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Summary

Diabetes mellitus is a metabolic disorder of multiple etiologies characterized by
chronic hyperglycemia resulting from defects in insulin secretion, insulin action or
both. In 2006, according to the World Health Organization, at least 171 million people
world wide suffer from diabetes mellitus and is estimated that by the year 2030, this
number will double. The major symptom of diabetes mellitus includes excessive
thirst, frequent urination, increased appetite, weakness, fatigue and weight loss.
Insulin is the principal hormone that regulates uptake of glucose into most cells from
the blood and deficiency of insulin or insensitivity of its receptor cells plays a central
role in all forms of diabetes mellitus. There are two major types of diabetes mellitus
namely type 1 diabetes and type 2 diabetes. The complication of diabetes mellitus
includes long-term damage, dysfunction and failure of various organs of the body.
Some risk factors of diabetes mellitus include genetic predispositions, obesity and
age. The primary goal in the management of diabetes is to control blood sugar levels.
In the type 1 Diabetics, this requires regular insulin injections whereas in type 2
diabetes dietary modification is required. Breastfeeding has been documented to
decrease the risk of type 1 diabetes while type 2 diabetes risks can be reduced by
making changes in diet and increasing physical activity. To stem the economic, social
and health implications of diabetes mellitus, the government of member nations of the
United Nations should encourage more research on diabetes mellitus especially
researches exploiting different treatment options like herbal medicine. It is also
necessary to subsidies the cost of oral hypoglycaemic drugs and insulin injections
used by diabetics especially in developing countries so that diabetics can easily afford
them.
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Introduction

The term diabetes mellitus describes a metabolic disorder of multiple etiologies
characterized by chronic hyperglycaemia (high blood sugar) with disturbances of
carbohydrate, fat and protein metabolism resulting from defects in insulin secretion,
insulin action or both (1). The effect of diabetes mellitus includes long-term damage,
dysfunction and failure of various organs of the body. Diabetes mellitus may present
characteristic symptoms such as thirst, polynuria, blurring of vision and weight loss
(1). In its most severe forms, ketoacidosis or non-ketotic hyperosmolar state may
develop and lead to stupor, coma and in absence of effective treatment death (1).
Diabetes mellitus is characterized by recurrent or persistent hyperglycaemia and other
signs, as distinct from a single illness or condition.

Epidemiology and Statistics of Diabetes Mellitus

In 2006, according to the World Health Organization, at least 171 million people
world wide suffer from diabetes mellitus (2). Its incidence is increasing rapidly and it
is estimated that by the year 2030, this number will double (2). Diabetes is a common
and very prevalent disease affecting the citizens of both developed and developing
countries (3). The greatest increase in prevalence is however expected to occur in
Asia and Africa, where more patients will likely to be found by 2030. In 2005, there
are about 20.8 million people with diabetes in the United States alone. (2) reported
that there are about 6.2 million people undiagnosed and about 41 million people that
would be considered prediabetic. The national diabetes information clearing house
estimates that diabetes costs $132 billion in the United States alone every year. (2)
pointed out that 1 in 3 Americans born after year 2000 will develop diabetes in their
lifetime. Statistical projections from India suggested that the number of diabetes will
rise from 15 million in 1995 to 57million in the year 2025 making India the country
with the highest number of diabetics in the world (4; 5). Although there is a paucity of
data on the prevalence of diabetes in Nigeria and other African countries, available
data suggested that diabetes was emerging as a major health problem in Africa (6).
The prevalence of diabetes in Nigeria was estimated to be between (1.4 to 2.7) % of
the population (7, 8, 9) and over 90% of these are non—insulin dependent diabetes
mellitus (10). Diabetes mellitus has been reported to be the major cause of blindness,
kidney failure, lower-extremity amputation, cardiovascular diseases and premature
mortality (11).

Diagnosis of Diabetes Mellitus

The major symptoms of diabetes mellitus include excessive thirst, frequent urination,
increased appetite, weakness, fatigue and weight loss (in Type 1) (12). Other
symptoms may include muscle cramps, impaired vision, poor wound healing and in
women itching due to vaginal yeast infection (12). (1) reported that diabetes mellitus
can be diagnosed by demonstrating any one of the following:

1. fasting plasma glucose level at or above 126mg/dl (7.0mmol/l).

ii. plasma glucose at or above 200mg/dl or 11.Immol/l two hours after a 75g

oral glucose load as in a glucose tolerance test.
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iii.  random plasma glucose at or above 200mg/dl or 11.Immmol/I.

