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INTRODUCTION 

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.
[1]

 

Symptoms of high blood sugar include frequent 

urination, increased thirst, and increased hunger. If left 

untreated, diabetes can cause many complications.
[2]

 

Acute complications can include diabetic ketoacidosis, 

nonketotic hyper osmolar coma, or death.
[3]

 Serious long-

term complications include heart disease, stroke, chronic 

kidney failure, foot ulcers, and damage to the eyes.
[2]

 

Diabetes is due to either the pancreas not producing 

enough insulin or the cells of the body not responding 

properly to the insulin produced.
[4]

  There are three main 

types of diabetes mellitus. 

 

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.
[2]

 Type 2 DM 

begins with insulin resistance, a condition in which cells 

fail to respond to insulin properly.
[2]

 As the disease 

progresses a lack of insulin may also develop.
[5]

 This 

form was previously referred to as "non insulin-

dependent diabetes mellitus" (NIDDM) or "adult-onset 

diabetes". The most common cause is excessive body 
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ABSTRACT 

The term diabetes includes several different metabolic disorders that all, if left untreated, result in abnormally high 

concentration of a sugar called glucose in the blood. Diabetes mellitus type 1 result when the pancreas no longer 

produces significant amounts of the hormone insulin, usually owing to the autoimmune destruction of the insulin-

producing beta cells of the pancreas. Diabetes mellitus type 2, in contrast, is now thought to result from 

autoimmune attacks on the pancreas and/or insulin resistance. The pancreas of a person with type 2 diabetes may 

be producing normal or even abnormally large amounts of insulin. Other forms of diabetes mellitus, such as the 

various forms of maturity onset diabetes of the young, may represent some combination of insufficient insulin 

production and insulin resistance. Some degree of insulin resistance may also be present in a person with type 1 

diabetes. The main goal of diabetes management is, as far as possible, to restore carbohydrate metabolism to a 

normal state. To achieve this goal, individuals with an absolute deficiency of insulin require insulin replacement 

therapy, which is given through injections or an insulin pump. Insulin resistance, in contrast, can be corrected by 

dietary modifications and exercise. Other goals of diabetes management are to prevent or treat the many 

complications that can result from the disease itself and from its treatment. Diabetes mellitus is associated with a 

marked increased of cardiovascular events. The treatment strategy of diabetes has to be based on the knowledge of 

its pathophysiology. Thus, insulin is essential for treatment of type 1 diabetic patients because there is a defect in 

insulin secretion. However, treatment of type 2 diabetic patients is more complex because a defect in both insulin 

secretion and insulin action exists. Therefore, the treatment selection will depend on the stage of the disease and 

the individual characteristics of the patient. Management of patients with Type 2 diabetes mellitus (T2DM) 

demands a comprehensive approach which includes diabetes education, an emphasis on life style modification, 

achievement of good glycemic control, minimization of cardiovascular risk, and avoidance of drugs that can 

aggravate glucose or lipid metabolism, and screening for diabetes complications. Comprehensive diabetes 

management can delay the progression of complication and maximize the quality of life. Acquiring knowledge 

about diabetes is an essential part of diabetes management, and even more important is to make the patient aware 

of this chronic disease. "For a diabetic patient, knowledge and understanding are not a part of treatment they are 

the treatment". 

 

KEYWORDS: Diabetes mellitus, autoimmune, glycemic control, cardiovascular risk etc. 
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weight and not enough exercise.
[2]

 Gestational diabetes is 

the third main form and occurs when pregnant women 

without a previous history of diabetes develop high 

blood sugar levels.
[2] 

 

Prevention and treatment involve maintaining a healthy 

diet, regular physical exercise, a normal body weight, 

and avoiding use of tobacco. Control of blood pressure 

and maintaining proper foot care are important for 

people with the disease. Type 1 DM must be managed 

with insulin injections.
[2]

 Type 2 DM may be treated with 

medications with or without insulin.
[6]

  Insulin and some 

oral medications can cause low blood sugar.
[7]

 Weight 

loss surgery in those with obesity is sometimes an 

effective measure in those with type 2 DM.
[8]

 Gestational 

diabetes usually resolves after the birth of the baby.
[9]

 

 

Signs and symptoms 

The classic symptoms of untreated diabetes are weight 

loss, polyuria (increased urination), polydipsia (increased 

thirst), and polyphagia (increased hunger).
[10]

  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 

dermadromes. 

 
Fig: Overview of the most significant symptoms of diabetes. 

 

Diabetic emergencies 

Low blood sugar is common in persons with type 1 and 

type 2 DM. Most cases are mild and are not considered 

medical emergencies. Effects can range from feelings of 

unease, sweating, trembling, and increased appetite in 

mild cases to more serious issues such as confusion, 

changes in behaviour such as aggressiveness, seizures, 

unconsciousness, and (rarely) permanent brain damage 

or death in severe cases.
[11, 12]

 Moderate hypoglycaemia 

may easily be mistaken for drunkenness
[13]

 rapid 

breathing and sweating, cold, pale skin are characteristic 

of hypoglycaemia but not definitive.
[14]

  Mild to 

moderate cases are self-treated by eating or drinking 

something high in sugar. Severe cases can lead to 

unconsciousness and must be treated with intravenous 

glucose or injections with glucagon.[citation needed]. 

