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INTRODUCTION

Diabetes Mellitus is the most common non communicable lifestyle disorder. It is a

highly complex metabolic disease of multifactorial origin. It is a heterogenous group of

endocrine and metabolic disorder characterized clinically by  increased levels of glucose in

the blood over a prolonged period. The hyperglycemia is due to  deficiency in insulin

secretion from pancreas or insulin insensitivity in the tissues resulting in diabetes mellitus.

It doubles a person's risk of early death. It is an upcoming global epidemic affecting 415

million people. World Health Organisation (WHO) reported that till 2016, 422 million

people had Diabetes worldwide , constituting  90% of type 2 diabetes mellitus (1).This

represents 8.3% of the adult population with equal rates in both gender. India is considered

as the capital of Diabetes mellitus.

According to Wild et al.,(2) the prevalence of diabetes globally is predicted to

increase by double, from 171 million in 2000 to 366 million in 2030 with  maximum increase

in India. In 2000, India  had highest prevalance of diabetes mellitus (31.7 million) followed

by China (20.8million) and United states (17.7 million). It is predicted that by 2030 ,diabetes

mellitus may affect up to 79.4 million individuals in India, while China (42.3 million) and

the United States (30.3 million). (3) In India, the prevalence of diabetes in urban population

was 28% and 5% in rural population . Between 2012 to 2015, Diabetes was the eighth leading

cause of death (4) and 1.5 to 5.0 million deaths were reported worldwide.

Diabetes mellitus is a complex group of disorders characterized by disturbances in

carbohydrate , protein and fat metabolism. Previously it was classified as insulin dependent

and non insulin dependent Diabetes, now the etiologic classification of Diabetes mellitus
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recommended by World Health Organization (WHO) and American Diabetes Association

(ADA) is Type I and Type II Diabetes Mellitus. Type I Diabetes is due to immune destruction

of beta cells of pancreas resulting in decreased secretion of insulin. In Type II ,there is

resistance of tissues to insulin . The characteristic symptoms are Polyuria (increased

urination), Polyphagia (increased hunger) and Polydipsia (increased thirst ). It affects and

cause damage to nerves, blood vessels , kidneys , eyes  and  heart.

The complications of Diabetes Mellitus may be acute and chronic. Acute

complications are hypoglycemia , diabetic ketoacidosis , hyperosmolar coma and death.

Chronic complications may be due to microvascular and macrovascular damage.

Retinopathy, neuropathy and nephropathy are due to microvascular damage and

cardiovascular disease, cerebrovascular disease and peripheral vascular disease are due to

macrovascular damage.

Among the microvascular complications, Diabetic Retinopathy (DR) is the

commonest and leading cause of  blindness in adults aged between 20–74 years worldwide

(4a). It was reported that diabetes-related retinal disease increases by 382 million from 2013,

592 million by 2025 worldwide. In India ,it  affects about  18% of the diabetic population.

Thus WHO consider diabetic retinopathy as a major eye disease responsible for preventable

blindness. The increased prevalence of DR is due to lack of awareness among the patients

who fail to obtain timely and early diagnosis leading to unnecessary blindness. It was

reported that the chances of blindness  was  25 times more in diabetic patients  when

compared to a healthy individuals.
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Till 2010, Diabetic Retinopathy was the fifth most commonest cause of preventable

blindness and between 1990 and 2010 it was considered as the fifth most commonest cause

of moderate to severe visual impairment (MSVI) (5). In 2010, approximately 32.4 million

people were blind and 191 million people were visually impaired worldwide. Among them,

Diabetic Retinopathy  being responsible for 833,690 (2.6%) cases of blindness and 3.7

million cases (1.9%) of visual impairment in 2010(5) . In 2015 , it was reported that who

were visually impaired and blind due to diabetic retinopathy increases from 2.6 million

people  to 3.2 million by 2020.5(a,b)

In Type II Diabetes mellitus, poor glycemic control and increased duration of disease

are the major risk factors for causing diabetic retinopathy, other risk factors include

parameters like raised serum lipid profile, low hemoglobin and elevated blood pressure.

Visual deficit in diabetes mellitus appears to result from both vascular disease and metabolic

abnormalities, which can affect the neural layer of retina, optic nerve and visual pathways.

Among patients with early onset diabetes , the retinopathy prevalence at the first 3 years

was 8% , 25% at 5 years, 60% at 10 years, and 80% at 15 years. The Prevalence of

proliferative diabetic Retinopathy was 0% at the first 3 years and increased to 25% at 15

years . (6) .