When the glucose concentration in the blood is high (above the renal threshold) re-
absorption of glucose in the proximal renal tubules is incomplete and part of the
glucose remains in the urine (glycosuria). This increases the osmotic pressure of the
urine and thus increases the reabsorption of water by the kidney resulting in an
increased urine production (polyuria) and an increased fluid loss. Lost blood volume
will be replaced osmotically from water held in body cells, causing dehydration and
increased thirst. Prolonged high blood glucose causes glucose absorption and so leads
to changes in the shape of the lenses of the eyes, leading to vision changes (1).
Blurred vision is a common complaint leading to diabetes mellitus diagnosis. Type 1
diabetes should always be suspected in cases of rapid vision changes whereas Type 2
is generally more gradual, but still can be suspected (1). One can frequently make a
diagnosis of Type 1 diabetes mellitus simply by smelling acetone on the breath of a
patient (13). Also ketoacid can be detected by chemical means in the urine and their
quantitation aids in determining the severity of the diabetes (13).

Insulin and Diabetes Mellitus

Insulin is the principal hormone that regulates the uptake of glucose into most cells
from the blood (especially muscle and fat cells but not central nervous system cells)
(14). Deficiency of insulin or insensitivity of its receptor cells plays a central role in
all forms of diabetes mellitus (14). Insulin is a hormone secreted by the beta cells of
the pancreas and is a small soluble protein which contains 51 amino acids residues
arranged in two chains (A and B) (15). The A chain contains 21 and the B chain 30
acid residues. The chains are cross linked by two sulphur bridges between cytosine
residues. The insulin molecule has been synthesized from its constituent amino acids.
The molecular weight of insulin is 6000. Insulin is formed by proteolytic cleavage of
its 84 amino acid precursor, pro-insulin, which has very little biological activity.
There are small differences in amino acid composition among the insulin obtained
from different species of animal (15). This does not affect their characteristic
biological activity but it does account for the fact that insulin from one animal species
may promote antibody formation when injected into another species (15). Insulin
from cattle or sheep is for this reason liable to produce allergic reactions in some
diabetic patients, where as pig insulin which has more close resemblance to human
insulin in structure, is much better tolerated (15)

Insulin and Blood Glucose Regulation

Immediately after a high carbohydrate meal, the glucose that is absorbed into the
blood causes rapid secretion of insulin (13). The insulin in turn causes rapid uptake,
storage and use of glucose by almost all tissues of the body but especially by the
muscle, adipose tissue and liver. Insulin promotes muscle glucose uptake and
metabolism, storage of glycogen in muscle and facilitates glucose transport through
the muscle cell membrane (13). Insulin production is more or less constant within the
beta cells, irrespective of blood glucose levels. It is stored within vacuoles pending
release, via exocytosis, which is triggered by increased blood glucose levels. If the
amount of insulin available is insufficient and cells respond poorly to the effects of
insulin (insulin insensitivity) or the insulin itself is defective, glucose will not be
handled properly by body cells as much as stored appropriately in the liver and
muscles (14). The net effect is persistent high levels of blood glucose, poor protein
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and other metabolic derangement, such as acidosis (14). The maintenance of blood
glucose homeostasis is a particularly important function of the pancreas (16).
Circulating glucose concentrations are determined by the balance that exists among
the following processes (Figure 1): glucose absorption from the digestive tracts,
transport of glucose into cells, cellular (primary hepatic) glucose production and
abnormal urinary excretion of glucose (16)

Factors That Increase Blood
Glucose

Glucose absorption
from digestive tract

Hepatic Glucose
Production:

Through glycogenolysis of
stored glycogen to glucose.

Through glyconeogenesis
(conversion of Amino acids
to glucose).