People (usually with type 1 DM) may also experience 

episodes of diabetic ketoacidosis, a metabolic 

disturbance characterized by nausea, vomiting and 

abdominal pain, the smell of acetone on the breath, deep 

breathing known as Kussmaul breathing, and in severe 

cases a decreased level of consciousness. A rare but 

equally severe possibility is hyperosmolar nonketotic 
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state, which is more common in type, 2 DM and is 

mainly the result of dehydration.
[15]

 

 

Complications 

All forms of diabetes increase the risk of long-term 

complications. These typically develop after many years 

(10–20) but may be the first symptom in those who have 

otherwise not received a diagnosis before that time. The 

major long-term complications relate to damage to blood 

vessels. Diabetes doubles the risk of cardiovascular 

disease
[16]

 and about 75% of deaths in diabetics are due 

to coronary artery disease.
[17]

 Other "macro vascular" 

diseases are stroke, and peripheral vascular disease. 

 

The primary complications of diabetes due to damage in 

small blood vessels include damage to the eyes, kidneys, 

and nerves. Damage to the eyes, known as diabetic 

retinopathy, is caused by damage to the blood vessels in 

the retina of the eye, and can result in gradual vision loss 

and blindness. Damage to the kidneys, known as diabetic 

nephropathy, can lead to tissue scarring, urine protein 

loss, and eventually chronic kidney disease, sometimes 

requiring dialysis or kidney transplant. Damage to the 

nerves of the body, known as diabetic neuropathy, is the 

most common complication of diabetes.
[18]

 The 

symptoms can include numbness, tingling, pain, and 

altered pain sensation, which can lead to damage to the 

skin. Diabetes-related foot problems (such as diabetic 

foot ulcers) may occur, and can be difficult to treat, 

occasionally requiring amputation. Additionally, 

proximal diabetic neuropathy causes painful muscle 

wasting and weakness. There is a link between cognitive 

deficit and diabetes. Compared to those without diabetes, 

those with the disease have a 1.2 to 1.5-fold greater rate 

of decline in cognitive function.
[19]

 Being diabetic, 

especially when on insulin increases the risk of falls in 

older people.
[20] 

 

Types 

Diabetes mellitus is classified into four broad categories: 

type 1, type 2, gestational diabetes, and "other specific 

types".
[4]

 The "other specific types" are a collection of a 

few dozen individual causes.
[4]

 Diabetes is a more 

variable disease than once thought and people may have 

combinations of forms.
[21]

 The term "diabetes", without 

qualification, usually refers to diabetes mellitus. 

 

Type 1: Type 1 diabetes mellitus is characterized by loss 

of the insulin-producing beta cells of the islets of 

Langerhans in 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-mediated 

autoimmune attack leads to the loss of beta cells and thus 

insulin.
[22]

 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. 

 

"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.
[23]

 Still, type 1 diabetes can 

be 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 counter regulatory 

response to low blood sugar, infection, gastro paresis 

(which leads to erratic absorption of dietary 

carbohydrates), and endocrinopathies (e.g., Addison's 

disease)
[23]

 These phenomena are believed to occur no 

more frequently than in 1% to 2% of persons with type 1 

diabetes.
[24] 

 

Type 1 diabetes is partly inherited, with multiple genes, 

including certain HLA genotypes, known to influence 

the risk of diabetes. The increase of incidence of type 1 

diabetes reflects the modern lifestyle.
[25]

 In genetically 

susceptible people, the onset of diabetes can be triggered 

by one or more environmental factors
[26]

  such as a viral 

infection or diet. Several viruses have been implicated, 

but to date there is no stringent evidence to support this 

hypothesis in humans.
[27]

 Among dietary factors, data 

suggest that gliadin (a protein present in gluten) may 

play a role in the development of type 1 diabetes, but the 

mechanism is not fully understood.
[28, 29] 

 

Type 2: Type 2 DM is characterized by insulin 

resistance, which may be combined with relatively 

reduced insulin secretion.
[4]

 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.[citation needed]. 

Type 2 DM is due primarily to lifestyle factors and 

genetics.
[30]

  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.
[31]

  Dietary factors also influence the risk of 

developing type 2 DM. Consumption of sugar-sweetened 

drinks in excess is associated with an increased risk.
[32, 33]

 

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.
[30]

  Eating lots of white rice also may increase the 

risk of diabetes
[34]

 A lack of exercise is believed to cause 

7% of cases.
[35] 

 

Gestational diabetes: Gestational diabetes mellitus 

(GDM) resembles type 2 DM in several respects, 

involving a combination of relatively inadequate insulin 

secretion and responsiveness. It occurs in about 2–10% 
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of all pregnancies and may improve or disappear after 

delivery. However, after pregnancy approximately 5–

10% of women with gestational diabetes are found to 

have diabetes mellitus, most commonly type 2.
[36]

 

Gestational diabetes is fully treatable, but requires 

careful medical supervision throughout the pregnancy. 

Management may include dietary changes, blood glucose 

monitoring, and in some cases, insulin may be required. 

 

Maturity onset diabetes of the young: Maturity onset 

diabetes of the young (MODY) is an autosomal 

dominant inherited form of diabetes, due to one of 

several single-gene mutations causing defects in insulin 

production.
[37]

 It is significantly less common than the 

three main types. The name of this disease refers to early 

hypotheses as to its nature. Being due to a defective 

gene, this disease varies in age at presentation and in 

severity according to the specific gene defect; thus there 

are at least 13 subtypes of MODY. People with MODY 

often can control it without using insulin. 

 

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 cause. "Type 3 diabetes" has 

been suggested as a term for Alzheimer's disease as the 

underlying processes may involve insulin resistance by 

the brain.
[38]

 

Diabetes Pathophysiology
[39-45]

 

Diabetes occurs when there is a dis-balance between the 

demand and production of the hormone insulin. 

 

Control of blood sugar: When food is taken, it is 

broken down into smaller components. Sugars and 

carbohydrates are thus broken down into glucose for the 

body to utilize them as an energy source. The liver is 

also able to manufacture glucose. 

