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Abstract

Type 2 diabetes mellitus is one of the most common non communicable diseases worldwide.
Diabetic nephropathy is a major complications in some patients with diabetes. Therefore, strict
control of blood glucose level is essential to prevent or delay the onset of diabetic nephropathy.
A number of antidiabetic medications are available in the market. However, only a few can be
used safely in diabetic patients in chronic kidney disease. There may be a need for adjustment in
dosing of the antidiabetic medications in such patients. Metformin has been recommended by the
American Diabetes Association as the first line antidiabetic drug. . Monotherapy often fails to
achieve the effective glycemic control for treating Type 2 diabetes. If adequate blood glucose
control is not attained using a single oral agent, a combination of agent may result in better
glycemic control. Better control of diabetes is essential for each of the patients to reduce the risk
of diabetes related complications. This study was carried out to determine the combination effect
of metformin and gliclazide on kidney function in type 2 diabetes patients. The other objective of
the study was to assess whether the combination of metformin with gliclazide result in better
glycemic control.This is a collaborative study between East West University(EWU) and
Bangladesh Institute of Research & Rehabilitation in Diabetes, Endocrine and Metabolic
Disorders (BIRDEM). A total 0f200 patients were enrolled in BIRDEM hospital, Dhaka city,
Bangladesh.Male and female patients aged between 40 and 65 years suffering from Type 2
diabetes were included in this study. The patients were treated with Metformin and Gliclazide;
Metformin and Insulin and also other combination of oral antidiabetic drugs. Fasting glucose
levels and creatinine levels were measured in Type 2 diabetes patients treated with different
combinations of antidiabetic medications. The prescription of allpatients suffering from Type 2
diabetes mellitus were analyzed by using the Microsoft Excel and GraphPad Prism 6 software.
The present study shows that the age (years)of patients treated with Metformin + Gliclazide and
Metformin + Insulin was 46.64+7.393 and43.95+£9.761(p = 0.2381) respectively. The fasting
blood glucose (FBG) of the patients treated with Metformin and Gliclazide was 8.580+2.300
mmol/L and Metformine and Insulin was 10.20 = 3.836 mmol/L. The difference was not
statistically significant (p=0.0603).The creatinine level of Metformin and Gliclazide group was
1.919 £ 2.691 mg/dl and Metformin withlnsulin was 0.9538+0.2943.There was no significant

xii



difference between the groups.The age (years) of patients (46.64+7.393)treated with Metformin
+ Gliclazide and the age of patient (44.3£9.805) treated with other antidiabetic drugs was not
significantly different (p=0.1644). The FBG of patients in Metformin + Gliclazide group was
8.58+2.300 mmol/L and other antidiabetic drugs group was 9.485+4.300 mmol/L; p=07773. The
serum creatinine level of patients in Metformin + Gliclazide groupand other antidiabetic drugs
group was 1.919+2.691 and 1.009+0.3210 respectively. There was no significant difference
between the groups (p=0.6964).Metformin and Gliclazide is a good combination of drug for the
adequate control of blood glucose level in Type 2 diabetes patients. This combination does not
significantly elevate the creatinine level when compared to Metformin and Insulin
combination.Further study is needed to determine the efficacy and safety of Metformin and

Gliclazide combination inlarge group of patients with type 2 diabetes.

Keywords: Diabetes, Antidiabetic drugs, Insulin, Metformin, Gliclazide.
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Chapter 1

Introduction
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1.1Introduction

Diabetes mellitus is the important issue of chronic kidney disease (CKD) and a major
public health issue in around the world. Inaddition to preventive measures such as
lifestyle changes, effective and safe treatments are necessary to manage
T2DM.Metformin has been recommended by the American Diabetes Associatioand is
widely used as the first-line antidiabetic drug of choice. However, progression of the
underlying pathogenetic factors despite metformin treatment in T2DM patients frequently
requires additional glucose lowering drugs. Thus, the treatment of T2DM has moved

towards combining metformin with other drugs with a different treatment criterion.

1.2 Diabetes mellitus:

Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic
diseases in which there are high blood sugar levels over a prolonged period. Symptoms of
high blood sugar include frequent urination, increased thirst, and increased hunger. More
commonly referred to as "diabetes|| a chronic disease associated with abnormally high
levels of the sugar glucose in the blood.(WHO, 2014).

Diabetes is due to one of two mechanisms:

1. Inadequate production of insulin (which is made by the pancreas and lowers blood
glucose), or

2. Inadequate sensitivity of cells to the action of insulin.

Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic
diseases in which there are high blood sugar levels over a prolonged period. Symptoms of
high blood sugar include frequent urination, increased thirst, and increased hunger. If left
untreated, diabetes can cause many complications. Acute complications include diabetic
ketoacidosis and nonketotic hyperosmolar coma. Serious long-term complications include

cardiovascular

disease, stroke, chronic, foot ulcers, and damage to the eyes. (International Diabetes
Federation. 2006)
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1.3 Types of Diabetes:

Diabetes is due to either the pancreas not producing enough insulin or the cells of the
body not responding properly to the insulin produced (Dorner et al., 1977).

There are three main types of diabetes mellitus:

[1 Type 1 DM results from the pancreas's failure to produce enough insulin. This form
was previously referred to as "insulin-dependent diabetes mellitus™ (IDDM) or "juvenile
diabetes". The cause is unknown. (WHO, 2013)

[ Type 2 DM begins with insulin resistance, a condition in which cells fail to respond to
insulin properly. As the disease progresses a lack of insulin may also develop.This form
was previously referred to as "non-insulin-dependent diabetes mellitus" (NIDDM) or
"adult-onset diabetes”. The primary cause is excessive body weight and not enough
exercise. (WHO, 2013)

[] Gestational diabetes, is the third main form and occurs when pregnant women without

a previous history of diabetes develop a high blood-sugar level.(WHO, 2013)
Type 1 Diabetes:

Type 1 diabetes mellitus is characterized by loss of the insulin-producing beta cells of the
islets of Langerhansin the pancreas, leading to insulin deficiency. This type can be further
classified as immune-mediated or idiopathic. The majority of type 1 diabetes is of the
immune-mediated nature, in which a T-cell-mediatedautoimmune attack leads to the loss
of beta cells and thus insulin.(Rother,2007) It causes approximately 10% of diabetes
mellitus cases in North America and Europe. Most affected people are otherwise healthy
and of a healthy weight when onset occurs. Sensitivity and responsiveness to insulin are
usually normal, especially in the early stages. Type 1 diabetes can affect children or
adults, but was traditionally termed "juvenile diabetes" because a majority of these

diabetes cases were in children. (Rother et al., 2007).

"Brittle” diabetes, also known as unstable diabetes or labile diabetes, is a term that was
traditionally used to describe the dramatic and recurrent swings in glucose levels, often
occurring for no apparent reason in insulin-dependent diabetes. This term, however, has
no biologic basis and should not be used.(WHO,1990) Still, type 1 diabetes can be
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accompanied by irregular and unpredictable high blood sugar levels, frequently with
ketosis, and sometimes with serious low blood sugar levels. Other complications include
an impaired counterregulatory response to low blood sugar, infection, gastroparesis
(which leads to erratic absorption of dietary carbohydrates), and endocrinopathies.
(Merck Publishing, 2010)These phenomena are believed to occur no more frequently than

in 1% to 2% of persons with type 1 diabetes. (Dorner et al., 1977).

Type 2 diabetes:

Type 2 DM is characterized by insulin resistance, which may be combined with relatively
reduced insulin secretion.The defective responsiveness of body tissues to insulin is
believed to involve the insulin receptor. However, the specific defects are not known.
Diabetes mellitus cases due to a known defect are classified separately. Type 2 DM is the
most common type of diabetes mellitus.In the early stage of type 2, the predominant
abnormality is reduced insulin sensitivity. At this stage, high blood sugar can be reversed
by a variety of measures and medicationsthat improve insulin sensitivity or reduce the
liver's glucose production.Type 2 DM is due primarily to lifestyle factors and genetics.A
number of lifestyle factors are known to be important to the development of type 2 DM,
including obesity (defined by a body mass index of greater than 30), lack of physical
activity, poor diet, stress, and urbanization.(Williams textbook of endocrinology 12th ed)
Excess body fat is associated with 30% of cases in those of Chinese and Japanese descent,
60-80% of cases in those of European and African descent, and 100% of Pima Indians
and Pacific Islanders.Even those who are not obese often have a high waist-hip
ratio.(Shoback et al.,2011).