Diabetic retinopathy occurs subclinically and has no early warning clinical

symptoms. Neural retina of diabetic patients undergoes subclinical neurofunctional changes

before the onset of microvascular lesions, that can be detected using Visual Evoked

Potential, which is not usually detectable by fundus photography(7) . The Visual evoked

Potential is one of the electrophysiological studies which can be used to detect central

neuropathy in diabetes. Thus Visual Evoked potential (VEP) responses may provide early
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diagnosis of diabetic retinal changes and it can be prevented to advanced stage(8) Proper

glycemic control and early detection by VEP significantly reduces the risk of development

and progression of ocular  complications in  both Type 1 and Type 2 Diabetes (9).
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AIM & OBJECTIVES:

1. Study to   detect Preclinical Retinopathy changes  in patients with Type II

Diabetes Mellitus using Pattern Visual evoked potential.

OBJECTIVES

1. Assessing the latency of Visual evoked potential waveforms like N 75, P100, N145

and amplitude  of P100 in both eyes in type 2 diabetic patients and subjects without

type II diabetes.

2. To correlate the latencies and amplitude of Visual Evoked Potential  waveforms with

gender differences.

3. To correlate the latencies and amplitude of Visual Evoked Potential waveforms with

duration of diabetes mellitus.

4. To correlate the visual evoked potential latencies and amplitude with glycemic control,

HbA1c and BMI in type 2 diabetic patients.
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MATERIALS AND METHODS:

Study design:  Cross sectional study.

Sample size:   100   (Group I -50 , Group II - 50)

Group I -50  Type II Diabetic patients of age group 35-60 yrs of both gender

as cases

Group II - 50 volunteers of age group 35-60 yrs of both gender as  controls

Study duration: 1 year (from  July  2018 to  June 2019 )

Study area:         Department of  Medicine ,

Department of  Ophthalmology and

Department of Neurology  in  Tirunelveli Medical   college Hospital.

Inclusion criteria:

Cases:  Type II Diabetic patients of age 35-60 yrs  of both gender

Controls: Volunteers of age 35-60 yrs of both gender attending Medical outpatient

department

Exclusion criteria:

Cases:

 Type I diabetes

 Gestational diabetes
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 Diabetes with Hypertension

 Ischemic Heart Disease

 Patients on drugs like sedatives, antidepressants and antipyschotics

 Diabetics with  Bronchial  asthma

 Diabetic Retinopathy

 Ocular disorders like Corneal opacity , Cataract, Glaucoma, Optic nerve disease and

Macular disease.

Controls:

 Diabetes Mellitus

 Hypertension

 Coronary heart disease

 Chronic obstructive pulmonary disease

 Bronchial asthma

Methodology:

After  getting Institutional Ethical Committee clearance in Tirunelveli Medical

College informed written consent was obtained  in their own language from both

cases and controls . Family history , personal and treatment history details  were

taken through profoma which is WHO based. Anthropometric  measurements like

height and weight and blood pressure were measured in Medicine OP , followed by

complete Ophthalmological examination in Ophthalmology OP. Then the

participants were subjected to Visual evoked potential in Neurology OP on the same

day .
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 MATERIALS:

 Stadiometer

 Weighing scale

 Mercury sphygmomanometer

 RMS EMG EP mark II machine

 MEASUREMENT OF HEIGHT :

Height was measured in centimeters using   Stadiometer  with participants in

barefoot.
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 MEASUREMENT OF WEIGHT:

Weight  was measured in kilograms with light clothing using a body weight scale

after adjusted to zero level, advised to remove belongings before measuring weight.
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 MEASUREMENT OF BODY MASS INDEX:

Using Quetlet’s formula BMI  was calculated : Weight (kg) / Height (m2).

BMI (kg/m2)

 18.5-22.9 - Normal

 23.0-24.9 - Overweight

 >25 - Obese

 MEASUREMENT OF BLOOD PRESSURE:

After 5 minutes of rest, using standard mercury sphygmomanometer blood   pressure

was measured in both arms in sitting position . Systolic BP >140 mm Hg and Diastolic  BP

>90 mm Hg were considered to be  Hypertensives.