In normal persons the hormone insulin, which is made by 

the beta cells of the pancreas, regulates how much 

glucose is in the blood. When there is excess of glucose 

in blood, insulin stimulates cells to absorb enough 

glucose from the blood for the energy that they need. 

 

Insulin also stimulates the liver to absorb and store any 

excess glucose that is in the blood. Insulin release is 

triggered after a meal when there is a rise in blood 

glucose. When blood glucose levels fall, during exercise 

for example, insulin levels fall too. 

 

High insulin will promote glucose uptake, glycolysis 

(break down of glucose), and glycogenesis (formation of 

storage form of glucose called glycogen), as well as 

uptake and synthesis of amino acids, proteins, and fat. 

 

Low insulin will promote gluconeogenesis (breakdown 

of various substrates to release glucose), glycogenolysis 

(breakdown of glycogen to release gluose), lipolysis 

(breakdown of lipids to release glucose), and proteolysis 

(breakdown of proteins to release glucose). Insulin acts 

via insulin receptors. 

 

 
Liver Adipose or fat Tissue Muscle 

High insulin 
Glycolysis 

Glycogenesis 
Triglyceride synthesis 

Amino acid uptake 

Protein synthesis 

Low insulin 
Gluconeogenesis 

Glycogenolysis 
Lipolysis Proteolysis 

 

Normal Responses to Eating and Fasting: In a fed 

state: there is increased insulin secretion, causing 

glycolysis, glycogen storage, fatty acid synthesis/storage, 

and protein synthesis. After an overnight fast:  there is 

low insulin and high glucagon that can cause glycogen 

breakdown, hepatic gluconeogenesis, and lipolysis. After 

a prolonged fast:  there is extremely low insulin and low 

glucagon, this causes lipolysis to take over.  Lipids are 

the main fuel source.  Gluconeogenesis is minimized, as 

it causes nitrogen wasting, ammonia build-up, and loss 

of muscle mass. 

 

Hormones: Hormones that raise blood sugar include 

glucagon, epinephrine and norepinephrine, cortisol, 

Growth hormone etc. These hormones are released due 

to stress.  Thus during phases of stress like an infection, 

surgery or pregnancy diabetes control worsens and blood 

sugar rises. 

 

Pathophysiology of type 1 diabetes: In this condition 

the immune system attacks and destroys the insulin 

producing beta cells of the pancreas. There is beta cell 

deficiency leading to complete insulin deficiency. Thus 

is it termed an autoimmune disease where there are anti 

insulin or anti-islet cell antibodies present in blood. 

These cause lymphocytic infiltration and destruction of 

the pancreas islets. The destruction may take time but the 

onset of the disease is rapid and may occur over a few 

days to weeks. There may be other autoimmune 

conditions associated with type 1 diabetes including 

vitiligo and hypothyroidism. Type 1 diabetes always 

requires insulin therapy, and will not respond to insulin-

stimulating oral drugs. 

 

Pathophysiology of type 2 diabetes: This condition is 

caused by a relative deficiency of insulin and not an 

absolute deficiency. This means that the body is unable 

to produce adequate insulin to meet the needs. There is 

Beta cell deficiency coupled with peripheral insulin 
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resistance. Peripheral insulin resistance means that 

although blood levels of insulin are high there is no 

hypoglycaemia or low blood sugar. This may be due to 

changes in the insulin receptors that bring about the 

actions of the insulin. Obesity is the main cause of 

insulin resistance. In most cases over time the patients 

need to take insulin when oral drugs fail to stimulate 

adequate insulin release. 

 

 
Type 1 Diabetes Type 2 Diabetes 

Etiology Autoimmune Peripheral insulin resistance 

Formerly known as IDDM NIDDM or ―adult onset‖ diabetes 

Age of onset Younger Older 

Obesity Rare Common 

Family History Rare Common 

HLA association/Genetic 

association 
Yes No 

Ketosis Yes No 

Insulin resistance No Yes 

Presence of body’s own 

insulin 
No Yes 

Respond to Oral Agents No Yes 

 

Pathophysiology of gestational diabetes 

Gestational diabetes is caused when there are excessive 

counter-insulin hormones of pregnancy. This leads to a 

state of insulin resistance and high blood sugar in the 

mother. There may be defective insulin receptors. 

 

Pathophysiology behind symptoms and complications 

of diabetes 

 Polydipsia or increased thirst is due to high blood 

glucose that raises the osmolarity of blood and 

makes it more concentrated. 

 Polyuria or increased frequency of urination is due 

to excess fluid intake and glucose-induced urination. 

 Weight loss occurs due to loss of calories in urine. 

 Polyphagia or increased hunger due to loss or excess 

glucose in urine that leads the body to crave for 

more glucose. 

 Poor wound healing, gum and other infections due 

to increased blood glucose providing a good source 

of nutrition to microbes and due to a diminished 

immunity. 

 Heart disease – this occurs due to changes in the 

large blood vessels leading to coronary, cerebral, 

and peripheral artery diseases, atherosclerosis, 

dyslipidemia etc. 

 Eye damage – this is termed diabetic retinopathy and 

occurs due to damage of the fine blood vessels of the 

retina in the eye due to long term exposure to high 

blood sugar. 

 Kidney damage – similar damage to small and large 

blood vessels of the kidneys. Initially there is 

proteinuria or increased outflow of protein and may 

lead to end stage renal disease (ESRD). 

 Nerve damage – this can affect the arms and legs 

and is called stocking-glove numbness/tingling. It 

can also affect autonomic functions leading to 

impotence, erectile dysfunction, difficulty in 

digestion or gastroparesis etc. 

 Diabetic foot – this occurs due to peripheral nerve 

damage as well as blood vessel affliction due to long 

term diabetes. Little trauma, sores and blisters go 

unnoticed due to lack of sensation and peripheral 

vascular disease impairs healing and allows 

infection. 

