receptors, namely the insulin receptor
and IGF-1R. The receptor-ligand interactions induce intracellular signaling cascades
resulting in metabolic or mitogenic effects [20, 21] and are involved in regulation of
metabolism. In contrast, IGF-1 overproduction in some pancreatic and non-

pancreatic cancers has been linked to severe hypoglycemia [21].

Insulin encourages the constitutive secretion of IGF-1 from the liver. In turn, IGF-1
overruns insulin secretion even in normoglycemic situations [22]. Furthermore, a
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previous study showed that IGF-1 causes insulin activity and peripheral glucose
utilizations to increase, hepatic glucose production to decrease, and lipid profiles in

diabetes patients to improve [23].

IGFBP-1 is regulated mainly by insulin. It interacts with IGF-1 and IGF-2, and is
used as a shuttle for IGFs to target tissues and regulate the action of free IGF-1.
IGFPB-1 is regarded as the primary regulator of IGF-1 bioactivity and has an
Important part in the progression of diabetes and diabetes-related complications [24].
Lewitt et al. reported that the IGF system has an imperative pathophysiological role
across a range of metabolic abnormalities, including obesity, insulin resistance (IR),
and diabetes [25].

The exact mechanisms by which type 1 diabetes (T1D) and poor glycemic control
relate to the GH-axis and its interaction with IGF-1 and IGFBP-3 remain to be
determined. Nambam and Schatz have shown that GH insensitivity in combination
with low concentrations of IGF-1 is frequently observed in T1D patients [26].
However, controversies have been described in diabetes complications such as
diabetic retinopathy (DR) [27]. According to Bazzaz et al., growth factors are
associated with the development of DR, diabetic nephropathy (DN), and diabetic
neuropathy (DNP). However, this article showed that growth factors, including
vascular endothelial growth factor (VEGF), IGF-1, and tumor necrosis growth
factor, may have a protective role in the progression and development of diabetes
complications [28].

The pathogenesis of DR is a complex process involving ischemia and

hyperglycemia; growth factors may result in neovascularization and loss of vision.
There is controversy about the serum IGF-1 level that correlates with the progression
of retinal neovascularization in clinical diabetes and increased or decreased

concentrations of IGF-1 in the vitreous or serum levels of patients with DR [29].
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Neam u et al. showed that decreased concentrations of IGF-1 were positively

correlated with diabetes and diabetes-related complications [30].

Evidence has suggested that patients with T1D may have aberrations of the
GH/IGF/IGFBP axis, including GH hypersecretion, decreased concentrations of
circulating IGF-1 and IGFBP-3, and elevated levels of IGFBP-1 [12]. These
abnormalities may exacerbate hyperglycemia in patients with T1D and play a role
in the pathogenesis of diabetes-related complications [31]. Also, IGF-1 deficit has
been reported to be significantly associated with the risk of developing impaired
glucose tolerance, IR, and type 2 diabetes mellitus (T2D) [22]. The study also
suggested that IGF-1 deficit may be a factor in the pathogenesis of schizophrenia
[32]. Knott in 1998 presented a clear association between high levels of IGF-1 and

the progression of DR [23].

2.2. The physiology of the IGF system

The IGF system is encompassed of IGFs, IGF-1 and IGF-2 receptors, IGFBPs and
IGFBP-specific proteases [9]. Roith et al. stated that IGF decreases the chance of
developing diabetes, cancer, and malnutrition [24, 25]. The IGF regulatory systems
in different organs are tissue-specific, including liver, kidney, heart, and other

tissues, but all share similar components [26-28].

IGF-1 and IGFBP-1 are regulated by pituitary GH and IGFBP-3. IGF-1 and IGFBP-
3 form complexes that bind to the acid-labile subunit (ALS) and prevent the
premature degradation of IGF-1 by circulating IGF-1 proteases. Its release into the
extravascular space extends the half-life of IGF-1 and initiates the transport into
specific target tissues [16]. Aguirre et al. reported that IGF-2 has similar

physiological properties to IGF-1, and its actions have remained poorly




characterized, but the appropriate roles in fetal growth and development and cerebral

protection have been documented well [29].

2.3. Physiology of insulin and IGFs

Insulin is secreted by B-cells in the pancreas. It has both endocrine and exocrine
function. Insulin consists of two peptide chains, “A” and “B”. The other “C”’-peptide
Is formed and cleaved off when pro-insulin transforms to active insulin. Insulin
increases glucose uptake in muscle and fat by stimulating the translocation of
glucose transporter 4 from the cytoplasm to the cell surface, but inhibits glucose
production in the liver. It also stimulates lipogenesis, glycogen, protein synthesis,
and cell growth and differentiation. The functional defect and deficiency of insulin
both cause diabetes to develop accompanied by elevated fasting and postprandial

glucose levels and elevated free fatty acid levels [10].