Factors That Decrease Blood
Glucose

BLOOD
GLUCOSE

Transport of glucose into cells:
-For utilization for energy production

-For storage as:

-glycogen through glycogenesis
(conversion of glucose to
Glycogen) and

-as triglycerides

Urinary Excretion of Glucose

(Occurs only abnormally when blood
glucose level becomes so high it
exceeds the reabsorptive capacity of
Kidney tubules during urine
formation)

Figure 1: Factors affecting blood glucose concentration. Source: (16).
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(13) explained the mechanism for achieving high degree of blood glucose control as
follows:

1. The liver functions as an important blood glucose buffer system.
When the blood glucose level rises to a high concentration after a
meal and the rate of insulin secretion also increases as much as two
thirds of the glucose absorbed from the gut and is almost
immediately stored in the liver in the form of glycogen. Then
during the succeeding hours, when both the blood glucose
concentration and the rate of insulin secretion fall, the liver releases
the glucose back into the blood.

2. Both insulin and glucagons function as important feed back
control systems for maintaining a normal glucose concentration.
When the glucose concentration rises too high, insulin is secreted,
the insulin in turn causes the blood glucose concentration to
decrease toward normal. Conversely, a decrease in blood glucose
levels stimulates glycogen secretion, the glycogen then functions in
the opposite direction to increase the glucose toward normal.

3. In severe hypoglycemia, a direct effect of low blood glucose on the
hypothalamus stimulates the sympathetic nervous system. In turn,
the epinephrine from the adrenal glands causes further release of
glucose from the liver. Thus helps protect against severe
hypoglycemia.

4. Over a period of hours and days, both growth hormone and cortisol
are secreted in response to prolonged hypoglycemia and they both
decrease the rate of glucose utilization by most cells of the body,
converting instead to greater amount of fat utilization.

It is important to maintain a relatively constant blood glucose concentration because
glucose is the only nutrient that is normally used by the brain, retina and germinal
epithelium of the gonads in sufficient quantities to supply them optimally with their
required energy (13).

Action of Insulin on Fat metabolism

(16) explained that insulin exerts multiple effects in the lowering of blood fatty acids
levels and promote triglyceride storage thus:

1. It increases the transport of glucose into adipose tissue cells by means of GLUT- 4
recruitment. Glucose serves as a precursor for the formation of fatty acids and
glycerol, which are the raw materials for triglyceride synthesis.

2. It activates enzymes that catalyze the production of fatty acids from glucose
derivatives.

3. It promotes the entry of fatty acids from the blood into adipose tissue cells.

4. Tt inhibits lipolysis (fat breakdown), thus reducing the release of fatty acids from
adipose tissue into the blood.

Collectively, these actions favor removal of glucose and fatty acids from the blood
and promote their storage as triglycerides.
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Action of Insulin on Protein Metabolism
(16) explained that insulin lower blood amino acid levels and enhances protein
synthesis through several effects:

1. It promotes the active transport of amino acids from the blood into
muscles and other tissues. This effect decreases the circulating amino
acid level and provides the building blocks for protein synthesis within
the cells.

2. It increases the rate of amino acid incorporation into protein by
stimulating the cells protein synthesizing machinery.

3. It inhibits proteins degradation.
To cap it up, insulin stimulates biosynthetic pathways that lead to
increased glucose utilization, increased carbohydrate and fat storage and
increased protein synthesis (16). In so doing, insulin lowers the blood
glucose, fatty acid and amino acid levels.

Types of Diabetes Mellitus
(17) reported that there are two major types of diabetes mellitus:

1. Type 1 Diabetes, also called insulin dependent diabetes mellitus
(IDDM), is caused by lack of insulin secretion by beta cells of the
pancreas.

2. Type 2 Diabetes, also called Non-insulin Dependent Diabetes Mellitus
(NIDDM), is caused by decreased sensitivity of target tissues to
insulin. This reduced sensitivity to insulin is often called insulin
resistance.