BLOOD INVESTIGATIONS

 Blood investigations like Fasting Blood Sugar, Post Prandial Blood Sugar , HbA1C

and serum lipid profile were taken after overnight fasting. Under strict aseptic

precautions, 4 ml of venous blood were taken from antecubital vein preferably left

side using 5 ml disposable syringe . Two hours after breakfast 2ml  of venous  blood

was  taken.  Results were assessed in Biochemistry laboratory  using Erba 360 fully

automated Biochemical analyser.

 HbA1C was estimated by  Erba Mannheim XLSyspack  which uses  particle

enhanced  Immunoturbidmetric test.
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FULLY AUTOMATED  CLINICAL  BIOCHEMISTRY ANALYZER

CLASSIFICATION OF BLOOD GLUCOSE LEVELS

PARAMETERS

NORMAL

GLUCOSE

TOLERANCE

PRE DIABETES
DIABETES

MELLITUS

FBS <100 mg/dl  or

< 5.6 mmol/L

100- 125 mg/dl

or 5.6 -6.9 mmol /L

126mg/dl or

> 7mmol/L

PPBS <140 mg/dl or

7.8 mmol/L

140-199 mg/dl or

7.8 – 11.0 mmol/L

>200 mg/dl or

11.1 mmol/L

HbA1C 5.6% 5.7 -6.4% > 6.5 %
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SERUM LIPID PROFILE  NORMAL VALUES (national cholesterol programme)

Total cholesterol <200 mg/dl

Low density lipoprotein    <130 mg/dl

High density lipoprotein    >60mg/dl

OPHTHALMOLOGICAL EXAMINATION

 Complete ocular examinations was done in Ophthalmology Outpatient department.

 Visual Acuity was examined using Snellen’s Charts.

 Intra ocular pressure was measured using Goldmann Applanation Tonometer to

exclude Glaucoma.

 Fundus examination was  done using Direct and Indirect ophthalmoscope to exclude

Diabetic Retinopathy.

VISUAL EVOKED POTENTIAL

Subjects were  advised to have good sleep and instructed  to  have  hairbath on the

day of the test procedure.  Instructed to avoid mydriatic and miotic eye drops 12 hrs before

doing visual evoked potential examination. Allowed to use their refractive glasses or contact

lens during procedure. After that patients were subjected to Visual Evoked Potential  in

Neurology Opd . VEP was recorded with a PC based, 2 channel, RMS EMG EP mark II

machine and standard silver chloride disc electrodes.
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PROCEDURE:

After giving proper instructions, electrodes were placed over the scalp based on

10 – 20 International montage system, participants are subjected to sit at distance of 95 cms

from monitor. A VEP monitor of 30 cm size displays checkerboard of pattern reversal

stimulus black and white colour  with red sqaure in centre. The video moniter displays the

alternate black/white checks to white/black checks  at a rate of two checks per second

approximately. When the pattern alternates, the  visual system of the subject will be

stimulated and produces  an electrical response that were detected and recorded by surface

scalp electrodes, overlying the occipital region, with reference electrodes on the midline of

frontal region (Fz).



14

PLACEMENT OF ELECTRODES (MONTAGE)

FZ : REFRENCE ELECTRODE

CZ: GROUND ELECTRODE

OZ: ACTIVE ELECTRODE

10 - 20 INTERNATIONAL MONTAGE SYSTEM
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Electrode  are  fixed with a  paste in the scalp and the following adjustments were done in

VEP machine before recording.

1. Active electrode (OZ) is placed in highest point on the occiput.

2. Reference electrode(FZ) is placed in 12 cm above Nasion

3. Ground electrode (CZ) is placed in  vertex

4. Amplification : 20,000 to 1,00,000

5. Sweep Duration : 300 ms

6. Low filter cut : 1-3 HZ ,

7. High filter cut : 100 -300 HZ

8. Electrode impedance : 5 kΩ

Results were assessed with the help of Neurologist and ophthalmologist.
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DIABETES MELLITUS

Diabetes mellitus (DM) is a chronic  metabolic disease   due to deficiency of

secretion of insulin from pancreas (Type I)  or  resistance of body cells to Insulin (Type 2)

leading to increased concentration of blood glucose  In Greek “Diabetes” = to siphon or

pass through , Latin “mellitus” =honey or sweet.

HISTORY

Ancient Egyptians, 3000 years ago described the clinical features of DM. “Diabetes

“was coined first by ARAETUS OF CAPPODOCIA (81-133AD) then after discovery of

sweetness of urine and blood of diabetic patients “Mellitus ” was coined by  Thomas Willis

in 1675.