The GH-IGF axis requires the hypothalamic pituitary axis for production of GH, its
receptor for IGF production, IGFBP for transport of IGF, and IGF receptor for IGF
action [30]. Laron et al. suggested that IGF-1 acts as an endocrine hormone that is

secreted by hepatocytes and transported to other tissues [31]. They also found that it

Is secreted by other tissues as well including cartilaginous cells, acts locally as a
paracrine hormone, and may act in an autocrine manner in oncogene [31]. IGF and
insulin are proteins with high amino acid sequence similarity. They have structural
similarity, but control different aspects of growth, development, and metabolism.
IGF-1 and insulin fully activate IGF-1R and insulin receptor, but they can also
interact with each other and activate the other receptor with low affinity [17, 26, 32,
33].




2.4. Interactions of insulin receptor and IGFs

Both insulin and IGF-1 have their own receptors, namely insulin receptor and IGF-
1R, which originate from the same family of tyrosine kinase receptors [10]. Lewitt
et al. stated that IGFs interact with insulin receptor A and B isoforms, IGF-1R, and
hybrid receptors, including insulin receptor A-IGF-1R and insulin receptor B-1GF-
1R. This interaction is used to mediate signals in various tissues in order to
harmonize protein, carbohydrate, and fat metabolism. Interestingly, liver cells and
mature adipose tissue cells have ample insulin receptor B, and insulin has a 2-fold

higher affinity for insulin receptor B than IGF-1 [15].

The IGF-1 receptor has been found in various body systems, including brain, testes,
liver, and bones. This suggests an important paracrine and endocrine role of IGF.
Insulin binds to the IGF-1 receptor with lower potency compared to IGFs, and IGF
binds to the insulin receptor to activate the reduction in blood glucose levels in the
body [36]. IGF-2R binds to IGF-2, almost exclusively, and plays a minor role in the
growth-promoting effect of IGF [30, 31].

A previous study reported that nutrition and GH stimulate the synthesis of IGF-1 in
liver and other tissues. The study revealed that there are gender differences in the
hepatic sensitivity to GH, and that women require more GH to synthesize IGF-1 in
liver and other tissues [37]. IGFs that reach the pituitary hinder GH synthesis in a

feedback loop. GH has an imperative metabolic role independent of IGF-1 effects,

stimulation of lipolysis, and inhibitory effects on insulin signaling in fat and muscle
cells [38]. Thus, IGF feedback inhibition of GH by dropping the direct metabolic
effects may improve insulin sensitivity. Dynkevich et al. concluded that IGFs
directly control protein, carbohydrate, and fat metabolism, and IGF-1 also augments

insulin sensitivity independent of its consequence on GH [39].




2.5. Insulin-like growth factor-binding proteins (IGFBPs)

The IGFBP family is a critical component of the IGF system; it controls the
biological actions of the IGFs and may also be capable of IGF-independent actions
[33]. Back et al. have reported IGFBPs to be regulators of growth factor
bioavailability by forming IGFBP-IGF complexes [10]. According to Adamek et al.,
IGFBPs are also used to supply IGFs in specific tissue sections, restrict the activity
of IGFs by depressing the availability of their receptors, and shield them from
proteolytic degradation [26]. Moreover, soluble IGFBPs are specific proteins that
are capable of interacting with IGFs in extracellular and interstitial fluids of living
organisms [40]. In the plasma, 99% of IGFs interact with the family of compulsory
proteins, which controls the accessibility of free IGF-1 (fIGF-1) to the tissues. In
humans, nearly 80% of circulating IGF-1 is transported by IGFBP-3, a ternary
complex comprising one molecule of IGF-1, IGFBP-3, and ALS each [31, 32].

Unbound IGFs and IGFs in binary interactions have short lifespans, they are
estimated to last minutes to hours in the circulation. Total IGF estimation in single
blood specimens consequently undervalues this dynamic IGF turnover and fails to
show the appropriate tissue IGF production, which contributes to the activity of IGF
at the cellular level [33, 41].

Another study has reported that IGFBP-1 concentrations are repressed in response

to increased insulin levels in obesity, and that low IGFBP-1 concentrations forecast
the development of T2D. Visceral adiposity and hepatic steatosis, along with long-
lasting inflammation, contribute to the IGF system phenotype in persons with
metabolic abnormalities and T2D. The IGF system participates in vascular
pathophysiology and other complications and may therefore be a potential
therapeutic target [15]. Importantly, the incidental effects of IGF-1 that impact

metabolism include blockade of GH and insulin secretion.