Type 1 Diabetes Mellitus (IDDM)

Type 1 diabetes mellitus — formerly known as insulin dependent diabetes (IDDM),
childhood diabetes or juvenile diabetes, is characterized by loss of the insulin
producing beta cells of the islets of langerhans of the pancreas leading to a deficiency
of insulin (14). There is no known preventive measure that can be taken against Type
1 diabetes. Most people affected by Type 1 diabetes are otherwise healthy and of a
healthy weight when onset occurs. The main cause of beta cell loss leading to Type 1
diabetes is a T-cell mediated autoimmune attack (14). The principal treatment of Type
1 diabetes is replacement of insulin. The average glucose level for the Type 1 patient
should be as close to normal (80 — 112mg/dL or 4 — 6mmol/L) as possible. Values
above 200mg/dL (10mmol/L) are often accompanied by discomfort and frequent
urination leading to dehydration (18). The usual onset of Type 1 diabetes occurs at
about 14years of age in the United States and for this reason it is often called juvenile
diabetes mellitus. (13) reported that Type 1 diabetes may develop very abruptly, with
three principal sequelae:

1. increased blood glucose (hyperglycaemia)

2. increased utilization of fat for energy and for formation of cholesterol by the liver.
3. depletion of the body’s protein

There is a world wide increase in the incidence of Type 1 diabetes and it is estimated
to be 40% higher in 2010 than in 1998 (19).
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Type 2 Diabetes Mellitus (NIDDM)
Type 2 diabetes mellitus — previously known as adult — onset diabetes, maturity onset
diabetes mellitus is due to a combination of defective insulin secretion and insulin
resistance or reduced insulin sensitivity (defective responsiveness of tissues to
insulin), which almost certainly involves the insulin receptors in cell membranes (18).
The cause and mechanism of insulin resistance are:
i. Central obesity (fat concentrated around the waist in relation to abdominal
organs and not subcutaneous fat) is known to predispose individuals for insulin
resistance possibly due to its secretion of adipokines that impair glucose tolerance.
Obesity is found in approximately 55% of patients diagnosed with Type 2 diabetes
(18).
i1 Aging (about 20% of elderly patients are diabetic in North America).
iii  Family history (Type 2 is much more common in those with close relatives
who have had it). Type 2 diabetes is usually first treated by attempts to change
physical activity, the diet (generally to decrease carbohydrate intake) and weight
loss (14). These can restore insulin sensitivity, even when the weight loss is
modest. The wusual next step is treatment with oral antidiabetic drugs
(sulfonylurea, metformin, and thiazolidinediones). Present modality of treatment
only prevents some of its devastating complication and does not eliminate all the
adverse consequences (19). Lack of exercise and obesity are considered major
contributors to Type 2 diabetes, roughly 90% of individuals with Type 2 diabetes
are obese (12). Obesity, insulin resistance and metabolic syndrome usually
precede development of Type 2 diabetes. Insulin resistance results in increased
fasting and postprandial beta cell synthesis which leads to beta cell burn out and
eventually, diabetes (12). The condition of insulin resistance may exist for many
years before pancreatic beta cell function actually becomes impaired. In addition
to diabetes, insulin resistance and the resultant hyperinsulinemia are associated
with an increased risk for coronary artery disease and high blood pressure (12).
Insulin resistance is part of a cascade of disorders that is often called the metabolic
syndrome. (13) reported some of the features of the metabolic syndrome which
includes:
1. Obesity, especially accumulation of abdominal fat.
2. insulin resistance
3. fasting hyperglycaemia
4. lipid abnormalities, such as increased blood triglycerides and
decreased blood high density lipoprotein cholesterol
5. Hypertension.

Complications of Diabetes Mellitus

Diabetes is the seventh leading cause of death in the United States (12).Unfortunately,
it can go undiagnosed until one of its life threatening complications develops. The
acute consequences of diabetes mellitus can be grouped according to the effects of
inadequate insulin action on carbohydrate, fat and protein metabolism. These effects
ultimately cause death through various pathways. Numerous long term complications
of diabetes mellitus frequently occur after 15 to 20 years despite treatment to prevent
the short-term effects (16). Chronic elevation of blood glucose level leads to damage
of blood vessels (angiopathy) (20). The endothelial cells lining the blood vessels take
in more glucose than normal, since they don’t depend on insulin. They then form
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more surface glycoproteins than normal and cause the basement membrane to grow
thicker and weaker. In diabetes, the resulting problems are grouped under micro
vascular disease and macro vascular disease. (20) reported that damage to small blood
vessels leads to a microangiopathy causing the following:

(1) Diabetic retinopathy- growth of friable and poor-quality
new blood vessels in the retina which can lead to severe vision loss or
blindness.