 Diabetic Ketoacidosis is caused in type 1 diabetes 

where there is complete lack of insulin and reliance 

on fatty acids for energy. This uncontrolled lipid 

breakdown leads to formation of ketones and causes 

acidosis and ketonemia. This is a medical 

emergency. 

 Non-Ketotic Hyperosmolarity – this is caused due to 

extreme rise of blood sugar. This is seen in type 2 

diabetics. There is just enough insulin to suppress 

ketone synthesis. The high blood sugar leads to 

excessive concentration or osmolarity of blood 

which in turn leads to dieresis and collapse of the 

blood vessels and cardiovascular shock. This is a 

medical emergency. 

 

Pharmacologic Treatment 
The management of type 1 and 2 diabetes mellitus (DM) 

requires addressing multiple goals, with the primary goal 

being glycemic control. Maintaining glycemic control in 

patients with diabetes prevents many of the 

microvascular and macrovascular complications 

associated with diabetes. When considering appropriate 

pharmacologic therapy, a major factor to consider is 

whether the patient is insulin deficient, insulin resistant, 

or both. Treatment options can be divided into noninsulin 

therapies—insulin sensitizers, secretagogues, alpha 

glucosidase inhibitors, incretins, pramlintide, 

bromocriptine and sodium glucose cotransporter 2 

(SGLT-2) inhibitors—and insulins (insulin and insulin 

analogs). Table 1 lists the noninsulin therapies available 

and Table 2 lists of the insulin therapies.
[46-50] 
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Table 1: Non Insulin Therapies. 

Class Generic name (Brand) Route Comments 

Insulin sensitizers 

Biguanides Metformin (Glucophage) Oral 

Weight loss 

No hypoglycemia 

GI upset 

Thiazolidinediones 
Rosiglitazone (Avandia) 

Pioglitazone (Actos) 
Oral 

Weight gain 

Peripheral edema 

Insulin secretagogues 

Sulfonylureas 

Chlorpropamide (Diabinese) 

Glibenclamide (Glyburide) 

Glimepiride (Amaryl) 

Glipizide (Glucotrol) 

Tolazamide (Tolinase) 

Tolbutamide (Orinase) 

Oral 
Hypoglycemia 

Weight gain 

Glinides 
Nateglinide (Starlix) 

Repaglinide (Prandin) 
Oral Weight gain 

Alpha-glucosidase inhibitors 

 

Acarbose (Precose) 

Miglitol (Glyset) 
Oral 

GI upset 

No hypoglycemia 

Incretins 

GLP-1 receptor agonists 

Short-acting (4-6 hrs) 
Exenatide (Byetta) SC 

Weight loss 

GI upset 

GLP-1 receptor agonists 

Intermediate-acting (24 hrs) 
Liraglutide (Victoza) SC 

Weight loss 

Nausea 

GLP-1 receptor agonists 

Long-acting (7 days) 

Exenatide ER (Bydureon) 

Albiglutide (Tanzeum) 

Dulaglutide (Trulicity) 

SC 
Weight loss 

Nausea 

DPP-4 inhibitors 

Sitagliptin (Januvia) 

Saxagliptin (Onglyza) 

Linagliptin (Tradjenta) 

Alogliptin (Nesina) 

Oral 

No hypoglycemia 

Nasopharyngitis 

Weight neutral 

Pramlintide 

 
Pramlinitide (Symlin) SC 

Weight loss 

GI upset 

Adjunctive tx with insulin 

Rapid-release bromocriptine 

 

Bromocriptine quick-release 

(Cycloset) 
Oral 

Take within 2 hrs of awakening 

Nausea, stuffy nose 

SGLT-2 inhibitors 

 

Canagliflozin (Invokana) 

Dapagliflozin (Farxiga) 

Empagliflozin (Jardiance) 

Oral Polyuria UTIs 

Abbreviations: DPP-4 = dipeptidyl peptidase-4; ER = extended release; GI=gastro intestinal; GLP-1= glucagon-like 

peptide-1; SGLT-2 = sodium-glucose cotransporter-2; SC = subcutaneous injection; UTIs = urinary tract infections. 

 

Insulin Sensitizers: Insulin sensitizers reduce glycemic 

load primarily by improving insulin actions in peripheral 

tissues. Two classes of these oral hypoglycemic drugs 

are available: biguanides and thiazolidinediones. They 

have been shown through more than a decade of clinical 

use to have positive, durable effects in the treatment of 

diabetes. These drug classes can be used as monotherapy 

or in combination with sulfonylurea, insulin, or with 

each other. 

 

Biguanides (Metformin): Metformin was first marketed 

in the 1950s. Its primary mechanism of action is 

suppression of hepatic glucose output, but it also 

enhances insulin sensitivity of muscle and fat. Metformin 

primarily lowers fasting glycemia; however, some 

decreases in postprandial glucose concentrations, 

especially after the midday meal, are seen. 

 

Metformin is well tolerated, with the most common side 

effect being gastrointestinal (GI) complaints, such as 

diarrhea, nausea, and abdominal discomfort, and a 

metallic taste. All of these symptoms improve with time 

and dose reduction. Metformin causes a small increase in 

basal and postprandial lactate concentrations in the 

blood, which can produce rare but life-threatening lactic 

acidosis (<1 in 100,000).
[51, 52]

 It is best to avoid 
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metformin use in patients with hepatic impairment. 