In 1857, Claude Bernard found that diabetes was due to increased production of

glucose in liver and the role of liver in diabetes. In 1889 , Mering and Minkowski  discovered

the role of pancreas in diabetes. Sir Edward Albert Sharpey-Schafer in 1910 discovered that

lack of a chemical from pancreas leads to diabetes mellitus. They found the Islets of

Langerhans  secreted that chemical which was named as Insulin  (meaning Island) .

Insulin was discovered by Banting and Best in 1921. In 1922 Insulin was first

injected to a 14 year old Leonard Thompson for treatment of Type I Diabetes.



18

BEST AND BANTING (DISCOVERY OF INSULIN)

Chakrata And Susruta (600 B.C), two Indian Physicians proposed that diabetes

mellitus is not a single disorder. They  differentiated  the two forms of the disease (classic

literature describes almost about Type I Insulin dependent )  later in mid 1930, Himsworth

described the two clinical types of diabetes mellitus into insulin Sensitive and insulin

insensitive. A decade later radioimmunoassay for insulin  was available then Bornstein and

Lawernce developed a bioassay for Insulin and classified into juvenile onset and maturity

onset. DM during 18 and 19th centuries ,a clinical disorder with glycosuria associated with

overweight rather than wasting was identified. In the  20th century , screening for Diabetes

mellitus was done and it was recognized that disorder being asymptomatic in many patients.
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There were many classification systems, nomenclature and diagnostic criteria  till

1970  no systematic classification was there for DM. In 1979, NATIONAL DIABETES

DATA GROUP  of National institutes of health sponsored for International workgroup and

recognized DM is  a syndrome rather than a  disorder .The characteristic hallmark features

of Diabetes  mellitus are hyperglycemia and  intolerance  to glucose . In 1980 , World Health

Organisation (WHO) committee  on Diabetes mellitus differentiated into insulin dependent

(type 1) and non insulin dependent (type 2)  and other types of diabetes .This was widely

accepted and excluded older terminologies like juvenile onset, maturity onset and adult onset

Diabetes Mellitus. Between 1996 and 1997, American Diabetes Association redefined the

NDDG/WHO classification system and  the terms like type 1 and type 2 terms were accepted.

Insulin dependent (IDDM) and non insulin dependent (NIDDM) were eliminated.

PANCREAS

HISTORY

A Greek Anatomist and Surgeon ‘Heterophilus’ first identified the gland

Pancreas(10).Rufus of Ephesus another anatomist later named the gland as “Pancreas”  literal

meaning as “all flesh” due to its fleshy consistency(11,12).Later in 1889,Oskar Minkowski

found that removal of Pancreas in a dog resulted in Diabetes Mellitus due to deficiency of

insulin.

INTRODUCTION

The Pancreas is  both an endocrine and exocrine gland. Endocrine part helps in

secretion of hormones and exocrine part  helps in digestion of food entering duodenum from

stomach by digestive enzymes. Enzymes involved in carbohydrate digestion are pancreatic
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amylase , trypsinogen  and chymotrypsinogen  helps in breakdown of protein  and digestive

enzymes like  lipase , phospholipase, cholesterol esterase helps in fat digestion(13) .Digestive

enzymes enters the  second part of duodenum through pancreatic duct. Pancreatic juice

contain bicarbonate which neutralizes acid entering from stomach to duodenum. It secretes

hormones like Insulin, glucagon , somatostatin and pancreatic polypeptide.

ANATOMY

Anatomically  pancreas is situated behind the stomach in the  left upper part of

abdomen.It’s length is about 12 to 15 cms and weighs about 80 gms .It has following parts

head,   neck, body and tail.The main pancreatic duct and accessory pancreatic duct joins with

common bile duct ,an opening called as ‘Ampulla of vater’ and enters into second part of

duodenum.

ANATOMY OF PANCREAS
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EMBROYOLOGY

Pancreas develops around 5th week of Intrauterine life. It is endodermal in origin.