Dietary factors also influence the risk of developing type 2 DM. Consumption of sugar-
sweetened drinks in excess is associated with an increased risk.(American Diabetes
Association,2014) The type of fats in the diet is also important, with saturated fats and
trans fatty acids increasing the risk and polyunsaturated and monounsaturated fat
decreasing the risk.Eating lots of white ricealso may increase the risk of diabetes.A lack

of exercise is believed to cause 7% of cases. (Davis, 2004).
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Gestational diabetes

Gestational diabetes is the third main form and occurs when pregnant women without a
previous history of diabetes develop a high blood sugar level. (WHO, 2013)Prevention
and treatment involve a healthy diet, physical exercise, not using tobacco and being
abnormal. Blood pressure control and proper foot care are also important for people with
the disease. Type 1 DM must be managed with insulin injections. Type 2 DM may be
treated with medications with or without insulin. Insulin and some oral medications can
cause low blood sugar. Weight loss surgery in those with obesity is sometimes an
effective measure in those with type 2 DM. Gestational diabetes usually resolves after the
birth of the baby.Gestational diabetes (or gestational diabetes mellitus, GDM) is a
condition in which women without previously diagnoseddiabetes exhibit high blood
glucose (blood sugar) levels during pregnancy (especially during their third
trimester).Gestational diabetes is caused when insulin receptors do not function properly.
This is likely due to pregnancy-related factors such as the presence of human placental
lactogen that interferes with susceptible insulin receptors. This in turn causes
inappropriately elevated blood sugar levels.(International Diabetes
Federation.2006).Gestational diabetes generally has few symptoms and it is most
commonly diagnosed by screening during pregnancy. Diagnostic tests detect
inappropriately high levels of glucose in blood samples. Gestational diabetes affects 3-
10% of pregnancies, depending on the population studied. (Kitabchi et al.,2009).As with
diabetes mellitus in pregnancy in general, babies born to mothers with untreated
gestational diabetes are typically at increased risk of problems such as being large for
gestational age (which may lead to delivery complications), low blood sugar,
andjaundice. If untreated, it can also cause seizures or stillbirth. Gestational diabetes is a
treatable condition and women who have adequate control of glucose levels can
effectively decrease these risks. The food plan is often the first recommended target for
strategic management of GDM.Women with unmanaged gestational diabetes are at
increased risk of developing type 2 diabetes mellitus (or, very rarely, latent autoimmune
diabetes or Type 1) after pregnancy, as well as having a higher incidence of pre-
eclampsia and Caesarean section; their offspring are prone to developing childhood

obesity, with type 2 diabetes later in life. Most women are able to manage their blood
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glucose levels with a modified diet and the introduction of moderate exercise, but some

require antidiabetic drugs, includinginsulin. (Kitabchi et al., 2009).

Other types

Prediabetes indicates a condition that occurs when a person's blood glucose levels are
higher than normal but not high enough for a diagnosis of type 2 DM. Many people
destined to develop type 2 DM spend many years in a state of prediabetes. Latent
autoimmune diabetes of adults (LADA) is a condition in which type 1 DM develops in
adults. Adults with LADA are frequently initially misdiagnosed as having type 2 DM,
based on age rather than etiology. Some cases of diabetes are caused by the body's tissue
receptors not responding to insulin (even when insulin levels are normal, which is what
separates it from type 2 diabetes); this form is very uncommon. Genetic mutations
(autosomal or mitochondrial) can lead to defects in beta cellfunction. Abnormal insulin
action may also have been genetically determined in some cases. Any disease that causes
extensive damage to thepancreas may lead to diabetes (for example, chronic pancreatitis
and cystic fibrosis). Diseases associated with excessive secretion of insulin-antagonistic
hormones can cause diabetes (which is typically resolved once the hormone excess is
removed). Many drugs impair insulin secretion and some toxins damage pancreatic beta
cells. The ICD-10 (1992) diagnostic entity, malnutrition-related diabetes mellitus
(MRDM or MMDM, ICD-10 code E12), was deprecated by the World Health

Organization when

1.4 Pathophysiology

Insulin is the principal hormone that regulates the uptake of glucose from the blood into
most cells of the body, especially liver, muscle, and adipose tissue. Therefore, deficiency
of insulin or the insensitivity of its receptors plays a central role in all forms of diabetes
mellitus. The body obtains glucose from three main places: the intestinal absorption of
food, the breakdown of glycogen, the storage form of glucose found in the liver,
andgluconeogenesis, the generation of glucose from non-carbohydrate substrates in the
body. Insulin plays a critical role in balancing glucose levels in the body. Insulin can

inhibit the breakdown of glycogen or the process of gluconeogenesis, it can stimulate the
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transport of glucose into fat and muscle cells, and it can stimulate the storage of glucose
in the form of glycogen. (American Diabetes Association, 2014)

Insulin is released into the blood by beta cells (B-cells), found in the islets of
Langerhansin the pancreas, in response to rising levels of blood glucose, typically after
eating. Insulin is used by about two-thirds of the body's cells to absorb glucose from the
blood for use as fuel, for conversion to other needed molecules, or for storage. Lower
glucose levels result in decreased insulin release from the beta cells and in the breakdown
of glycogen to glucose. This process is mainly controlled by the hormone glucagon,
which acts in the opposite manner to insulin. If the amount of insulin available is
insufficient, if cells respond poorly to the effects of insulin (insulin insensitivity or insulin
resistance), or if the insulin itself is defective, then glucose will not be absorbed properly
by the body cells that require it, and it will not be stored appropriately in the liver and
muscles. The net effect is persistently high levels of blood glucose, poor protein
synthesis, and other metabolic derangements, such as acidosis. When the glucose
concentration in the blood remains high over time, the kidneys will reach a threshold of
reabsorption, and glucose will be excreted in the urine (glycosuria). This increases the
osmotic pressure of the urine and inhibits reabsorption of water by the kidney, resulting in
increased urine production (polyuria) and increased fluid loss. Lost blood volume will be
replaced osmotically from water held in body cells and other body compartments, causing

dehydration and increased thirst (polydipsia). (Shoback et al., 2011)

1.5 Epidemiology

As of 2013, 382 million people have diabetes worldwide. Type 2 makes up about 90% of
the cases. This is equal to 8.3% of the adult population with equal rates in both women
and men. In 2014, the International Diabetes Federation (IDF) estimated that diabetes
resulted in 4.9 million deaths. The World Health Organization (WHO) estimated that
diabetes resulted in 1.5 million deaths in 2012, making it the 8th leading cause of death.
The discrepancy between the two estimates is due to the fact that cardiovascular diseases
are often the cause of death for individuals with diabetes. More than 80% of diabetic
deaths occur in low and middle-income countries. (International Diabetes Federation,
2014).

(7]



1.6 Sign and Symptoms

The classic symptoms of untreated diabetes are weight loss, polyuria (increased
urination), polydipsia (increased thirst), and polyphagia (increased hunger). Symptoms
may develop rapidly (weeks or months) in type 1 DM, while they usually develop much
more slowly and may be subtle or absent in type 2 DM. Several other signs and
symptoms can mark the onset of diabetes, although they are not specific to the disease. In
addition to the known ones above, they include blurry vision, headache, fatigue, slow
healing of cuts, and itchy skin. Prolonged high blood glucose can cause glucose
absorption in the lens of the eye, which leads to changes in its shape, resulting in vision
changes. A number of skin rashes that can occur in diabetes are collectively known as
diabetic dermatomes. (Cooke et al., 2008).