Metformin is contraindicated in males with a serum 

creatinine 1.5 mg/dL or higher and in females with a 

level 1.4 mg/dL or higher.
[52] 

 

A major benefit of metformin is that it usually does not 

lead to hypoglycemia when used as monotherapy. It can 

lead to weight loss, and it has been shown to decrease 

plasma triglycerides concentration by 10% to 20%.
[52] 

 

Dosing is typically twice daily, but it can be dosed three 

times daily; the extended-release formulation is dosed 

once daily. The typical metformin starting dose is 500 

mg/day with a maximum dose of 2,550 mg/day. Gradual 

titration of metformin, starting at 500 mg with breakfast 

and increasing by 500 mg in weekly intervals until 

reaching a maximum dose of 1,000 mg with breakfast 

and dinner, helps prevent GI side effects.
[52-55] 

 

Thiazolidinediones: Thiazolidinediones (TZDs) are 

agonists of peroxisome proliferator-activated receptor 

gamma. They primarily enhance sensitivity of muscle 

and fat, and, mildly, the liver, to exogenous and 

endogenous insulin. These effects lower fasting and 

postprandial blood glucose levels. 

 

Major side effects include weight gain, with an increase 

in subcutaneous adiposity and fluid retention, which 

typically manifests as peripheral edema although heart 

failure has occurred on occasion. These effects are 

mostly seen at higher doses. As a result, these agents 

should be avoided in patients with functional class III or 

IV heart failure. 

 

Dosing is once daily. It takes 2 to 12 weeks for TZDs to 

become fully effective. For rosiglitazone, the starting 

dose is 4 mg/day and maximum dose is 8 mg/day. For 

pioglitazone, the starting dose is 7.5 mg/day and the 

maximum dose is 45 mg/day.
[56, 54,55-58] 

 

Insulin Secretagogues: Insulin secretagogues stimulate 

secretion of insulin from the pancreas, thereby enhancing 

glucose uptake by muscles and fat and decreasing 

hepatic glucose production. Two types of secretagogues 

are marketed: sulfonylureas and glinides. 

 

Sulfonylureas: Sulfonylureas lower fasting and 

postprandial glucose levels. The main adverse effects are 

weight gain (about 2 kg a few months after initiation) 

and hypoglycemia. Hypoglycemia episodes can be 

significant, leading to need for medical care, coma, or 

seizure, and are seen more often in the elderly. Benefits 

include a 25% reduction in microvascular complications 

with or without insulin, as noted in the United Kingdom 

Prospective Diabetes Study (UKPDS). Dosing is 

typically once or twice daily. Caution should be used in 

patients with liver or kidney dysfunction or in those who 

often skip meals.
[60, 54, 61] 

 

Glinides: Glinides work in a manner similar to 

sulfonylureas; however, they have a more rapid onset of 

action and shorter duration, so they are a good option for 

patients with erratic timing of meals. Also, the 

hypoglycemia risk is lower than with sulfonylureas, but 

they have a similar-to-lower risk of weight gain after 

initiating therapy. Caution must be used in patients with 

liver dysfunction. Dosing is before meals.
[56] 

 

Alpha-Glucosidase Inhibitors: Alpha-glucosidase 

inhibitors competitively block the enzyme alpha 

glucosidase in the brush borders of the small intestine, 

which delays absorption of carbohydrates (absorbed in 

the mid and distal portions of the small intestine instead). 

They primarily target postprandial hyperglycemia but do 

it without causing hypoglycemia. GI complaints, such as 

bloating, abdominal cramps, flatulence, and diarrhea, are 

the main side effects. Use should be avoided in patients 

with severe hepatic or renal impairment. Dosing must 

occur before carbohydrate-containing meals.
[54, 55, and 56] 

 

Incretins: Incretin-based therapies are available as 

injections (GLP-1 analogs) or oral formulations (DPP-4 

inhibitors). These therapies differ slightly in their 

mechanisms of actions, as described in the following 

sections. All incretin-based medications carry an 

increased risk of acute pancreatitis. Patients must be 

warned about this risk and be advised to stop taking 

these medications and to seek medical evaluation if acute 

abdominal pain develops. These medications should not 

be given to individuals who have a history of medullary 

thyroid carcinomas or have multiple endocrine neoplasia 

type 2. This restriction is based on increased incidences 

of thyroid C-cell tumors observed with these medications 

in murine models. So far, no increased risk in humans 

has been observed. Nevertheless, the above groups of 

individuals should not use these medications. 

 

GLP-1 Receptor Agonists
[56, 58]

 

(Short-Acting (4-6 hrs) 

Exenatide is a synthetic form of exendin 4, a hormone 

found in the saliva of the Gila monster, which mimics 

glucagon-like peptide-1 (GLP-1). GLP-1 is produced in 

the small intestine. It stimulates insulin secretion and 

inhibits glucagon secretion and hepatic glucose 

production in a glucose-dependent manner. It also delays 

gastric emptying and suppresses appetite through central 

pathways. It primarily decreases postprandial blood 

glucose levels; however, a moderate reduction in fasting 

blood glucose levels also can be seen. Due to its delaying 

effects on gastric emptying, the major side effects are GI 

complaints of nausea, vomiting, and diarrhea. 

Hypoglycemia does not occur when exenatide is used as 

monotherapy or with metformin, but it does occur when 

exenatide is combined with a sulfonylurea. Benefits 

include weight loss up to 2 to 3 kg in the first 6 months 

and up to 5.5 kg in the first 2 years. 
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Dosing is twice daily by subcutaneous injection. The 

initial starting dose is 5 µg. If this dose is tolerated, 

titrate after 1 month to 10 µg. 