It develops as two outpouchings  or buds that arise from foregut  namely ventral and dorsal

pancreas. During development the ventral pancreas rotates towards and joins with dorsal

pancreas. Ductal system of both pancreas fuse together. Head develops from both ventral

and dorsal pancreas. The portion of ventral pancreas is called as ‘Uncinate process’. Body

and tail develops from dorsal pancreas

EMBRYOLOGY OF PANCREAS

DEVELOPMENT OF CELLS

Pancreatic progenitor cells are multipotent and have the capacity of differentiating

into ductal cells, acinar cells or  endocrine cells. There are two lines of differentiation of

committed endocrine precursor cells. In the first line of differentiation, alpha cells produce

glucagon and gamma cells produce pancreatic polypeptides under the influence of PAX
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gene.In the second line of differentiation beta cells produce insulin and delta cells produce

somatostatin under the influence of PAX 6 gene. By fourth or fifth month Insulin and

glucagon are detected in human fetal circulation. (14)

EXOCRINE AND ENDOCRINE PART OF PANCREAS

EXOCRINE PART OF PANCREAS

Majority of tissues (95%) within pancreas helps in digestion. Gland  comprises

of acini arranged in lobes. Acinus  means ( latin: berry in a cluster ).The inactive form of

digestive enzymes are called as Zymogens. They are secreted by these acinus into

intercalated duct ,then to larger duct and  then reaches the  interlobular duct.

ENDOCRINE PART OF PANCREAS

The tissues responsible for endocrine action is arranged in cluster of cells called as

“Islets of Langerhans” or “ Pancreatic Islets”. About 3000 secretory cells are present in the
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Pancreatic  Islets. These islets consists of alpha cells, beta cells, delta cells and F cells.

Different types of hormones are secreted by these cells. Alpha cells secrete glucagon, beta

cells secrete Insulin, delta cells secrete somatostatin. F cells secrete Pancreatic polypeptide.

Islets has beta cells in centre surrounded by alpha cells in periphery.

Above picture shows stained Pancreatic Islet tissue which is viewed under

microscope. It contains digestive enzymes as darkly stained  purple granules and also

exocrine pancreas can be seen around the Islet.

FUNCTIONS OF PANCREAS

Exocrine part of pancreas helps in digestion. Endocrine part maintain the

homeostasis of  blood glucose. Glucagon secreted by alpha cells increase blood glucose

levels. Beta cells which secrete insulin decrease blood glucose levels. Somatostatin secreted

by delta cells decrease the secretions of both hormones. Islet cells activity  are mainly

regulated by Autonomic nervous system (sympathetic and parasympathetic).

GLUCOSE

Glucose  is a simple sugar and also called as Dextrose. It is the most abudant

monosaccharide and it is the major source of energy for all organisms.The circulating form

is D Glucose,while it can be prepared synthetically as L Glucose which is less important. It

is stored in liver and muscles in the form of glycogen. Glucose circulates in blood as blood

sugar. Transport of glucose  in and out of the cell is mainly dependent on special transport

proteins called as  Glucose transporters (GLUT) .They belong to integral membrane group

of proteins. Glucose  transporters are of 14 types. Each of which has specific role in
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metabolism of glucose based on specificity of species, tissue expression and  transport

kinetics. GLUT family  are classified into three subclasses as class I, classs II  and class III.

GLUCOSE TRANSPORTERS

CLASS I- GLUT1 ,2,3, 4

CLASS II- GLUT 5,7, 9, 11

CLASS III- GLUT 6,  8,10,12, 13

LOCATION OF GLUCOSE  TRANSPOSTERS

GLUT 1 –Fetus, RBC, endothelial cells of blood brain barrier

GLUT 2 – Liver, Pancreas and kidney

GLUT 3 –Neurons and placenta

GLUT 4 –Adipose tissue, striated muscle and skeletal muscle.

GLUT 5 – Fructose transporter in enterocytes

GLUT 7 –Small and large intestine

GLUT 13 -Brain

GLUT 14 –Testicular optic canals

The role of other glut transport proteins are not still well defined.
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FUNCTIONS OF GLUCOSE

The carbohydrates in the food are broken down into monosaccharides and

disaccharides of most of which are glucose. It enters various pathways like glycolysis ,citric

acid cycle and oxidative phosphorylation, and oxidized to form water and carbon dioxide

and  yields energy in form of ATP. Glucose is the source of energy in human body that

provides about 3.75 kilocalories of energy per gram.(15) In humans, glucose is obtained

through aerobic respiration. Based on the source, the caloric value of glucose  is 16.2

kilojoules per gram(16) and 15.7 kJ/g (3.74 kcal/g).(17) Glucose supplies energy to almost to

all tissues. Particularly the brain depends on glucose for energy as it influence most of its

activities. It depends solely on glucose compared to other organs whereas other organs can

utilize fatty acids for metabolism. Normally  the  concentration of glucose  is 4 to 6 mM  (5

mM equals 90 mg / dL),(18) but during fasting it decreases upto 2 to 3 mM .(19) Subject

experiences Confusion when glucose levels are below 1 mM and coma occurs at still more

lower levels.(19)The concentration of glucose varies  in this order - arterial blood > capillary

blood> venous blood. The content of glucose in blood is regulated by various hormones.