1.7 History

Diabetes was one of the first diseases described, with an Egyptian manuscript from
¢.1500 BCE mentioning "too great emptying of the urine”. The first described cases are
believed to be of type 1 diabetes. Indian physicians around the same time identified the
disease and classified it as madhumeha or "honey urine", noting the urine would attract
ants. The term "diabetes" or "to pass through™ was first used in 230 BCE by the Greek
Apollonius of Memphis. The disease was considered rare during the time of the Roman
Empire, with Galen commenting he had only seen two cases during his career. This is
possibly due the diet and life-style of the ancient people, or because the clinical
symptoms were observed during the advanced stage of the disease. Galen named the

disease "diarrhea of the urine™ (diarrhea urinosa). (Leonid, 2009)

The earliest surviving work with a detailed reference to diabetes is that of Aretaeus of
Cappadocia (2nd or early 3rd century CE). He described the symptoms and the course of
the disease, which he attributed to the moisture and coldness, reflecting the beliefs of the
"Pneumatic School"”. He hypothesized a correlation of diabetes with other diseases and he
discussed differential diagnosis from the snakebite which also provokes excessive thirst.
Type 1 and type 2 diabetes were identified as separate conditions for the first time by the
Indian physicians Sushruta and Charaka in 400-500 CE with type 1 associated with youth

and type 2 with being overweight. The term "mellitus” or "“from honey" was added by the
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Briton John Rolle in the late 1700s to separate the condition from diabetes insipid us,
which is also associated with frequent urination. Effective treatment was not developed
until the early part of the 20th century, when Canadians Frederick Banting and Charles
Herbert Best isolated and purified insulin in 1921 and 1922. This was followed by the
development of the long-acting insulin NPH in the 1940s.(Leonid, 2009).

1.8. Classification and Causes

Diabetes mellitus is classified into four broad categories: type 1, type 2, gestational
diabetes, and "other specific types". The "other specific types" are a collection of a few
dozen individual causes. The term "diabetes"”, without qualification, usually refers to
diabetes mellitus (Leonid et al., 2009).

1.9 Treatment

For type 2 diabetic patients, several treatment options are available (Shoback et al.,
2011). While the major focus of diabetes treatment is glycaemic control, other strategies
target coincident features of the disease such as insulin resistance or obesity. The current
consensus treatment of type 2 diabetes follows a stepwise manner, starting with lifestyle
interventions (e.g. diet and exercise) and pharmacotherapy with metformin. Eventually,
combination therapy with lifestyle interventions, oral agents, and/or insulin is generally
indicated for many type 2 diabetic patients. The success of the antidiabetic therapy is
controlled by measuring blood glucose, as an index of acute glycaemia and HbAlc, i.e.
glycosylated haemoglobin, as an index of chronic glycaemia. Lifestyle interventions to
promote weight loss and increase exercise should, if possible, always be included in the
treatment of diabetes. While weight loss can effectively ameliorate hyperglycaemia the
long-term success of incorporating such intervention programs into the usual lifestyle and
maintaining them is limited. For pharmacotherapy, several classes of antidiabetic
medications are currently available, targeting different angles of the disease. Hepatic
glucose production is decreased by metformin, resulting in decreased fasting glycaemia.
Sulfonylureas and glinides act by enhancing insulin secretion. a-Glucosidase inhibitors
reduce the rate of digestion of polysaccharides, thereby lowering postprandial glucose
levels.Glitazones increase the sensitivity of muscle, fat, and liver to insulin Finally,

insulin is the oldest and most effective treatment for lowering glycaemia, and over time,
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as B-cell function decreases, many diabetics require intensive insulin therapy. Metformin,
sulfonylureas and glinides lower HbAlc by ~1.5%, more than the other oral antidiabetics,
but not as much as insulin. Metformin is indicated at every stage of the disease .In the
United Kingdom Prospective Diabetes Study it was shown not to affect body weight
(Schulman et al.,2009).

These currently available therapies for type 2 diabetes have several disadvantages includ-
ing increased risk of hypoglycaemia (sulphonylureas,insulin), gastrointestinal side effects
(metformin, a-glucosidase inhibitors, amylin agonists), weight gain (sulphonylureas,
glitazones, glinides, insulin), fluid retention and congestive heart failure (glitazones)
(Diabetes Mellitus, Alvin C 18th ed), as well as myocardial infarction (rosiglitazone).One
new approach yielding. Type 2 DM is characterized by insulin resistance, which may be
combined with relatively reduced insulin secretion. The defective responsiveness of body
tissues to insulin is believed to involve the insulin receptor. However, the specific defects
are not known. Diabetes mellitus cases due to a known defect are classified separately.
Type 2 DM is the most common type of diabetes mellitus. In the early stage of type 2, the
predominant abnormality is reduced insulin sensitivity. At this stage, high blood sugar
can be reversed by a variety of measures and medications that improve insulin sensitivity
or reduce the liver's glucose production. Type 2 DM is due primarily to lifestyle factors
and genetics. A number of lifestyle factors are known to be important to the development
of type 2 DM, including obesity (defined by a body mass index of greater than 30), lack
of physical activity, poor diet, stress, and urbanization. Excess body fat is associated with
30% of cases in those of Chinese and Japanese descent, 60—80% of cases in those of
European and African descent, and 100% of Pima Indians and Pacific Islanders. Even
those who are not obese often have a high waist-hip ratio. Dietary factors also influence
the risk of developing type 2 DM. Consumption of sugar-sweetened drinks in excess is
associated with an increased risk. The type of fats in the diet is also important, with
saturated fats and trans fatty acids increasing the risk and polyunsaturated and
monounsaturated fat decreasing the risk. Eating lots of white rice appears to also play a
role in increasing risk. A lack of exercise is believed to cause 7% of cases. (Schulman et
al., 2009).
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1.10 Diagnosis

The absence of unequivocal high blood sugar, should be confirmed by a repeat of any of
the above methods on a different day. It is preferable to measure a fasting glucose level
because of the ease of measurement and the considerable time commitment of formal
glucose tolerance testing, which takes two hours to complete and offers no prognostic
advantage over the fasting test. According to the current definition, two fasting glucose
measurements above 126 mg/dl (7.0 mmol/l) is considered diagnostic for diabetes
mellitus. Per the World Health Organization people with fasting glucose levels from 6.1
to 6.9 mmol/I(110 to 125 mg/dl) are considered to have impaired fasting glucose. people
with plasma glucose at or above 7.8 mmol/l (140 mg/dl), but not over 11.1 mmol/l (200
mg/dl), two hours after a 75 g oral glucose load are considered to have impaired glucose
tolerance. Of these two prediabetic states, the latter in particular is a major risk factor for
progression to full-blown diabetes mellitus, as well as cardiovascular disease. The
American Diabetes Association since 2003 uses a slightly different range for impaired
fasting glucose of 5.6 to 6.9 mmol/l (100 to 125 mg/dl). The rare disease diabetes
insipidus has similar symptoms to diabetes mellitus, but without disturbances in the sugar
metabolism (insipidusmeans "without taste™ in Latin) and does not involve the same
disease mechanisms. Diabetes is a part of the wider condition known as metabolic
syndrome.(Schulman et al.,2009).

1.11 Prevention

There is no known preventive measure for type 1 diabetes. Type 2 diabetes can often be
prevented by a person being a normal body weight, physical exercise, and following a
healthful diet. Dietary changes known to be effective in helping to prevent diabetes
include a diet rich inwhole grains and fiber, and choosing good fats, such as
polyunsaturated fats found in nuts, vegetable oils, and fish. Limiting sugary beverages
and eating less red meat and other sources of saturated fat can also help in the prevention
of diabetes. Active smoking is also associated with an increased risk of diabetes, so
smoking cessation can be an important preventive measure as well. (Harvard School of
Public Health,2014)
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1.12 Management

Diabetes mellitus is a chronic disease, for which there is no known cure except in very
specific situations. Management concentrates on keeping blood sugar levels as close to
normal, without causing low blood sugar. This can usually be accomplished with a
healthy diet, exercise, weight loss, and use of appropriate medications (insulin in the case
of type 1 diabetes; oral medications, as well as possibly insulin, in type 2 diabetes).
Learning about the disease and actively participating in the treatment is important, since
complications are far less common and less severe in people who have well-managed
blood sugar levels. The goal of treatment is an HbA1C level of 6.5%, but should not be
lower than that, and may be set higher. Attention is also paid to other health problems that
may accelerate the negative effects of diabetes. These include smoking, elevated
cholesterol levels, obesity, high blood pressure, and lack of regular exercise. Specialized
footwear is widely used to reduce the risk of ulceration, or re-ulceration, in at-risk
diabetic feet. Evidence for the efficacy of this remains equivocal (Nathan et al., 2005).