 

Intermediate-Acting (24 hrs) 

Liraglutide is a GLP-1 analogue derived from human 

GLP-1. It is administered once a day as a subcutaneous 

injection from its pen device. Timing is independent of 

meals. Half-life is about 13 hours. Its beneficial effects 

and side effects are similar to those of exenatide, but it 

may be slightly more powerful in its actions. The initial 

dose is 0.6 mg/day for a week. If there are no side 

effects, the dose is increased to 1.2 mg/day (the dose at 

which most clinical benefits are seen). For most patients, 

dose will be increased to 1.8 mg/day after another week 

if there are no side effects. 

 

Long-Acting (7 days) 

Exenatide also is available as a once per week injection, 

supplied as a kit containing 2 mg of extended-release 

exenatide. If a dose is missed, it should be administered 

as soon as noticed provided that next dose is scheduled 3 

or more days later. Albiglutide is a newer GLP-1 analog 

that has a half-life of 4 to 7 days. It is given as 30 or 50 

mg weekly injections. Dulaglutide is another long-acting 

GLP-1 analog. It is given as 0.75 and 1.5 mg weekly 

injections. 

 

DPP-4 Inhibitors: Dipeptidyl peptidase-4 (DPP-4) is a 

cell membrane protein that rapidly degrades GLP-1 and 

glucose-dependent insulinotropic polypeptide. 

Suppression of DPP-4 leads to higher levels of insulin 

secretion and suppression of glucagon secretion in a 

glucose-dependent manner.The DPP-4 inhibitors act 

primarily on postprandial blood glucose levels, but 

reductions in fasting glycemia are also seen. These 

agents are generally well tolerated, with the most 

common side effect being headache. An increase in 

nasopharyngitis also has been seen. Benefits include that 

it is weight neutral and does not cause hypoglycemia as 

monotherapy or when combined with metformin or 

thiazolidinediones. When combined with sulfonylurea or 

insulin, it increases the risk of hypoglycaemia. Four 

DPP-4 inhibitors are approved by the US Food and Drug 

Administration (FDA) for use in type 2 DM: sitagliptin, 

saxagliptin, linagliptin, and alogliptin. These agents are 

indicated for use as monotherapy or in combination with 

other agents such as metformin, sulfonylureas, 

thiazolidinediones, or insulin. 

 

Sitagliptin dosing is 100 mg orally once daily with or 

without meals. Dose reduction is needed in patients with 

renal impairment. For patients with a creatinine 

clearance of 30 to 50 mL/min, dosing is 50 mg once 

daily. For patients with a creatinine clearance less than 

30 mL/min, dosing is 25 mg once daily. Saxagliptin 

dosing is 2.5 or 5 mg orally once daily with or without 

meals. The 2.5 mg daily dose is used in patients whose 

estimated glomerular filtration rate (eGFR) is <50 

mg/mL and those using the strong inhibitors of P450 

3A4/5 (eg, ketoconazole, ritonavir). Linagliptin dosing is 

5 mg orally once daily with or without meals. Dose 

reduction is not needed in renal impairment. Alogliptin 

dosing is 25 mg orally once daily with or without meals. 

Dose reduction is needed in renal impairment. In patients 

with a creatinine clearance 30 to 60 mL/min, dosing is 

12.5 mg once daily. In patients with a creatinine 

clearance below 30 mL/min, dosing is 6.25 mg once 

daily. 

 

Pramlintide: Pramlintide is a synthetic form of amylin, a 

hormone secreted by beta cells that acts to suppress 

glucagon secretion, slow gastric emptying, and suppress 

appetite through central pathways. It acts primarily on 

postprandial blood glucose levels. Efficacy data from 

well-conducted studies are lacking. Dosage varies in 

different patients. The major side effects are GI 

complaints, especially nausea and hypoglycemia. 

Benefits of therapy include weight loss of 1 to 1.5 kg 

over 6 months and up to 4.5 kg after chronic therapy. 

Pramlintide is FDA approved only as adjunctive therapy 

with insulin, but it is used off-label in patients with either 

type 1 DM or type 2 DM. Pramlintide can reduce insulin 

requirements by up to 50%. The starting dose for patients 

with type 2 DM is generally 60 µg subcutaneously 

before meals. In patients with type 1 DM, the starting 

dose is 15 µg before each meal. Pramlintide can be used 

by patients taking insulin, metformin, or sulfonylureas. 

 

Bromocriptine: Fast release bromocriptine improves 

glycemic control in patients with type 2 DM when taken 

within the 2 hours of waking up. Mechanism of action is 

not known. Improvement in Hba1c is 0.6-0.7%. It is sold 

as 0.8 mg tablet and therapeutic dose varies from 1.6-4.8 

mg. Nausea is main side effect. 

 

SGLT-2 Inhibitors: The SGLT-2 inhibitors are the 

newest group of FDA-approved medications for type 2 

DM. SGLT-2 is a protein acting as sodium-glucose 

cotransporter in the kidney's proximal tubules whose 

main function is reabsorption of the filtered glucose from 

the urine back into the circulation. It is responsible for 

about 90% of total glucose reabsorption. Inhibition of 

this protein leads to the excretion of glucose in the urine 

at much lower blood glucose levels than normal (at 

approximately 120 mg/dL instead of 180 mg/dL). 

 

The most common side effects of SGLT-2 inhibitors are 

vaginal yeast infections and urinary tract infections. The 

greatest risk is seen in female patients and in 

uncircumcised males. Polyuria also may occur. 

 

Additional benefits are weight loss (two-thirds of weight 

loss is related to loss of fat tissue and one-third is related 

to loss of water) and lower blood pressure. These 

medications are not indicated in children, in patients with 

type 1 DM, frequent ketones in their blood or urine, or 

severe renal impairment. Patients should be advised to 

expect glucose to be in the urine and, thus, urine glucose 

strips will usually have a positive reading. 
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Three SGLT-2 inhibitors are currently available: 
canagliflozin, dapagliflozin, and empagliflozin. 