The hormones like insulin decrease blood glucose whereas glucagon (20,21) ,

glucocorticoids , adrenaline, thyroxine and adrenocorticotropin increase the blood glucose

levels .

GLUCOSE METABOLISM

Blood glucose levels are regulated by group of  hormones secreted by pancreas

namely insulin, glucagon and somatostatin. The other hormones are cortisol, growth

hormone and epinephrine. Insulin decreases plasma glucose concentration whereas other
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hormones increases plasma glucose concentration. Thus  blood glucose  metabolism is a

complex phenomenon , which is  mediated through glucoregulatory and counterregulatory

hormones. Insulin and glucagon secretion are mediated through neural, substrate and

hormonal mechanism.

INSULIN

Insulin plays an important role in  glucose metabolism. Insulin is synthesized in the

golgi apparatus of beta cells of pancreas from  prohormone  proinsulin and transported to

rough endoplasmic reticulum. Proinsulin is cleaved to form Insulin, C peptide and two pairs

of basic aminoacids by the  enzyme convertase and released into circulation. C peptide does

not have much role in carbohydrate metabolism compared to insulin. The half life of Insulin

is 4 hours whereas for C peptide it is 30 minutes.
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STRUCTURE OF INSULIN

Beta cells of pancreas releases insulin in a pulsatile fashion,  10 to 13 minutes into

hepatic portal blood.(22) Pulses of Insulin secretion occurs 10 to 15 times per day.(23) The

concentration of plasma insulin in liver sinusoids ranges  about 15 to 40 µU/ml, whereas the

arterial plasma insulin concentration ranges about 5 to 15  µU/ml. Thus  concentration of

insulin is about threefold higher in portal vein compared to arterial plasma.

It  acts on liver and peripheral tissues. Insulin decreases plasma glucose concentration

by suppressing glucose production endogenously by inhibiting gluconeogensis and

glycogenlysis and stimulates utilization of glucose by peripheral tissues. Reduced secretion

or absence of insulin causes hyperglycemia and increased secretion results in hypoglycemia.

Thus it is considered as the most potent  regulator of blood glucose homeostasis. It deals not

only with carbohydrate metabolism but also with protein and fat metabolism. Its secretion
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rises rapidly after ingestion of food and declines during food deprivation. This hormone acts

on liver, muscle and adipose tissue and causes coordinated metabolic changes during fasting

and feeding.

DIABETES MELLITUS

Diabetes mellitus is a complex disorder that occurs due to endocrine and metabolic

abnormalities characterized by defect in insulin secretion or resistance of cells to secreted

insulin. Recently it has been reported that the  role of endothelium, adipose tissue, intestine,

brain and immune system were also included  in the  pathophysiology of the disease. (24,25)

ADIPOSE TISSUE

Apart from the hormonal influence, adipose tissue which is a fat storage organ ,

acts like an endocrine organ which releases various immune cytokines. The adipose tissue

secretes various adipocytokines like Adiponectin, Resistin, Leptin, Tumour Necrosis Factor

alpha, Interleukin 6, Interleukin 8, Insulin like growth  factor, Transforming growth factor

alpha and beta and Fibroblast growth factor 2 and 10.The Physiological functions of these

cytokines play an important role in regulation of appetite , body weight, metabolic

homeostasis, insulin sensitivity, blood pressure and reproduction. Among all, adiponectin is

the major adipocytokine which is most abundantly  secreted by visceral adipose tissue. The

plasma concentration levels of adiponectin were decreased in conditions like

hyperinsulinemia, insulin resistance, obese subjects and in patients with coronary artery

disease. Adiponectin secretion was inhibited by other factors like TNF alpha, IL 6 in case of

Insulin resistance.It improves insulin resistance and promotes weight loss. The mechanism

by which it improves insulin resistance is that it suppress hepatic gluconeogenesis and
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promotes free fatty acid oxidation in liver. They also acts an anti inflammatory and

antiatherogenic factor.

BRAIN

Brain has a low energy storage capacity but high energy consumption.(26)

Neocortex and “Limbic hypothalamus pituitary adrenal system” plays an important role in

allocation of energy resources between brain and periphery.Two different systems operate

to maintain cerebral energy.