Lifestyle of the patients suffering from Diabetes

People with diabetes can benefit from education about the disease and treatment, good
nutrition to achieve a normal body weight, and exercise, with the goal of keeping both
short-term and long-term blood glucose levels within acceptable bounds. In addition,
given the associated higher risks of cardiovascular disease, lifestyle modifications are

recommended to control blood pressure.(Adler , 2000).

Medications

Medications used to treat diabetes do so by lowering blood sugar levels. There are a
number of different classes of anti-diabetic medications. Some are available by mouth,
such as metformin, while others are only available by injection such as GLP-1 agonists.
Type 1 diabetes can only be treated with insulin, typically with a combination of regular
and NPH insulin, or synthetic insulin analogs. Metformin is generally recommended as a
first line treatment for type 2 diabetes, as there is good evidence that it decreases
mortality. It works by decreasing the liver's production of glucose. Several other groups
of drugs, mostly given by mouth, may also decrease blood sugar in type Il DM. These

include agents that increase insulin release, agents that decrease absorption of sugar from
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the intestines, and agents that make the body more sensitive to insulin. When insulin is
used in type 2 diabetes, a long-acting formulation is usually added initially, while
continuing oral medications. Doses of insulin are then increased to effect.Since
cardiovascular disease is a serious complication associated with diabetes, some
recommend blood pressure levels below 120/80 mmHg; however, evidence only supports
less than or equal to somewhere between 140/90 mmHg to 160/100 mmHg. Amongst
medications that lower blood pressure, angiotensin converting enzyme inhibitors (ACEIs)
improve outcomes in those with DM while the similar medications angiotensin receptor
blockers (ARBs) do not. Aspirin is also recommended for patient with cardiovascular
problems, however routine use of aspirin has not been found to improve outcomes in

uncomplicated diabetes. (Cheng et al., 2014).

Surgery

A pancreas transplant is occasionally considered for people with type 1 diabetes who
have severe complications of their disease, including end stage kidney disease requiring
kidney transplantation. Weight loss surgery in those with obesity and type two diabetes is
often an effective measure. Many are able to maintain normal blood sugar levels with
little or no medications following surgery and long-term mortality is decreased. There
however is some short-term mortality risk of less than 1% from the surgery. The body
mass index cutoffs for when surgery is appropriate are not yet clear. It is recommended
that this option be considered in those who are unable to get both their weight and blood
sugar under control. Support. In countries using a general practitioner system, such as the
United Kingdom, care may take place mainly outside hospitals, with hospital-based
specialist care used only in case of complications, difficult blood sugar control, or
research projects. In other circumstances, general practitioners and specialists share care
in a team approach. Home telehealth support can be an effective management technique.
(Polisena et al., 2009)

1.13 Anti-Diabetic Drug

Drugs used in diabetes treat diabetes mellitus by lowering glucose levels in the blood.
With the exceptions of insulin, exenatide, liraglutide andpramlintide, all are administered

[13]



orally and are thus also called oral hypoglycemic agents or oral antihyperglycemic agents.
There are different classes of anti-diabetic drugs, and their selection depends on the
nature of the diabetes, age and situation of the person, as well as other factors. Diabetes
mellitus type 1 is a disease caused by the lack of insulin. Insulin must be used in Type I,
which must be injected. Diabetes mellitus type 2 is a disease of insulin resistance by cells.
Type 2 diabetes mellitus is the most common type of diabetes. (Polisena et al.,2009)
Treatments include:

(1) agents that increase the amount of insulin secreted by the pancreas,

(2) Agents that increase the sensitivity of target organs to insulin, and

(3) Agents that decrease the rate at which glucose is absorbed from the gastrointestinal
tract.

Several groups of drugs, mostly given by mouth, are effective in Type Il, often in
combination.The therapeutic combination in Type Il may include insulin, not necessarily
because oral agents have failed completely, but in search of a desired combination of
effects. The great advantage of injected insulin in Type Il is that a well-educated patient
can adjust the dose, or even take additional doses, when blood glucose levels measured by
the patient, usually with a simple meter, as needed by the measured amount of sugar in
the blood. (Polisena et al., 2009)

1.13.1 Type of anti-diabetic medication

A. Insulin

B. Sensitizers

C. Secretagogues

D. Alpha-glucosidase inhibitor

E. Peptide analogs

F. Glycosurics

A. Insulin

Insulin is usually given subcutaneously, either by injections or by an insulin pump.
Research of other routes of administration is underway. In acute-care settings, insulin
may also be given intravenously. In general, there are three types of insulin, characterized
by the rate which they are metabolized by the body. They are rapid acting insulins,
intermediate acting insulins and long acting insulins. (Powers in Harrison's Principles of

Internal Medicine)
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Examples of rapid acting insulins include

Examples of intermediate acting insulins include

Examples of long acting insulins include

Most anti-diabetic agents are contraindicated in pregnancy, in which insulin is preferred.
B. Sensitizers

Insulin sensitizers address the core problem in Type Il diabetes—insulin resistance.
Biguanides

Biguanides reduce hepatic glucose output and increase uptake of glucose by the
periphery,including skeletal muscle. Although it must be used with caution in patients
with impaired liver or kidney function, metformin, a biguanide, has become the most
commonly used agent for type 2 diabetes in children and teenagers. Among common
diabetic drugs, metformin is the only widely used oral drug that does not cause weight
gain.

Typical reduction in glycated hemoglobin (A1C) values for metformin is 1.5-2.0%

Metformin is usually the first-line medication used for treatment of type 2 diabetes. In
general, it is prescribed at initial diagnosis in conjunction with exercise and weight loss,
as opposed to in the past, where it was prescribed after diet and exercise had failed. There
is an immediate release as well as an extended-release formulation, typically reserved for
patients experiencing Gl side-effects. It is also available in combination with other oral
diabetic medications.

Thiazolidinediones

Thiazolidinediones (TZDs), also known as "glitazones," bind to PPARY, a type of nuclear
regulatory protein involved in transcription of genes regulating glucose and fat
metabolism. These PPARSs act on peroxysome proliferator responsive elements (PPRE).
The PPREs influence insulin-sensitive genes, which enhance production of mRNAs of
insulin-dependent enzymes. The final result is better use of glucose by the cells.

Typical reductions in glycated hemoglobin (A1C) values are 1.5-2.0%. Some examples
are:

2010,that it be suspended from the EU market due to elevated cardiovascular risks.

Multiple retrospective studies have resulted in a concern about rosiglitazone's safety,

although it is established that the group, as a whole, has beneficial effects on diabetes.
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The greatest concern is an increase in the number of severe cardiac events in patients
taking it. The ADOPT study showed that initial therapy with drugs of this type may
prevent the progression of disease, as did the DREAM trial. (Wood et al., 2007)

Concerns about the safety of rosiglitazone arose when a retrospective meta-analysis was
published in the New England Journal of Medicine. There have been a significant number
of publications since then, and a Food and Drug Administration panel voted, with some
controversy, 20:3 that available studies "supported a signal of harm," but voted 22:1 to
keep the drug on the market. The meta-analysis was not supported by an interim analysis
of the trial designed to evaluate the issue, and several other reports have failed to
conclude the controversy. This weak evidence for adverse effects has reduced the use of
rosiglitazone, despite its important and sustained effects on glycemic control. Safety
studies are continuing. In contrast, at least one large prospective study, PROactive 05, has
shown that pioglitazone may decrease the overall incidence of cardiac events in people

with type 2 diabetes who have already had a heart attack. (Ajjan et al., 2008).

C. Secretagogues

Secretagogues are drugs that increase insulin output from the pancreas. Sulfonylureas
Sulfonylureas were the first widely used oral anti-hyperglycaemic medications. They are
insulin secretagogues, triggering insulin release by inhibiting the KATP channel of the
pancreatic beta cells. Eight types of these pills have been marketed in North America, but
not all remain available. The "second-generation" drugs are now more commonly used.
They are more effective than first-generation drugs and have fewer side-effects. All may
cause weight gain. Sulfonylureas bind strongly to plasma proteins. Sulfonylureas are
useful only in Type Il diabetes, as they work by stimulating endogenous release of
insulin. They work best with patients over 40 years old who have had diabetes mellitus
for under ten years. They cannot be used with type | diabetes, or diabetes of pregnancy.
They can be safely used with metformin or glitazones. The primary side-effect is
hypoglycemia. Typical reductions in glycated hemoglobin (A1C) values for second-

generation sulfonylureas are 1.0-2.0%. (Ajjan et al., 2008).
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D. Alpha-glucosidase inhibitor

Alpha-glucosidase inhibitors are "diabetes pills" but not technically hypoglycemic agents
because they do not have a direct effect on insulin secretion or sensitivity. These agents
slow the digestion of starch in the small intestine, so that glucose from the starch of a
meal enters the bloodstream more slowly, and can be matched more effectively by an
impaired insulin response or sensitivity. These agents are effective by themselves only in
the earliest stages of impaired glucose tolerance, but can be helpful in combination with
other agents in type 2 diabetes.