(i1) Diabetic neuropathy progressive damage to the nerves. It most commonly

affects the legs, causing pain or numbness working up from the feet.

(1i1) Diabetic nephropathy — progressive damage to the kidney. It is manifested as
an excessive linkage of protein into the urine followed by gradual decline of
the kidney function and even kidney failure.

(20) explained that macrovascular disease leads to cardio-vascular diseases such as:

1. Coronary artery disease, leading to angina or myocardial infarction (heart
attack).

il. Stroke (mainly the ischemic type)

iii. Peripheral vascular disease, which contributes to intermittent claudicating
as well as diabetic foot.

iv. Diabetic myonecrosis (muscle wasting).

About 85% of all diabetics develop retinopathy, 25-50% develops kidney disease and
60-70% has mild to severe forms of nerve damage (12). Diabetics are also 2 to 4
times more likely to develop cardiovascular disease and 2 to 4 times more likely to
suffer a stroke (12).

Some Risk Factors of Diabetes Mellitus

1. Genetic factors

Both type 1 and type 2 diabetes are at least partly inherited. Type 1 diabetes appears
to be triggered by some (mainly viral) infections or in a less common group by stress
or environmental exposure (such as exposure to certain chemicals or drugs). There is
a genetic element in individual susceptibility to some of these triggers which has been
traced to particular HLA genotypes (the genetic self identifiers relied upon by the
immune system). However, even in those who have inherited this susceptibility, type
1 diabetes mellitus seems to require an environmental trigger. A small proportion of
people with type 1 diabetes carry a mutated gene that causes maturity onset diabetes
of the young. Wolfram’s syndrome — wolfram’s syndrome is an autosomal recessive
neurodegenerative disorder that first becomes evident in childhood. It consists of
diabetes insipidus, diabetes mellitus, optic atrophy, and deafness, hence the acronym
DIDMOAD (21). There is a stronger inheritance pattern for type 2 diabetes. Those
with first degree relatives with type 2 diabetes have a much higher risk of developing
type 2 diabetes, increasing with the number of those relatives. Concordance among
monozygotic twins is close to 100% and about 25% of those with the disease have a
family history of diabetes. Candidate genes include KCNJ11 (potassium inwardly
rectifying channel, subfamily J, member 11), which encodes the islet ATP sensitive
potassium channel KIR6.2 and TCF7L2 (transcription factor 7 — like 2), which
regulates proglucagon gene expression and thus the production of glucagons like
peptide-1 (14).
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2. Obesity

Obesity is another risk factor of diabetes mellitus, particularly central obesity ( that is
in and around abdominal organs), which is found in approximately 85% of North
American Patients diagnosed with diabetes, most experts believe that inheriting a
tendency toward obesity also contributes to developing diabetes mellitus..

3. Aging

According to the American Diabetes Association, approximately 18.35% (8.6 million)
of Americans aged 60years and older have diabetes. Diabetes mellitus prevalence
increases with age and the numbers of older persons with diabetes are expected to
grow as the elderly population increases in number. The National Health and
Nutrition Examination Survey (NHANES III) demonstrated that, in the population
over 65 years old, almost 18% to 20% have diabetes. Regarding another study more
than 40% Of Americans 65 years and older meet diagnostic criteria for type 2 diabetes
or IGT impaired glucose tolerance (22). Older Americans are also more likely to have
complicating conditions such as retinopathy, hypertension, and kidney problems. The
way diabetes is managed changes with age. Insulin production decreases because of
the age- related impairment of pancreatic beta cells. Insulin resistance increases due to
the loss of lean tissue and the accumulation of fat, particularly intra-abdominal fat and
the decreased tissue sensitivity to insulin. Glucose tolerance progressively declines
with age and there is a high prevalence of type 2 diabetes in the older population (22).
Age — related glucose intolerance in humans is often accompanied by insulin
resistance but circulating insulin levels are similar to those of younger people. (23).
Researchers and clinicians agree that treatment goals for older patience with diabetes
need to be individualized and take into account health status, as well as life
expectancy, level of dependence and willingness to adhere to a treatment regimen.
(24).