1. Neurons in neocortex measures the ATP concentration through Adenosine

Triphosphate (ATP) sensitive potassium channels  and a specific signal is generated.

2. During stress conditions like exercise, starvation, infectious diseases, hormones and

drugs, a setpoint is created by LPHA system through mineralocorticoids and

glucocorticoids receptors.

Insulin signaling proteins and receptors were widely distributed in central

nervous system. Insulin signaling is done by phosphatidylinositol (PI 3) kinase which

integrates the action of leptin and insulin on hypothalamic neurons.

Experimentally, mice with disruption of insulin receptor gene which is

neuron specific, developed increased insulin levels , mild insulin resistance,

hypertriglycerides and elevated plasma leptin levels and obesity.(27) Thus  insulin is

considered as major adiposity signal which reduces food intake and body weight by

acting on central nervous system.
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INTESTINE

After a carbohydrate meal insulin secretion is enhanced by gut hormones like

incretins called as  “Incretin effect” . Thus insulin secretion is more during administration of

oral glucose compared with intravenous administration. The  neural, metabolic and hormonal

effects of small intestine acting on endocrine functions of pancreas referred as “ENTERO

INSULAR AXIS”. (28) This effect is responsible for 65% release of postprandial insulin

release which is decreased in Type II Diabetes.In 1985 the first incretin hormone was

discovered Glucagon like peptide (GLP1) and found to have physiological effects like

human incretin . (29) GLP1 acts on  postprandial metabolic function by lowering hepatic

glucose production.

INSULIN RESISTANCE :

The most common prerequisite for the development of Impaired Glucose Tolerance

(IGT)  and Type 2 Diabetes Mellitus are hyperinsulinemia and insulin resistance. Fasting

Insulin levels are found to be higher only at the early stages of type 2 diabetes mellitus

development and there is fall in these levels at later stages.(30) Many studies shows that in

type 2 diabetics whatever may be the insulin resistance level, the quantity of insulin secreted

is less. It is also found that obese diabetics have higher plasma Insulin levels than obese

Nondiabetics. (31,32) More frequently, it is noticed that insulin responses of type 2 diabetics

in OGTT are profoundly high, falsely indicating raised insulin secretion.
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PHASES OF INSULIN SECRETION
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MECHANISM OF GLUCOSE  STIMULATED INSULIN SECRETION

On further researches, that early insulin response (within 30 minutes) are typically

lower in type 2 diabetics leading to poor hepatic glucose output suppression. This is the

reason for persistence of high glucose levels even in later part of OGTT.(33) Another reason

for this persistence is also low suppression of glucagon. This loss of early insulin secretion

on carbohydrate intake is a prominent contributor for glucose intolerance. But this alone

cannot be the sole reason for type 2 diabetes development. Similar response of insulin is

obtained when intravenous glucose challenge is done, where insulin secretion in the first
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phase (within 8 minutes) is absent and in the second phase more or less normal response is

seen in all except in severe type 2 diabetic cases. (34)

This loss of insulin response in first phase is specific only for glucose. Studies also

suggests there is severe impairment of insulin secretory ability by beta cells in diabetic states.

Some studies done in post-mortem period proved that beta cell mass in Diabetics are normal

in 50% of them.(35)

Criteria for Diagnosing Diabetes Mellitus:

Normally  serum blood Glucose level ranges from  70 to 120 mg/dl.

According to WHO , Diabetes mellitus diagnostic criteria include:

1.  Random plasma glucose ≥200 mg/dl

2. Fasting plasma glucose ≥ 120 mg/dl

3. Postprandial  plasma glucose ≥200 mg/dl during an oral glucose tolerance test

with a loading dose of 75 gm and

4.Glycated hemoglobin (Hb A1C ) level ≥ 6.5%
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AETIOLOGICAL CLASSIFICATION OF DIABETES MELLITUS. (36)

The causative factors of Type 2 Diabetes are multifactorial in origin, mainly  due to

genetics and environmental conditions.The major factor being obesity , due to increased

standard of living , urbanization, lifestyle modifications  and  unhealthy food habits.