Typical reductions in glycated hemoglobin (A1C) values are 0.5-1.0%.

These medications are rarely used in the United States because of the severity of their
side-effects (flatulence and bloating). They are more commonly prescribed in Europe.

(National Prescribing Service, 2010)

E. Peptide analogs

Injectable Incretin mimetics

Incretins are insulin secretagogues. The two main candidate molecules that fulfill criteria
for being an incretin are glucagon-like peptide-1 (GLP-1) and gastric inhibitory
peptide(glucose dependent insulinotropic peptide, GIP). Both GLP-1 and GIP are rapidly
inactivated by the enzyme dipeptidyl peptidase-4 (DPP-4). Injectable Glucagon-like
peptide analogs and agonists Glucagon-like peptide (GLP) agonists bind to a membrane
GLP receptor. As a consequence, insulin release from the pancreatic beta cells is
increased. Endogenous GLP has a half-life of only a few minutes, thus an analogue of
GLP would not be practical.

1.14Gliclazide

Gliclazide is an oral hypoglycemic (anti-diabetic drug) and is classified as a sulfonylurea.
Its classification has been ambiguous, as literature uses it as both a first-generation ™ and
second-generation sulfonylurea. Gliclazide was shown to protect human pancreatic beta-
cells from hyperglycemia-induced apoptosis. It was also shown to have an

antiatherogenic effect (preventing accumulation of fat in arteries) in type 2 diabetes.
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It is on the WHO Model List of Essential Medicines, the most important medications
needed in a basic health system. Gliclazide is used for control of hyperglycemia in
gliclazide-responsive diabetes mellitus of stable, mild, non-ketosis prone, type 2 diabetes.
It is used when diabetes cannot be controlled by proper dietary management and exercise
or when insulin therapy is not appropriate. National Kidney Foundation (2012 Update)
claims that Gliclazide does not require dosage up titration even in end stage kidney

disease.

Mechanism of action

Gliclazide selectively binds to sulfonylurea receptors (SUR-1) on the surface of the
pancreatic beta-cells. It was shown to provide cardiovascular protection as it does not
bind to sulfonylurea receptors (SUR-2A) in the heart.!®! This binding effectively closes
the K+ ion channels. This decreases the efflux of potassium from the cell which leads to
the depolarization of the cell. This causes voltage dependent Ca++ ion channels to open
increasing the Ca++ influx. The calcium can then bind to and activate calmodulin which
in turn leads to exocytosis of insulin vesicles leading to insulin release.The mouse model
of MODY diabetes suggested that the reduced gliclazide clearance stands behind their
therapeutic success in human MODY patients, but Urbanova et al. found that human
MODY patients respond differently and that there was no consistent decrease in
gliclazide clearance in randomly selected HNF1A-MODY and HNF4A-MODY
patients.(National Prescribing Service, 2010)

1.15 Metformin

Metformin, marketed under the trade nameGlucophage among others, is the first-line
medication for the treatment of type 2 diabetes. This is particularly true in people who are
overweight. It is also used in the treatment of polycystic ovary syndrome. Limited
evidence suggests metformin may prevent the cardiovascular disease and cancer

complications of diabetes. It is not associated with weight gain. It is taken by mouth.

Metformin is generally well tolerated. Common side effects include diarrhea, nausea, and
abdominal pain. It has a low risk of developing low blood sugar. High blood lactic acid

level is a concern if the drug is prescribed inappropriately and in overdose. It should not
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be used in those with liver disease or kidney problems. While there is no clear harm if
used during pregnancy, insulin is generally preferred for gestational diabetes. Metformin
is in the biguanide class. It works by decreasing glucose production by the liver and
increasing the insulin sensitivity of body tissues.

Metformin was discovered in 1922.*Y Study in humans began in 1950s by French
physician Jean Sterne. It was introduced as a medication in France in 1957 and the United
States in 1995. It is on the World Health Organization's List of Essential Medicines, the
most important medications needed in a basic healthcare system. Metformin is believed to
be the most widely used medication for diabetes which is taken by mouth. It is available
as a generic medication.®) The wholesale price in the developed world is between 0.21
and 5.55 USD per month as of 2014. In the United States, it costs 5 to 25 USD per month.
(World Health Organization October 2013).

Mechanism of action

The exact mechanism of metformin is incompletely understood. The drug's main effect is
to decrease hepatic glucose production. Metformin also increases insulin sensitivity,
which increases peripheral glucose uptake.

Metformin decreases high blood sugar primarily by suppressing glucose production by
the liver (hepatic gluconeogenesis). The "average" person with type 2 diabetes has three
times the normal rate of gluconeogenesis; metformin treatment reduces this by over one-
third. The molecular mechanism of metformin is incompletely understood: inhibition of
the mitochondrial respiratory chain (complex 1), activation of AMP-activated protein
kinase (AMPK), inhibition of glucagon-induced elevation of cyclic adenosine
monophosphate (CAMP) with reduced activation of protein kinase A (PKA), inhibition of
mitochondrial glycerophosphate dehydrogenase, and an effect on gut microbiota have

been proposed as potential mechanisms.

Activation of AMPK, an enzyme that plays an important role in insulin signaling, whole
body energy balance, and the metabolism of glucose and fats, was required for
metformin's inhibitory effect on the production of glucose by liver cells. Activation of

AMPK was required for an increase in the expression of small heterodimer partner, which
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in turn inhibited the expression of the hepatic gluconeogenic genes Phosphoenolpyruvate
carboxykinase and glucose 6-phosphatase. Metformin is frequently used in research along
with AICA ribonucleotide as an AMPK agonist. More recent studies using mouse models
in which the genes for AM

PKal and a2 catalytic subunits (Prkaal/2) or LKB1, an upstream kinase of AMPK, had
been knocked out in hepatocytes, have raised doubts over the obligatory role of AMPK,
since the effect of metformin was not abolished by loss of AMPK function. The
mechanism by which biguanides increase the activity of AMPK remains uncertain;
however, metformin increases the concentration of cytosolicadenosine monophosphate
(AMP) (as opposed to a change in total AMP or total AMP/adenosine triphosphate).
Increased cellular AMP has also been proposed to explain the inhibition of glucagon-
induced increase in CAMP and activation of PKA.Metformin and other biguanides may
antagonize the action of glucagon, thus reducing fasting glucose levels. Metformin also
induces a profound shift in the faecal microbial community profile in diabetic mice and
this may contribute to its mode of action possibly through an effect on glucagon-like
peptide-1 secretion.

In addition to suppressing hepatic glucose production, metformin increases insulin
sensitivity, enhances peripheral glucose uptake (by inducing the phosphorylation of
GLUT4 enhancer factor), decreases insulin-induced suppression of fatty acid oxidation,
and decreases absorption of glucose from the gastrointestinal tract. Increased peripheral
use of glucose may be due to improved insulin binding to insulin receptors. The increase
in insulin binding after metformin treatment has also been demonstrated in patients with
NIDDM.

AMPK probably also plays a role in increased insulin as metformin administration
increases AMPK activity in skeletal muscle. AMPK is known to cause GLUT4
deployment to the plasma membrane, resulting in insulin-independent glucose uptake.
Some metabolic actions of metformin do appear to occur by AMPK-independent
mechanisms; the metabolic actions of metformin in the heart muscle can occur
independent of changes in AMPK activity and may be mediated by p38 MAPK- and
PKC-dependent mechanisms.(Wood et al., 2015)
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2.1 The objectives of the study are -

» To investigate the effect of metformin and gliclazide on creatinine level in type 2

diabetes patients.