The activities of IGF-1 are controlled by IGFBPs. In obesity and metabolic
syndrome (MetS), there is foremost dysregulation of IGFBP secretion resulting in
changes in the levels of free IGF-1. In T1D, IGF-1 synthesis is significantly reduced,
while in T2D various deviations arise in IGF-1 actions such as sensitization to its
mitogenic actions in some target tissues, including liver, pancreas, and peripheral
tissues [42].

3.1GFs, insulin resistance (IR), and diabetic complications

3.1.IGFsand IR

IR can be defined as a state in which target tissues show a reduction in
responsiveness to insulin. Evidence showed that in T1D a reduction in insulin levels
in the portal vein results in dysregulation of the GH/IGF/ IGFBP axis [43]. T1D has
been associated with hepatic GH resistance and increased production of IGFBP-1
and -2. Decreased levels of IGFBP-3 result in reduced levels of circulating IGF-1
[10, 43].

Pancreatic B-cells secrete insulin in response to an augmented blood glucose level to
compensate for the IR state; B-cells increase basal and postprandial secretions of
insulin. However, the cells can no longer compensate for IR and fail to respond
appropriately to the impairment in glucose disposal [44], which leads to distorted
glucose homeostasis and development of hyperglycemia. In turn, the state of

hyperglycemia impairs peripheral IR and insulin action [44, 45].

IR is a pathological condition also resulting in decreased efficiency of insulin
signaling for blood glucose regulation [44]. It is a key component of MetS. It also
increases the risk of various diseases including T2D, cerebrovascular damage,

coronary artery disease, and neurodegenerative disorders [46].




Genetic disorders of IR are characterized either by mutations affecting the insulin
receptor or defects in post-receptor sites. For example, T2D is associated with the
downregulation of peripheral insulin-binding sites and upregulation of tissue-
specific IGF binding [21]. Furthermore, evidence suggests that IR, along with the
associated hyperglycemia, occurs in classic insulin target organs, and that these
conditions are the pathological hallmark of metabolic disorders such as obesity and
T2D [46].

A study has investigated the effect of IGF-1 on insulin sensitivity and its relation to
T2D. The National Health and Nutrition Examination Survey |11 reported a higher
risk of IR, MetS, and T2D in patients with low serum IGF-1 level [21].

A mice model showed that deletion of hepatic IGF-1 production may result in 80%
reduction in IGF-1 concentration and subsequently increased insulin concentration
in the blood as well as disorders in blood glucose concentration and glucose
clearance [47, 48]. Moreover, supporting evidence by Friedrich et al. showed a
negative relationship between IGF-1 levels and IR measured by the homeostasis

model assessment of IR [49].

Evidence suggests that the IGF axis may play a role in glucose homeostasis.
Rajpathak et al. showed that exogenous administration of IGF-1 decreases serum

glucose concentrations and improves insulin sensitivity in individuals with and

without T2D [34]. Also, insulin and IGF-1 are capable of increasing glucose uptake

and glycogen synthesis and decreasing protein catabolism [42]. IGF-1 has little
effect on the adipocyte and mature liver due to a lack of IGF-1 receptors at these
sites, but recombinant human IGF-1 has been shown to overwhelm hepatic glucose
production via unknown mechanisms, and recombinant human IGF-1 therapy has

proved efficacious in patients with severe IR [50].




Deviations in GH and IGF-1 function alter insulin’s ability to maintain normal
carbohydrate homeostasis [42]. In a mice model, elimination of IGF-1 synthesis in
the liver and crossbreeding with mice that overexpress a mutant form of GH that
prevents GH activation of its receptor showed that GH is a major determinant of IR
in IGF-1-deficient mice [51].

Administration of IGF-1 to normal humans resulted in lower concentrations of
glucose; the effect was nearly 1/10th as potent as that induced by insulin. Supporting
evidence by Clemmons et al. showed that patients with extreme IR had improved

insulin sensitivity and carbohydrate homeostasis after IGF-1 administration [51].

In summary, hepatic IGF-1 production plays a role in the reduction of IGF-1
concentrations, which directly increases concentrations of insulin in the blood and

results in elevated blood glucose concentrations and IR [47-49].
3.2. The metabolic link between IGFs and diabetes complications

Insulin regulates cellular energy supply and macronutrient balance and direct
anabolic processes of the fed state. It is crucial for the intracellular transport of
glucose into insulin-dependent tissues, including skeletal muscle, adipose tissue, and
liver [52]. Similarly to insulin, IGF-1 also promotes protein synthesis in skeletal
muscles and other tissues. Insulin also appears to have another impact on the
metabolism in vascular smooth muscles as there are only receptors for IGF-1 in these
tissues [53].