Canagliflozin is dosed at 100 mg/day before the first 

meal of the day and can be increased to 300 mg/day, if 

tolerated. Canagliflozin should not be used in patients 

with eGFR less than 45 mL/min/1.73m
2
 and should be 

limited to 100 mg in those with eGFR 45 to 60 

mL/min/1.73m
2
. Dapagliflozin is dosed at 5 mg/day and 

can be increased to 10 mg/day, if tolerated. It should not 

be used if eGFR is less than 60 mL/min/1.73m
2
. 

Empagliflozin is dosed at 10 or 25 mg once a day. It 

should not be started if eGFR is less than 60 

mL/min/1.73m
2
. If eGFR decreases below 60 

mL/min/1.73m
2
 while patient takes this medication, it 

should be continued at 10 mg/day and stopped if eGFR 

decreases below 45 mL/min/1.73m
2
. At this time, 

empagliflozin is the only antidiabetic medication shown 

to decrease cardiovascular risk in patients with type 2 

DM. 

 

Insulin therapy: Insulin was the first treatment for 

diabetes. It was discovered in 1921, and clinical testing 

in humans started in 1922. Insulin therapy remains the 

most effective method of reducing hyperglycemia. There 

is no upper limit in dosing for therapeutic effect, so it can 

be used to bring any elevated HbA1c level down to near 

normal. Other benefits of insulin include its effects on 

reducing triglycerides levels and increasing HDL. 

Hypoglycemia is a concern, although the actual risk of 

severe episodes is small. Studies have shown that 

insulin-induced hypoglycemic episodes requiring therapy 

occur in 1 to 3 per 100,000 patient-years. Weight gain 

can occur after initiation and is typically about 2 to 4 

kg.
[56]

 Insulin therapy remains the most effective method 

of reducing hyperglycaemia. There is no upper limit in 

dosing for therapeutic effect, so it can be used to bring 

any elevated HbA1c level down to near normal. Other 

benefits of insulin include its effects on reducing 

triglycerides levels and increasing HDL. Hypoglycaemia 

is a concern, although the actual risk of severe episodes 

is small. Studies have shown that insulin-induced 

hypoglycemic episodes requiring therapy occur in 1 to 3 

per 100,000 patient-years. Weight gain can occur after 

initiation and is typically about 2 to 4 kg. Most brands of 

insulin are available in both vial and pen form for 

delivery. 

 

Table 2: Lists of Insulin Formulations. 

Insulin (Brand) Onset Peak Effective Duration 

Rapid-acting 

Aspart (Novolog) 5-15 min 30-90 min <5 hr 

Lispro (Humalog) 5-15 min 30-90 min <5 hr 

Glulisine (Apidra) 5-15 min 30-90 min <5 hr 

Short-acting 

Regular insulin (Humulin R, Novolin R) 30-60 min 2-3 hr 5-8 hr 

Intermediate, basal 

Insulin NPH 2-4 hr 4-10 hr 10-16 hr 

Long-acting, basal 

Insulin glargine (Lantus, Toujeo, Basaglar) 2-4 hr No peak 20-24 hr 

Insulin detemir (Levemir) 3-8 hr No peak 17-24 hr 

Insulin degludec (Tresiba) 1 hr 
 

>25 hr 

Premixed 

75% Insulin lispro protamine/25% insulin lispro (Humalog mix 75/25) 5-15 min Dual 10-16 hr 

50% Insulin lispro protamine/50% insulin lispro (Humalog mix 50/50) 5-15 min Dual 10-16 hr 

70% Insulin lispro protamine/30% insulin aspart (Novolog mix 70/30) 5-15 min Dual 10-16 hr 

70% NPH insulin/30% regular 30-60 min Dual 10-16 hr 

Inhaled 

Technosphere insulin-inhalation system (Afrezza)) 
   

NPH=Neutral protamine Hagedorn. 

 

Initiation and Titration of Therapy: Several different 

regimens are used to administer insulin therapy (Table 

3). All patients with type 1 DM require insulin therapy, 

which is available as basal-bolus therapy or insulin 

pump. Patients with type 2 DM often require insulin, 

which can be combined with oral hypoglycemic agents. 

Regimens used are basal insulin only, twice-daily 

premixed insulin, basal-bolus, and insulin pump therapy. 
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TABLE 3: REGIMENS FOR INSULIN THERAPY 

Insulin Regimen 
HbA1c 

(%) 
Medication Pattern Diet Lifestyle Monitoring 

Basal-only >7.5-10 

Oral medications 

adequately control 

postprandial 

glucose excursions 

High fasting 

glucose with 

minimal glucose 

rise during the 

day 

Small, regular 

meals; large 

meals will result 

in postprandial 

hyperglycemia 

Reluctance to do 

MDI; requires 

oral agents 

Fasting 

Basal-bolus (MDI) >7.5 
 

Regimen can be 

matched to any 

pattern to achieve 

glycemic control 

Regimen can be 

matched to any 

diet to achieve 

glycemic control 

Erratic schedule, 

motivated to 

achieve tight 

glycemic control 

Frequent 

blood glucose 

monitoring 

(minimum 

before meals 

and bedtime) 

Once- or Twice-Daily Premixed 

Rapid-acting 

analogue and 

intermediate acting 

>7.5 

Oral agent failure 

(maximum 

tolerated dosages, 

contraindications, 

cost issues) 

Any fasting 

glucose; glucose 

rises during the 

day 

Large suppers, 

small lunches 

Consistent 

daily routine, 

reluctance to 

do MDI 

Fasting and pre-

supper (if insulin 

is administered 

twice daily) 

Regular and NPH >7.5 

Oral agent failure 

(maximum 

tolerated dosages, 

contraindications, 

cost issues) 

Any fasting 

glucose; glucose 

rises during the 

day 

Isocaloric meals 

or larger lunches 

Consistent 

daily routine, 

reluctance to 

do MDI 

Fasting and pre-

supper (if insulin 

is administered 

twice daily) 

Abbreviations: HbA1c=hemoglobin A1c; MDI=multiple daily injections; NPH=Neutral protamine Hagedorn. 