« To assess the better glycemic control in Metformin and Gliclazide combination group

for the treatment of Type 2 diabetes.
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3.1 Literature review

Type 2 diabetes mellitus (T2DM) is a progressive condition requiring long-term
treatment. Most patients with T2DM are unable to maintain normoglycemia using
metformin alone; thus, combination therapy is a pivotal part of disease management.
Addition of the dipeptidyl peptidase-4 inhibitor linagliptin, with its proven efficacy, low
propensity for hypoglycemia, and weight neutrality, has been shown to improve glycemic
control for patients who are not well controlled with metformin. As patients often have
other comorbidities requiring pharmacotherapy, an increase in pill number, different
prescribing frequencies, and timing of medications may adversely impact patients’
adherence. Studies have shown that treatment nonadherence contributes to increased
morbidity, mortality, and healthcare cost. In the United States, the single-pill combination
(SPC) of linagliptin/metformin is available in three strengths approved for twice-daily
administration: 2.5/500 mg, 2.5/850 mg, and 2.5/1000 mg. The SPC has the potential to
reduce pill burden and simplify patients’ treatment regimens, thereby promoting

improved adherence and efficacy.( Haak et al., 2015)

Combinations of metformin-vidagliptin (MF-VG) and metfromin-glimepiride (MF-GP) in
type 2 diabetes mellitus (T2DM) patients was investigated. A comparative randomized
open-label trial was conducted on patients with uncomplicated T2DM, on treatment with
MF for 4 months out of which on maximum tolerated dose of MF (1000-2500 mg/day)
for 4 weeks, glycosylated Haemoglobin [HbAlc]) >6.5%, fasting blood glucose (FBG)
>126 mg/dl and post prandial glucose (PPG) >200 mg/dl were included in the study.
Patients were randomized to receive MF (500 mg BD) + VG (50 mg BD) or MF (500 mg
BD) + GP (2 mg BD).(Gupta et al., 2015)

Evaluation the efficacy and safety of combinations of empagliflozin/linagliptin as
second-line therapy in subjects with type 2 diabetes inadequately controlled on
metformin. At week 24, reductions in HbAlc (mean baseline 7.90-8.02% [62.8-64.1
mmol/mol]) with empagliflozin/linagliptin were superior to those with empagliflozin or
linagliptin alone as add-on to metformin; adjusted mean (SE) changes from baseline were
-1.19% (0.06) (-13.1 mmol/mol [0.7]) with empagliflozin 25 mg/linagliptin 5 mg, -1.08%
(0.06) (-11.8 mmol/mol [0.7]) with empagliflozin 10 mg/linagliptin 5 mg, -0.62% (0.06)
(-6.8 mmol/mol [0.7]) with empagliflozin 25 mg, -0.66% (0.06) (-7.2 mmol/mol [0.7])
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with empagliflozin 10 mg, and -0.70% (0.06) (-7.6 mmol/mol [0.7]) with linagliptin 5 mg
(P < 0.001 for all comparisons). In these groups, respectively, 61.8, 57.8, 32.6, 28.0, and
36.1% of subjects with baseline HbAlc >7% (=53 mmol/mol) had HbAlc <7% (<53
mmol/mol) at week 24. Efficacy was maintained at week 52. The proportion of subjects
with adverse events (AEs) over 52 weeks was similar across treatment arms (68.6-

73.0%), with no hypoglycemic AEs requiring assistance.(DeFronzoet al., 2015)

Some patients with type 2 diabetes mellitus (T2DM) receiving monotherapy with a
sulfonylurea (SU) are unable to meet recommended glycemic targets over the long term
and require additional pharmacologic agents to maintain glycemic control. The utility of
adjunctive therapy with the dipeptidyl peptidase (DPP)-4 inhibitor linagliptin in patients
with T2DM inadequately controlled with SU monotherapy. The efficacy and tolerability
of linagliptin as add-on therapy in patients with inadequately controlled T2DM despite
background therapy with SU.Mean baseline characteristics were similar in the linagliptin
and placebo groups. Linagliptin treatment was associated with a placebo-corrected mean
(95% CI) change in HbA(1c) from baseline (8.6%) to 18 weeks of -0.47% (-0.70 to -0.24;
P < 0.0001). Patients in the linagliptin group were more likely compared with placebo to
achieve the HbA(1c) target level of <7.0% after 18 weeks of treatment (15.2% vs 3.7%,
respectively; odds ratio [OR] = 6.5; 95% CI, 1.7-24.8; P = 0.007). Similarly, patients in
the linagliptin group were more likely to achieve an HbA(1c) reduction of >0.5%
compared with those in the placebo group (57.6% vs 22.0%; OR = 5.1, 95% CI 2.7-9.6; P
< 0.0001). The overall frequency of adverse events was similar between the linagliptin
and placebo groups (42.2% vs 42.9%). The incidences of hypoglycemic events were not
significantly different between the 2 groups (5.6% vs 4.8%), and none of the
hypoglycemic episodes were assessed as severe by the investigator. The difference in the
changes in mean body weight was not significant (+0.43 vs -0.01 kg; P = 0.12).

(Lewinet al., 2012)

Obtaining the suggested glycemic control is the most important achievement in order to
prevent cardiovascular complications in patients with type 2 diabetes. Monotherapy often
fails after a period of treatment, so that multiple drugs are needed to achieve effective
glycemic control. A number of oral glucose lowering drugs is now available such as

metformin, sulfonylureas, non-sulfonylureas secretagogues (metiglinides derivatives),
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alpha-glucosidases inhibitors, and the newest agent: thiazolidinediones (TZD). The
possible associations of oral glucose lowering drugs for optimal treatment of type 2
diabetes are briefly reviewed. In particular, the effects of different classes of drugs on
cardiovascular risk factors (and particular hypertension and dyslipidemia) and well
recognized cardiovascular disease markers in type 2 diabetes are analyzed: in this context
TZD appear the more innovative drugs and have been shown to play a key role in the
management of hypertension, dyslipidemia, inflammation and endothelial disfunction in
diabetic patients. The possible adverse effects derived from the association of different

drug classes are also considered.(Derosaet al., 2007)

The efficacy, safety and tolerability of linagliptin or placebo administered for 24 weeks in
combination with pioglitazone in patients with type 2 diabetes mellitus (T2DM) exhibited
insufficient glycemic control (HbAlc 7.5-11.0%).Patients were randomized to receive the
initial combination of 30 mg pioglitazone plus 5 mg linagliptin (n = 259) or pioglitazone
plus placebo (n = 130), all once daily. The primary endpoint was changed from baseline
in HbAlc after 24 weeks of treatment, adjusted for baseline HbAlc and prior antidiabetic

medication.

After 24 weeks of treatment, the adjusted mean change (zs.e.) in HbAlc with the initial
combination of linagliptin plus pioglitazone was -1.06% (+0.06), compared with -0.56%
(x0.09) for placebo plus pioglitazone. The difference in adjusted mean HbAlc in the
linagliptin group compared with placebo was -0.51% (95% confidence interval [CI] -0.71,
-0.30; p < 0.0001). Reductions in fasting plasma glucose (FPG) were significantly greater
for linagliptin plus pioglitazone than with placebo plus pioglitazone; -1.8 and -1.0
mmol/l, respectively, equating to a treatment difference of -0.8 mmol/l (95% CI -1.2, -
0.4; p < 0.0001). Patients taking linagliptin plus pioglitazone, compared with those
receiving placebo plus pioglitazone, were more likely to achieve HbAlc of <7.0% (42.9
vs. 30.5%, respectively; p = 0.0051) and reduction in HbAlc of >0.5% (75.0 vs. 50.8%,
respectively; p < 0.0001). B-cell function, exemplified by the ratio of relative change in
adjusted mean HOMA-IR and disposition index, improved. The proportion of patients
that experienced at least one adverse event was similar for both groups. Hypoglycaemic
episodes (all mild) occurred in 1.2% of the linagliptin plus pioglitazone patients and none