In humans, a study showed that insulin upregulates hepatic GH receptor expression

and increases net cell surface receptor availability in the portal circulation. Although

GH and insulin have metabolically opposed hormones, insulin has been described to
play arole in facilitating the action of GH. In children with T1D, low concentrations

of GH-binding protein secondary to low levels of portal insulin have been reported,

22 |Page




which indirectly decrease levels of IGF-1 [16]. The decreased level of IGFBP-1 in
T1D may be caused by absolute insulin deficiency. A study in T2D patients
suggested that decreased IGFBP-1 concentrations were due to hyperinsulinemia [11,
14].

Insulin levels decrease during fasting to enable mobilization of fatty acids, glycerol
from adipose tissue, and amino acids from muscle, but they increase in the fed state
[52]. The extent of insulin sensitivity may be predisposed by the composition of the
diet, and chronic surplus energy consumption endorses hyperinsulinemia. IR triggers
complete stimulation of insulin secretion, triglyceride synthesis, and fat buildup,
while insulin receptors are downregulated [53]. Prospective data showed that low
levels of IGF-2 may induce the risk of weight gain in T2D patients. This strong
Inverse association seems to be independent of other risk factors for weight gain and
obesity [54].

The effects of fasting on vascular smooth muscle metabolism appear to be similar to
the effects of diabetes on vascular metabolism during the early stages of diabetes.
The relation of high-fat diets and IR seems to be due to saturated fat and trans-fatty
acids because these fatty acids play a role in the development of IR through effects

on the composition of membrane lipids [55].

GH acts on IGF-1 secretion, which has metabolic actions of its own and depends on

weight status. A study showed that IGF-1 is dependent on body mass index (BMlI),

with a maximal level at BMI of 30-35 kg/m2. This relation is reflected in severe GH
deficiency, indicating that GH-independent IGF-1 secretion represents an imperative

metabolic regulator [56].

Infusion of recombinant human IGF-1 in IR patients showed that IGF-1 plays a role

in the regulation of cell mass, insulin secretion, and regulation of insulin sensitivity.
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The energy-sensing character of a cohesive IGF-1/insulin system controls lipolysis,
proteolysis, and IR [56]. Moreover, administration of IGF-1 to patients with IR
showed an improvement in glycemic status. Clemmons et al. reported that IGF-1 is
associated with lowering blood glucose concentrations and increasing insulin
sensitivity in diabetes patients. However, diabetes patients are also sensitive to
stimulation of adverse effects in response to IGF-1. IGF-1 coordinately links GH

and insulin action and has direct effects on intermediary metabolism [42].

Other studies reported that IGF-1 impacts lipid and glucose metabolism [57], and
that its exogenous administration augments insulin sensitivity in healthy adults and
T2D patients. Sesti et al. showed that in about 500 patients IGF-1 concentrations
were autonomously associated with insulin sensitivity, accounting for 10.8% of its
variation [58]. IGF-1 plasma concentrations were associated with a 90.5% decrease
in the risk of MetS [58].

In summary, GH, IGF, and insulin have important roles in normal physiology of the
body. GH and insulin are metabolically opposed hormones. Insulin has been
described to have a permissive role in facilitating the action of GH, and relatively

low levels of IGF may increase the risk of weight gain in diabetes patients.

Administration of IGF-1 to patients with IR may improve their glycemic status and

positively impact lipid and glucose metabolism.




MATERIALS AND METHODS

STUDY DESIGN

Patients: The number of patients was 113, divided into three groups, control group
(n=50), NIDDM group (n=32) and IDDM group (n=30). The study was carried out
at General hospitals in Babel province, Irag. Sample size was taken by consecutive

manner.

Confirmation of DM: According to the level of Blood sugar, C-peptide and IGF-1

levels to all 3 groups.

Exclusion criteria: Eligible patients should not document with known chronic liver
diseases, kidney diseases, thyroid diseases, or using any medications that affect on

levels of GH or insulin (e.g. Somatropin, Quinidine, alcohol, etc)

Ethics statement: The study was carried out in compliance with the Declaration of
Helsinki principles and was approved by the University of Babylon/College of
Pharmacy's Institutional Review Committee. After gaining their verbal consent from
participants, the data was collected by a well-trained researcher using a standardized

questionnaire in addition to blood samples.
Demographic and clinical variables

Descriptive data for both studied groups were collected by trained researcher

following a structured questionnaire. Age, gender, residency, economic and social

states and body mass index (BMI).