 

Type I Diabetes 
Basal–Bolus: The basal-bolus regimen combines a long-

acting agent (administered once or twice daily) that 

provides basal insulin needs and a rapid-acting agent for 

prandial coverage. Traditionally, when initiating therapy 

with glargine or detemir as the basal insulin, 50% of the 

total daily dose is given as basal insulin and the rest as 

prandial insulin divided equally before meals. The 

prandial insulin dose can be fixed, but it is better to 

determine the dose based on the carbohydrate content of 

the meal. This requires learning carbohydrate counting 

and knowing the insulin dose required to cover the 

carbohydrates. A diabetic educator can help patients 

adjust their insulin dose based on carbohydrate 

consumptions. The starting daily insulin dose is typically 

0.3 U/kg total daily (divided between long-acting and 

rapid-acting). A key to achieving glycemic control is 

appropriate SMBG by the patient and frequent 

adjustment of the regimen.
[59]

 

 

Table 4: Summary of Initial Dose, Titration of Insulin Therapy: Type 1 DM. 

Type 1 Diabetes Mellitus 

Initial basal dose (detemir or glargine) 10 units or 0.15 

units/kg (whichever is greater) 

Adjustments (desired range 90-140 mg/dL): 

Increase/decrease by 3 units every 3 days if out of 

range 
Initial basal coverage (NPH insulin): 10 units or 0.15 

units/kg divided into 2 doses; 1 at breakfast and 1 at 

dinner 

Adjustments (desired range 90-140 mg/dL): 

Increase/decrease by 10% every 3 days, if out of 

range 

Meal coverage (regular insulin, glulisine, aspart, lispro) 

4 units per or 0.15 units/kg divided among 3 meals 

Adjustments (postprandial <180 mg/dL): 

Increase/decrease by 1 unit or 10% (whichever is 

greater) 

Carbohydrate counting (1 unit per 15 g of carbohydrate) 
Increase to 1 unit per 10 g of carbohydrates or 

decrease to 1 unit per 20 g of carbohydrates 
NPH = neutral protamine Hagedorn. 
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Insulin Pump Therapy: The insulin pump allows 

administration of different basal insulin rates during 

different periods of the day. It also allows administration 

of the meal bolus as a single discrete bolus or as an 

extended bolus (square bolus) over a specific time 

period, which provides a better match between insulin 

delivery and glucose absorption from the meal in patients 

with gastric emptying abnormalities. Use of insulin 

pump therapy is increasing in all diabetic populations. It 

should be considered in these populations. 

 Patients unable to achieve target goals with basal-

bolus regimens. 

 Patients with frequent hypoglycemia, dawn 

phenomenon, or brittle diabetes. 

 Pregnant patients. 

 Patients with insulin sensitivity or those requiring 

more intense monitoring due to complications. 

 Patients who are able to monitor blood glucose 

several times during the day and to make insulin 

dose adjustments. 

 

Type 2 Diabetes: The ADA and the AACE have 

published different algorithms for initiation and 

maintenance of therapy in patients with type 2 DM [61, 

51]. No studies have compared the efficacy of these 

algorithms. Table 5 lists the initial dose and titration of 

insulin therapy for type 2 DM. The starting daily insulin 

dose is typically 0.5 U/kg total, divided between long-

acting and rapid-acting. Therapy can be combined with 

oral insulin sensitizers but not secretagogues. 

 

Table 5: Summary of Initial Dose, Titration of Insulin Therapy: Type 2 DM. 

Type 2 Diabetes Mellitus 

Initial basal dose (detemir or glargine) 15 units or 0.25 

units/kg (whichever is greater) 

Adjustments (desired range 90-140 mg/dL): 

Increase/decrease by 3 units or 10% (whichever is greater) 

every 3 days, if out of range 

Initial basal coverage (NPH insulin) 15 units or 0.25 

units/kg divided into 2 doses; 1 given at breakfast and 

1 at dinner 

Adjustments (desired range 90-140 mg/dL): 

Increase/decrease by 10% every 3 days, if out of range 

Meal coverage (regular insulin, glulisine, aspart, 

lispro) 6 units per meal or 0.25 units/kg divided 

between 3 meals 

Adjustments (postprandial <180 mg/dL): 

Increase/decrease by 2 units or 10% (whichever is greater) 

Carbohydrate counting (1 unit per 10 g of 

carbohydrate) 

Increase to 1 unit per 5 g of carbohydrate or decrease to 1 

unit per 15 g of carbohydrate 

NPH = neutral protamine Hagedorn. 

 

Gestational Diabetes: In patients with gestational 

diabetes, insulin therapy is indicated when exercise and 

nutritional therapy are ineffective in controlling prandial 

and fasting blood glucose levels. Basal therapy alone 

may be sufficient, but basal-bolus regimens are often 

required. 

 

CONCLUSION 

From the above review data here we concluded that the 

glycemic control is crucial for preventing microvascular 

and macrovascular complications of diabetes. Type 2 

diabetes is a progressive disease and requires therapy 

intensification with time. Insulin sensitizers and incretin-

based therapy should be used early in the course of the 

disease. Type 1 diabetes requires insulin therapy. 

Multiple daily doses of insulin providing basal, prandial, 

and supplemental insulin are a mainstay of insulin 

treatment. 
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