in the placebo plus pioglitazone group.(Gomiset al., 2011)
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The objective of this study was to compare the effects of gliclazide/metformin on
glycemic control in patients with Type 2 diabetes mellitus uncontrolled on monotherapy
with sulfonylurea or metformin. This was a prospective, open-labeled, multicentric study
over 12 weeks. Patients who were diagnosed of Type 2 diabetes and were uncontrolled on
monotherapy with oral hypoglycemic agents, including gliclazide and metformin,
characterized by HbAlc 7% or greater and 10% or less and fasting plasma glucose (FPG)
140 mg/dL or greater were enrolled in this study. The treatment regimen was started at 80
mg gliclazide plus 500 mg metformin once a day and was titrated to the next dose level
depending on the clinician's judgment, not exceeding a total daily dose of 320 mg
gliclazide and 2000 mg metformin. Changes from baseline HbAlc, FPG, and postprandial
glucose were examined. After 12-weeks treatment, the gliclazide + metformin
combination showed improvement in metabolic control as assessed by changes in HbAlc,
FPG, and postprandial glucose. The primary efficacy parameter, HbAlc, was
significantly reduced to 7.35 + 1.10 at the end of treatment from the baseline value (8.51
1+ 0.77) (P < 0.001). A total of 84.35% of patients showed a 0.5% or greater reduction in
HbA1c and 37.39% of patients reported less than 7% HbALc at the end of therapy. FPG
and postprandial glucose were significantly reduced at the end of therapy as compared
with baseline values (P < 0.001). Moreover, the lipid profile was also improved during
the treatment period. The addition of gliclazide to metformin is an effective treatment for
patients inadequately controlled on sulfonylurea or metformin alone. A combination of
gliclazide with metformin achieves good glycemic control and improves lipid levels with
better tolerability profile.(Pareek et al.,2010)

The effects of nateglinide plus metformin with gliclazide plus metformin on glycaemic

control in patients with Type 2 diabetes was compared.

HbAl1c was significantly (P < 0.001) decreased from baseline in both treatment groups
(mean changes: nateglinide -0.41%, gliclazide -0.57%), but with no significant difference
between treatments. Proportions of patients achieving a reduction of HbAlc >or= 0.5% or
an end point HbAlc < 7% were also similar (nateglinide 58.1%, gliclazide 60.2%).
Changes from baseline in FPG were similarly significant in both treatment groups
(nateglinide -0.63, gliclazide -0.82 mmol/l). Reduction from baseline in maximum

postprandial glucose excursion were significant in the nateglinide group only (nateglinide
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-0.71, gliclazide -0.10 mmol/I; P = 0.037 for difference). Postprandial insulin levels were
significantly higher with nateglinide compared with gliclazide. The overall rate of
hypoglycaemia events was similar in the nateglinide group compared with the gliclazide
group.(Risticet al.2006)

Patients with poorly controlled type 2 diabetes (HbAlc > or = 7.5% to < or =11.0%)
received either pioglitazone 15 mg o.d. (titrated up to 45 mg; n = 317) or gliclazide 80 mg
o.d. (titrated up to 320 mg; n = 313) and metformin at the pre-study dose were
investigated. HbAlc, fasting plasma glucose (FPG), insulin, lipids and the urinary

albumin/creatinine ratio were measured.

There were no significant differences in HbAlc (1% decrease in both groups) and FPG
between groups. There was a decrease in fasting insulin in the pioglitazone group
compared to an increase in the gliclazide group (p < 0.001). There were significantly
greater improvements in triglycerides and HDL-cholesterol in the metformin plus
pioglitazone group compared to the metformin plus gliclazide group (p < 0.001). Mean
LDL-cholesterol decreased with metformin plus gliclazide and increased with metformin
plus pioglitazone (p < 0.001); however, this increase was considerably less marked than
that in HDL-cholesterol. The mean urinary albumin/creatinine ratio was reduced by 10%
in the metformin plus pioglitazone group compared to an increase of 6% in the metformin
plus gliclazide group (p = 0.027). The incidence of adverse events was comparable

between groups and both combinations were well tolerated.(Matthewset al., 2005)

High blood glucose level, lipid profile disturbances and plasma homocysteine (Hcy) are
important risk factors for cardiovascular diseases in patients with type 2 diabetes. This
study was conducted to evaluate and compare effects of glimepiride/metformin
combination versus gliclazide/metformin combination on cardiovascular risk factors in
type-2 diabetes mellitus (T2DM) patients. One hundred and eighty T2DM patients were
randomly allocated for treatment with placebo (control), metformin (500 mg twice daily),
glimepiride (3mg once daily), gliclazide (80 mg once daily), metformin plus glimepiride
or metformin plus gliclazide for 3 months. Plasma levels of glucose (PG), glycated
hemoglobin (HbAL1C), Hcy, vitamin B12, folic acid and lipid profile before treatment and
3 months post treatment were evaluated. Compared to metformin treated patients,

glimepiride plus metformin induced significant reductions in: fasting plasma glucose,
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postprandial PG level, HbA1C % and Hcy level. Conversely, plasma folic acid and
vitamin B12 were significantly increased. The levels of total cholesterol and triglyceride
were significantly decreased; low-density lipoprotein was markedly decreased, whereas
high-density lipoprotein was significantly increased and hence risk ratio was significantly
decreased. Similar results but with lower values were obtained using combination of
metformin plus gliclazide on glycemic control only. Combination of glimepiride with
metformin was superior to gliclazide plus metformin in alleviating the cardiovascular risk

factors in type 2 diabetes mellitus patients.(Hassanet al.,2025)

Diabetes mellitus is a major public health problem globally and is associated with macro

and microvascular problems. This is a leading cause of chronic kidney disease.

Metformin is the initial pharmacological agent for type 2 diabetes treatment. This drug
acts mainly by decreasing hepatic glucose production, increasing peripheral glucose
uptake, improving glucose tolerance and lowering fasting and postprandial plasma
glucose. The prescription of metformin is contraindicated in DKD because it undergoes
renal excretion and its most serious adverse effect is the development of lactic acidosis,
although this is a very rare occurrence, with approximately 5 cases per 100,000 patient-
years. A current United Kingdom (UK) guideline on the treatment of T2DM allows
metformin use up to a GFR of 30 mL/min/1.73 m? with dose reduction advised at 45
mL/min/1.73 m?. In the USA, metformin is contraindicated for men with serum creatinine
>1.5 mg/dL and for women with serum creatinine >1.4 mg/dL. New evidence from the
literature suggests that patients with mild-to-moderate DKD face more benefits than risks

while using metformin.

Sulfonylureas (SUs) are drugs that stimulate endogenous insulin secretion by pancreatic 8
cells. These drugs may potentially cause hypoglycemia, especially in association with
high doses; omission or reduction of carbohydrate intake; alcohol abuse; hepatic
dysfunction; heart failure; malnutrition; advanced age; and interactions with certain drugs
that displace SUs from their plasma protein-binding sites because one or more of their
metabolites may accumulate, resulting in an increased risk of hypoglycemia. Several
drugs are included in this class. Glipizide is metabolized by the liver into several inactive
metabolites and its clearance and elimination half-life are not affected by a reduction in

the estimated GFR (eGFR), so dose adjustments are not necessary in patients with CKD.
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“Therefore, glipizide is the SU of choice in patients with CKD. Glibenclamide and
glyburide are each metabolized by the liver and are eliminated equally in the bile and
urine. Hypoglycemic episodes may be severe in patients with renal failure, and the drugs
are contraindicated from stage 3 of CKD (eGFR<60 mL/min). Meanwhile, glimepiride is
metabolized by the liver into two main metabolites, one of which has hypoglycemic
activity. In patients with renal impairment, these metabolites can accumulate.
Nevertheless, glimepiride is associated with less hypoglycemia compared with glyburide,
although its use should be avoided in patients with a GFR of <60 mL/min. Finally,
gliclazide has inactive metabolites that are eliminated mainly in the urine (80%) and
presents a lower risk of severe hypoglycemia than glibenclamide and glimepiride do. This
drug can be considered in renal impairment if appropriate attention is paid to the dose.
However, use should be avoided if the GFR falls to <40 mL/min. (Carolinaet al., 2016)

Different combination of oral antidiabetic drugs are used to treat diabetes. In BIRDEM
hospital patients are prescribed with different combination agents to treat Type 2 diabetes.
To evaluate the safety of the combination agents on renal function, this study was carried

out in 200 patients treated with combination antidiabetic drugs.
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4.1Methods and Inclusion criteria of patients

Prescription was collected from Diabetic Books of the patients enrolled in angladesh
Institute of research & Rehabilitation in Diabetes, Endocrine and Metabolic Disorders
(BIRDEM). Two hundred patients with type 2 diabetes was included in this study. Their
prescription was collected from outpatient department. The age of the patients was
between 35 and 60 years.