C-peptid and Insulin like Growth factor-1 levels




C-peptid and Insulin like Growth factor-1(IGF-1)indices were measured by ELISA

technique (DiaMetra company, Italy). Each assay was run with known standards

(provided with the kit) that were used to determine the quantity of both markers in

each sample in ng/ml.
Statistical analysis

Descriptive measures and T-test analysis were used to examine associations and
differences in Demographic and clinical variables, C-peptides and IGF-1 markers.
The significance level for all analyses was set at a probability (P) of less than or
equal to 0.05. All analyses were performed by GraphPad Prism 5.3 for Windows
(GraphPad Software, San Diego, CA, USA).




Results

Table 1. sociodemographic data, the information of all studied groups (DM Type 1, DM Type 2 and
control).

Parameters Sub- Controlgroup DM Type 1 group DM Type 2 group

parameters N =50 N =30 N =32
18-25 yrs 13 18
25-35 yrs
36-45 yrs
46-55 yrs
> 55 yrs
Male
Female
Socioeconomic Low
state

Medium

High

Educational Elementary

Level
Y Secondary

Bachelor or >




Occupation Free job

Employee

Blood Glucose (mg/100ml)

—

Control Diabetes Mellitus Diabetes Mellitus
Type 1 Type 2

Figure 1: Variation in Blood sugar concentration (mg/100ml) among patients with Diabetes (Type 1 and Typ
2) and control group. The number of asterisks (***) and (**) correspond to the level of the statistical
significance (P < 0.001 and P < 0.01 respectively).




(o2}
1

C-peptid (ng/ml)

N
1

Control Diabetes Mellitus Diabetes Mellitus
Type 1 Type 2

Figure 2: Variation in C-peptide concentration (ng/ml) among patients with Diabetes (Type 1 and Type 2) and

control group. The number of asterisks (***) and (**) correspond to the level of the statistical significance (P <
0.001 and P < 0.01 respectively).

3001

=

[ ]

Control Diabetes Mellitus Diabetes Mellitus
Type 1 Type 2

Figure 3: Variation in IGF-1 concentration (ng/ml) among patients with Diabetes (Type 1 and Type 2) and control
group. The number of asterisks (***) correspond to the level of the statistical significance (P < 0.001).
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5.Conclusions and recommendations

The IGF system is a very important endogenous mechanism recruited daily for
beneficial action in cardiovascular and metabolic health disorders, IR, and diabetes
complications. The role of IGF-1 in the development of IR and diabetes
complications has already been described. A positive relationship between the
circulating levels of IGF-1 (IGF-1tolGFBP-3 ratio) and MetS, diabetes, and CVD
has been reported. It may thus be considered that high circulating levels of IGF-1
are associated with the development of MetS and raise the risk of CVD and diabetes

complications.

Cellular senescence reduces vascular endothelial proliferation. Adhesion plays an
essential role in the progression of macrovascular disease. High IGF-1 availability
may defend against the onset of CVVD and glucose intolerance in diabetes patients.

Moreover, IGF-1 increases nitric oxide production and potassium ion channel

opening in cardiovascular physiology, both of which improve the weakened small

vessel function linked with low IGF-1 concentrations in patients with cardiovascular

syndrome.

Therefore, the IGF system is involved in vascular pathophysiology during
progression to and protection from vascular complications; it has also been
implicated in metabolic abnormalities. Therefore, the IGF system may have a
therapeutic potential in reducing the risk of the development and progression of
vascular complications in diabetes patients. Further studies should focus on the role
of IGF in diabetes complications and emphasis the mechanism of the system to
tackle disease progression and reduce diabetes-related complications in large cohorts
of patients.




6- Abbreviations
ALS acid-labile subunit
BRB blood-retinal barrier
CVD cardiovascular disease
DN diabetic nephropathy
DNP diabetic neuropathy
DR diabetic retinopathy
ESRD end-stage renal disease
fIGF free insulin-like growth factor
GH growth hormone
GHR growth hormone receptor
IGF insulin-like growth factor
IGF-1R/2R insulin-like growth factor 1 receptor / 2 receptor
IGFBP insulin-like growth factor binding protein
IR insulin resistance
LDL low-density lipoprotein
MetS metabolic syndrome

T1D type 1 diabetes mellitus

T2D type 2 diabetes mellitus

VEGF vascular endothelial growth factor
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