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Diabetes Mellitus

DIABETES MELLITUS

Definition and description of diabetes mellitus:

Diabetes mellitus is a group of metabolic diseases
characterized by hyperglycemia resulting from defects in
insulin secretion, insulin action, or both. The chronic
hyperglycemia of diabetes is associated with long-term
damage, dysfunction, and failure of various organs, especially
the eyes, kidneys, nerves, heart and blood vessels (The
American Diabetes Association, 2004a).

Several pathogenic processes are involved in the
development of diabetes. These range from autoimmune
destruction of the B-cells of the pancreas with consequent
insulin deficiency to abnormalities that result in resistance to
insulin action. The basis of the abnormalities in carbohydrate,
fat, and protein metabolism in diabetes is deficient action of
insulin on target tissues. Deficient insulin action results from
inadequate insulin secretion and/or diminished tissue responses
to insulin at one or more points in the complex pathways of
hormone action. Impairment of insulin secretion and defects in
insulin action frequently coexist in the same patient, and it is
often unclear which abnormality, if either alone, is the primary
cause of the hyperglycemia (The American Diabetes
Association, 2005).

Classification of Diabetes Mellitus:

An international Expert Committee, working under the
sponsorship of the American Diabetes Association, was
established in May 1995 to review the scientific literature since
1979 and to decide if changes to the classification and
diagnosis of diabetes were warranted. In June 1997, it released
a report with new recommendations for the classification and
diagnosis of diabetes mellitus. These new recommendations
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were the result of more than two years of collaboration among
experts from the American Diabetes Association (ADA) and
the World Health Organization (WHO).

The aim of this document is to define and describe
diabetes as we know it today, present a classification scheme
that reflects its etiology and/or pathogenesis, provide
guidelines for the diagnosis of the disease, develop
recommendations for testing that can help reduce the morbidity
and mortality associated with diabetes, and review the
diagnosis of gestational diabetes (Report of the Expert
Committee on the Diagnosis and Classification of Diabetes
Mellitus, 1997).

The vast majority of cases of diabetes fall into two broad
etiopathogenetic categories. In one category (type 1 diabetes),
the cause is an absolute deficiency of insulin secretion.
Individuals at increased risk of developing this type of diabetes
can often be identified by serological evidence of an
autoimmune pathologic process occurring in the pancreatic
islets and by genetic markers. In the other, much more
prevalent category (type 2 diabetes), the cause is a combination
of resistance to insulin action and an inadequate compensatory
insulin secretory response. In the latter category, a degree of
hyperglycemia sufficient to cause pathologic and functional
changes in various target tissues, but without clinical
symptoms, may be present for a long period of time before
diabetes is detected. During this asymptomatic period, it is
possible to demonstrate an abnormality in carbohydrate
metabolism by measurement of plasma glucose in the fasting
state or after a challenge with an oral glucose load (The
American Diabetes Association, 2005).

1. Type 1 diabetes:

This type comprises -cell destruction, usually leading to
absolute insulin deficiency. It can be further classified to:
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e Immune-mediated diabetes:

This form of diabetes, previously encompassed by the
terms insulin-dependent diabetes, type 1 diabetes, or juvenile-
onset diabetes, results from a cellular-mediated autoimmune
destruction of the [-cells of the pancreas (Atkinson and
Maclaren, 1994). The common antibodies tested for in
diabetes are those to glutamic acid decarboxylase-65 (GAD-
65), tyrosine phosphatase (IA-2z), and the islet cell (ICA).
Antibodies to 1A-2« are present in 68.2-79%, GAD-65 in 25—
76%, and ICA in 80.5-89.9% of paediatric white type 1
patients at diagnosis (Porter and Barrett, 2004). Also, the
disease has strong HLA associations, with linkage to the DQA
and B genes, and it is influenced by the DRB genes. These
HLA-DR/DQ alleles can be either predisposing or protective
(Huang et al., 1996).