Camera or Mobile phone camera was used to collect the data. Windows 2010(Microsoft

Excel) andGraphPad Prism 6 were used to analyze the data.

4.2Sample characteristics
The sample was collected from the BIRDEM hospital, Shahabag, Dhaka from 15th March
to 15th December 2016. All the prescriptions were collected retrospectively from the

outpatients department.

4.3Exclusion criteria
» Age more than 70 years
> Type 1 diabetes patients
» Gestational diabetes patients

4.4Procedure

The study was performed by completing 3 stages of the procedure. In the beginning
literature review was done from online literatures regarding diabetic treatment on
prescription basis. The aim of the literature review was to observe the situations of
prescribing combination and single anti diabetic drugs of patients. Followed by the
literature review data collection step was executed by collecting data with the help of
diabetic treatment on prescription basis. Data regarding treatment given to the diabetic
patients were collected from the prescription retrospectively from BIRDEM hospital
Shahabag, Dhaka.
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Table 1: Mean Fasting Blood Sugar (mmol/L) and Creatinine level
(mg/dl) of Patients treated with combination metformin + gliclazide and

other drugs

Metformin+ Gliclazide | Other Combination P
Age in years 46.64+7.393 44.3+9.805 0.1644
FBG (mmol/L) 8.58 + 2.300 9.485 +4.300 0.777
Serum creatinine | 1.919 + 2.691 1.009 £ 0.3210 0.696
(mg/DI)

Table 1 shows mean value with SD of metformin with gliclazide and other antidiabetic
drug.

The age (years) of patients of metformin + gliclazide group was 46.64+7.393 and other
antidiabetic drugs group was 44.3+9.805. No significant difference was observed
between the groups (p=0.1644). The FBG of patients treated with metformin + gliclazide
was 8.58+2.300and other combination was 9.485+4.300. There was no significant
difference between two groups (p=0.7773). The serum creatinine level of patients treated
with metformin + gliclazide was 1.919+2.691and with other combination was
1.009+0.3210. There was no significant difference(p=0.6964)when compared between the

groups.
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Table 2: Mean Fasting Blood Sugar and Creatinine level of Patients

treated with different combination of antidiabetic drugs

Metformin Metformin

HCI+Gliclazide HCl+Insulin P
Age in years 46.64+7.393 43.95+9.761 0.2381
FBG (mmol/L) 8.58+2.300 10.2+3.836 0.0603
Serum
creatinine
(mg/dL) 1.919+2.691 0.9538+0.2943 0.4330

Table 2showsthe Age of the patients, FBG (mmol/L) and serum creatinine level (Mean
with SD) of metformin with gliclazide and metformin with insulin groups.The age of the
patients treated with metformin and gliclazide combination was 46.64+7.393 and
metformin and insulincombination was 43.95+9.761, there was no significant
difference(p=0.2381).

The FBG 8.58+2.300 of patients treated with metformin + gliclazide was 8.58+2.300. The
FBG of patient treated with metformin + insulin was 10.2+3.836. There was no
significant difference (p=0.0603). The serum creatinine level was 1.919+2.691 mg/dL in
patients treated with metformin + gliclazide and0.9538+0.2943 mg/dL in patients treated
with metformin + insulin.There was no significant difference(p=0.4330) between two

groups.
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Fig 1: Mean age (years) of patients

| T

Mean age in years

Figure 1 shows the mean age of the patients treated with metformin with gliclazide;

metformin with insulin and other antidiabetic drugs.

The age (years)of patients of metformin + gliclazide group was 46.64+7.393 and
metformin + insulingroup was 43.95+9.761 andthe antidiabetic drugs was 44.3+9.805.
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Fig 2: % Female and Male of Type 2 diabetic
patients in Metformin and Insulin group (n=45)

B Female

H Male

Fig 2 shows % distribution of male and female patients in metformin and insulin group.

Twenty three percent patients are male and 77% female.
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Fig 3: % Male and Female Type 2 diabetes
partients in Metformin and Gliclazide
group (n= 27)

H Male

B Female

This figure (Fig 3) shows % distribution of male and female patients in metformin and
gliclazide group. In this group 37% patients are male and 63% are female.
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Fig 4: Mean blood pressure (mmHg) of male and
female patients in Metformin and insulin group
(n=45)
160
140

120
100
80
60
40
20
0
1 2

H Female H Male

This figure (Fig 4) shows the mean blood pressure of male and female patients treated
with metformin and insulin.The mean blood pressure of female was 130/80 mmHg and
male was 135/78 mmHg.
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Fig 5: Mean blood pressure (mmHg) of male
and female patients in Metformin and
Gliclazide group (n=45)
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This figure shows the mean blood pressure of male and female patients treated with
metformin and gliclazide. The mean blood pressure of female was 128/80 mmHg and
male was 121/76 mmHg.
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6.1 Discussion and Conclusion

The present study was conducted to provide real-life data regarding the effect of
metformin with gliclazide compared to other OADSs in combination with metformin in the
treatment of T2DM. Gliclazide is a free combination with metformin. About 200 patients
with T2DM were enrolled into this study. The observation was on age,fasting blood
glucose,serum creatinine level of patients taking metformin with gliclazide comparing
with metformin with insulin and other antidiabetic drugs. There was no significant

difference of FBG and Creatinine level between different combinations.

The effects of gliclazide/metformin on glycemic control in patients with Type 2 diabetes
mellitus was evaluated. The treatment regimen was started at 80 mg gliclazide plus 500
mg metformin once a day and was titrated to the next dose level depending on the
clinician's judgment, not exceeding a total daily dose of 320 mg gliclazide and 2000 mg
metformin. Changes from baseline HbAlc, FPG, and postprandial glucose were
examined. After 12-weeks treatment, the gliclazide + metformin combination showed
improvement in metabolic control as assessed by changes in HbAlc, Fasting plasma
glucose (FPG), and postprandial glucose. Moreover, the lipid profile was also improved
during the treatment period. The addition of gliclazide to metformin is an effective
treatment for patients inadequately controlled on sulfonylurea or metformin alone. A
combination of gliclazide with metformin achieves good glycemic control and improves
lipid levels with better tolerability profile. (Pareek et al.,2010). Our study also showed a
better glycemic control in patients with Type 2 diabetes. Nephropathy screening in
diabetes patients is recommended on an annual basis for patients suffering from Type 2
diabetes. This screening should start 5 years after the onset of diabetes. Because
development of microvascular complication typically takes 5 years. For Type 2 diabetes
patients screening of nephropathy should begin just after onset of diabetes. Because exact
onset of diabetes is often unknown. Diabetes nephropathy can be detected by measuring
on urine albumin or serum creatinine level. Diabetic nephropathy is a major
complications in some patients with diabetes (Allison J. Hahr etal., 2015). Therefore,
strict control of blood glucose level is essential to prevent or delay the onset of diabetic
nephropathy. A number of antidiabetic medications are available in the market. However,

only a few can be used safely in diabetic patients in chronic kidney disease. There may be
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a need for adjustment in dosing of the antidiabetic medications in such patients. Our
result showed that that creatinine level of Metformin and Gliclazide combination was not

significantly different when compared with other combination drugs.

Metformin has been recommended by the American Diabetes Association as the first line
antidiabetic drug. Monotherapy often fails to achieve the effective glycemic control for
treating Type 2 diabetes. If adequate blood glucose control is not attained using a single
oral agent, a combination of agent may result in better glycemic control. Better control of
diabetes is essential for each of the patients to reduce the risk of diabetes related
complications. In our study the fasting blood level of Type 2 diabetes was 8.58+2.300
mmol/L inMetformin and Gliclazide combination group. It shows that this combination
effectively control the FBG in our study patients. The blood pressure of male and female

diabetic patients in Metfomin and Gliclazide group is within the normal range.

The overall safety and efficacy of metformin in combination with gliclazide is same while
comparing others combination like metformin with insulin or metformin with
sitagliptin.There is no significant effect on serum creatinine level of patient taking

metformin with gliclazide.

Therefore In conclusion, the work presented in this thesis contributes the information that
metformin with gliclazide is an effective and well-tolerated treatment in type 2 diabetes

treatment.
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