Management of Diabetes Mellitus

Diabetes mellitus is currently a chronic disease, without a cure and medical emphasis
must necessarily be on managing and avoiding possible short terms as well as long
term diabetes — related problems. The primary goal in the management of diabetes is
to control blood sugar levels (12).

Management of Type 1 diabetes mellitus

.Type 1 Diabetes management requires regular insulin injections. The theory of
treatment of Type 1 diabetes mellitus is to administer enough insulin so that the
patient will have carbohydrate, fat and protein metabolism that is as normal as
possible (13). When blood glucose homeostasis, is not maintained, pathological
complications begins to manifest.

Management of Type 2 diabetes mellitus

Type 2 diabetes management requires dietary modification including the strict control
of simple carbohydrate intake and increasing the percentage of complex carbohydrate
as well as fiber (12). (13) stated that in persons with Type 2 diabetes, dieting and
exercise are usually recommended in an attempt to induce weight loss and reverse the
insulin resistance. (12) reported that for people with Type 2 diabetes the use of insulin
and oral hypoglycaemic drugs such as sulphonylureas and biguanidines are necessary
to help keep blood glucose at a normal level. Additionally, dietary supplements such
as chromium may provide benefit to diabetic individuals. The benefits of vitamin E,
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magnesium and other nutrients are well documented. In recent years, several plant
extracts have been examined for antidiabetic activity in an effort to identify
alternative treatment strategies that pose less of risk for diabetes (25, 26, 27).

Prevention of Diabetes Mellitus

Type 1 diabetes risk is known to depend upon a genetic predisposition based on HLA
types (particularly types DR3 and DR4), an unknown environmental trigger and an
uncontrolled autoimmune- response which attacks the insulin producing beta cells
(28). Research from the 1980s suggested that breastfeeding can prevent the risk of
type 1 diabetes (29), various other nutritional risk factors are being studied, but few
have a strong link with the development of type 1 diabetes (30).Type 2 diabetes risk
can be prevented in many cases by making changes in diet and increasing physical
activity (31, 32). Maintaining a healthy weight, getting at least two and half hours of
exercise per week (marathon intensity or duration is not needed; a brisk sustained
walk appears sufficient at present), have a modest fat intake and eating a good amount
of fiber and whole grains. Magnesium may play a significant role in preventing type 2
diabetes (33). Although they do not recommend alcohol consumption as preventive,
they noted that moderate alcohol intake (at or below one ounce of alcohol per day
depending on body mass) may reduce the risk. They stated that there is not enough
consistent evidence that eating foods of low glycemic index is helpful, but nutritious,
low glycemic-index (low carbohydrate0 foods are encouraged. Some studies have
shown delayed progression to diabetes in predisposed patients through the use of
metformin, rosiglitazone, (34) or valsartan, (35). In patients on hydroxychloroquine
for rheumatoid arthritis, incidence of diabetes was reduced by 77% (36).
Breastfeeding might also be correlated with the prevention of type 2 diabetes in
mothers (37).

Conclusions and Recommendations
In view of the fact that at least 171 million people world wide suffer from diabetes
mellitus as at 2006 and this figure estimated to double by the year 2030, there is no
doubt that diabetes mellitus remains a major health concern of our time and demands
urgent measures to reduce its incidence. The high cost of managing diabetes today
($132 billion in the United States alone every year) points to the fact that if we don’t
invest on a cure for diabetes now, we may have to spend most of our national income
in the management of diabetes mellitus in the nearest future, which will be counter -
productive and disastrous especially for the developing countries of the world. To
stem the economic, social and health implications of diabetes mellitus we therefore
make the following recommendations:
1. The government of member nations of the United Nations should encourage more
research on diabetes mellitus especially researches exploiting different treatment
options like using herbal medicine etc.
2. There should be more awareness on the disease especially in the developing
countries like Nigeria so that diabetics understand their illness properly and how to
manage themselves properly.
3. The government of member nations of the United Nations should subsidies the
cost of oral hypoglycaemic drugs and insulin injections used by diabetics especially in
developing countries so that diabetics can easily afford them.
4. The government of member nations of the United Nations should invest in the
training of more specialized medical doctors to manage diabetic cases and employ
them in government hospitals so that diabetics can afford the costs of consulting them.
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