It is believed that autoimmune type 1 diabetes results
from an infectious or toxic environmental insult to genetically
predisposed persons, whose aggressive immune system
destroys the pancreatic B cells while overcoming the invasive
agent (Masharani and German, 2007).

e Idiopathic diabetes:

Some forms of type 1 diabetes have no known etiologies.
Some of these patients have permanent insulinopenia and are
prone to ketoacidosis, but have no evidence of autoimmunity
(McLarty et al., 1990). Although only a minority of patients
with type 1 diabetes fall into this category, of those who do,
most are of African or Asian origin. Individuals with this form
of diabetes suffer from episodic ketoacidosis and exhibit
varying degrees of insulin deficiency between episodes. This
form of diabetes is strongly inherited, lacks immunological
evidence for R-cell autoimmunity, and is not HLA associated.
An absolute requirement for insulin replacement therapy in
affected patients may come and go (Ahrén and Corrigon,
1984).
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2. Type 2 Diabetes:

Type 2 diabetes is characterised by insulin resistance
and defective insulin secretion. It is a disorder of both 3 cell
function and insulin sensitivity; 3 cell function worsens with
duration of diabetes leading to insulin dependence. Insulin
resistance is related to body weight in both children and adults,
and obesity (particularly deposition of visceral fat) has been
linked to type 2 diabetes worldwide. Ethnic groups especially
susceptible to type 2 diabetes have been shown to have greater
innate insulin resistance (Porter and Barrett, 2004).

This form of diabetes which accounts for 90-95% of
those with diabetes, previously referred to as non-insulin-
dependent diabetes, type 2 diabetes, or adult-onset diabetes, is
a term used for individuals who have insulin resistance and
usually have relative (rather than absolute) insulin deficiency
(DeFronzo et al., 1997).

Most patients with this form of diabetes are obese, and
obesity itself causes some degree of insulin resistance. Patients
who are not obese by traditional weight criteria may have an
increased percentage of body fat distributed predominantly in
the abdominal region. This form of diabetes frequently goes
undiagnosed for many years because the hyperglycemia
develops gradually and at earlier stages is often not severe
enough for the patient to notice any of the classic symptoms of
diabetes (The American Diabetes  Association, 2005).
Nevertheless, such patients are at increased risk of developing
macrovascular and microvascular complications (Andersson
and Svaardsudd, 1995). Whereas patients with this form of
diabetes may have insulin levels that appear normal or
elevated, the higher blood glucose levels in these diabetic
patients would be expected to result in even higher insulin
values had their 3-cell function been normal (Polonsky et
al.,1996).
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It is often associated with a strong genetic predisposition, more
so than is the autoimmune form of type 1 diabetes (Valle et al.,
1997). However, the genetics of this form of diabetes are
complex and not clearly defined.

3. Other specific types of diabetes:

e Genetic defects of the p—cell function:

Several forms of diabetes are associated with
monogenetic defects in R-cell function. These forms of
diabetes are frequently characterized by onset of
hyperglycemia at an early age (generally before age 25 years).
They are referred to as maturity-onset diabetes of the young
(MODY) and are characterized by impaired insulin secretion
with minimal or no defects in insulin action (Herman et al.,
1994). They are inherited in an autosomal dominant pattern.
Abnormalities at several genetic loci on different
chromosomes have been identified to date. The most common
form is associated with mutations on chromosome 12 in a
hepatic transcription factor referred to as hepatocyte nuclear
factor (HNF)-1a (Vaxillaire et al., 1995). A second form is
associated with mutations in the glucokinase gene on
chromosome 7p and results in a defective glucokinase
molecule (Froguel et al., 1992). Glucokinase converts glucose
to glucose-6-phosphate, the metabolism of which, in turn,
stimulates insulin secretion by the R-cell. Thus, glucokinase
serves as the "glucose sensor* for the 3-cell. Because of defects
in the glucokinase gene, increased plasma levels of glucose are
necessary to elicit normal levels of insulin secretion. A third
form is associated with a mutation in the HNF-4« gene on
chromosome 20q (Yamagata et al., 1996).Another forms
result from mutation in pancreatic nuclear transcription factor
known as the insulin promoter factor-1(IPF-1) on chromosome
13, mutation of the hepatocyte nuclear factor -1p, or mutations
in the gene encoding the islet transcription factor neuroD1 on
chromosome 2q (Masharani and German, 2007).