Diabetes mellitus  is classified as

1.TYPE I

2. TYPE II

3.GESTATIONAL DIABETES MELLITUS

4.OTHER TYPES OF DIABETES MELLITUS

A.GENETIC DEFECTS OF BETA CELL FUNCTION

i ) Chromosome 12 HNF 1 alpha (MODY 3)

ii) Chromosome 7, Glucokinase (MODY 2)

iii) Chromosome 20,HNF 4 alpha (MODY 1)

iv) Mitochondrial DNA

v) Others

B.GENETIC  DEFECTS IN INSULIN ACTION

i) Type A Insulin resistance

ii) Leprechaunism
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iii) Rabson mendenhall syndrome

iv) Lipoatrophic Diabetes

v) Others

C.DISEASES OF THE EXOCRINE

i) Pancreatitis

ii) Trauma

iii) Neoplasia

iv) Cystic fibrosis

v) Hemochromatosis

vi) Fibrocalculous pancreatopathy

vii) Others

D.ENDOCRINOPATHIES

i) Acromegaly

ii) Cushing syndrome

iii) Glucagonoma

iv) Pheochromocytoma

v) Hyperthyroidism

vi) Somatostatinoma
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vii) Aldosteronoma

viii) Others

E.DRUG OR CHEMICAL INDUCED

i) Glucocorticoids

ii) Nicotinic acid

iii) Diazoxide

iv) Beta adrenergic agents

v) Pentamide

vi) Thyroid hormone

vii) Dilantin

viii) Vacor

ix) Alpha interferon

x) Others

F.INFECTIONS

i) Cytomegalovirus

ii) Congenital rubella

iii) Others

G.UNCOMMON CAUSES OF IMMUNE MEDIATED DIABETES
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i) Stiffman syndrome

ii) Antiinsulin receptor antibodies

iii) Others

H.OTHER GENETIC SYNDROMES ASSOCIATED WITH DIABETES

i) Down’s syndrome

ii) Turner’s syndrome

iii) Klinefelter’s syndrome

iv) Friedreich ataxia

v) Wolfram’s syndrome

vi) Huntington chorea

vii) Myotonic dystrophy

viii) Porphyria

ix) Prader willi syndrome

x) Lawrence moon beidel syndrome

xi) others
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MOLECULAR MECHANISM INVOLVED IN  DIABETES MELLITUS

A) COMMON GENERAL ALTERATIONS IN DIABETES:

1. Vascular cells: In Diabetics, the microvessels of both kidney and heart loses their

endothelial cells. Also in diabetic retinopathy , the pericytes (i.e) contractile cells of

retinal microvasculature are lost. Diabetes increases lesions of atherosclerosis. On

tissue biopsy studies,

i. Retinal tissue of Diabetics showed apoptosis of pericytes which are induced

by galactose feeding and high glucose concentration and are much preferred

than endothelial cells.

ii. Cardiac biopsy showed both endothelial cells and cardio myocytes apoptosis.

2. Basement membrane: They are located between capillary endothelial cells and

bowman epithelial cells in kidney and  pericytes in retina respectively. These are

structures which   acts  as barrier for filtration and also responsible for maintaining

cellular functions.. The structure and thickness of the membrane varies in different

tissue, usually the latter is associated with the intracapillary pressure. In diabetics,

microangiopathy  is one of the classical structural finding in which there is  basement

membrane thickening(37).

i. Retinal capillary basement membrane thickness increases with age in

general(38). But diabetes accelerates this thickening rate(39). Also, inner

capillary bed (i.e) nerve and ganglion layer is much preferentially affected

than the plexiform layers(40).

ii. In Diabetic kidneys, there is glomerular basement membrane thickening,

mesangial expansion and fibrosis of tubule interstitium all of which are due
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to increased extracellular matrix (ECM). This is brought about by both raised

synthesis of extracellular Matrix proteins, which can be overexpression of

normal matrix proteins or expression of some insignificant unusual proteins

and reduced degradation of extracellular Matrix. In Diabetes commonly

collagen type IV and fibronectin are overexpressed(41). These over

expressions are mediated by increased production of factors like angiotensin

II (AT-II), TGF-β and connective tissue growth factor(CTGF). Matrix

metalloproteinase (MMP) which catalyses degradation reactions are also

reduced by various mechanisms. Some are reduced MMP’s mRNA

expression, increased tissue inhibitor of MMP etc. Here there is also a

decreased heparan sulphate content and anionic sites number.

3. Endothelium: Though blood flow is mainly regulated by autonomic nervous system,

Paracrine action of endothelial substance mainly nitric oxide (NO) is also involved

in controlling blood flow. In Diabetes, both type-I and type-II there is a fall in

endothelial dependant vasodilation. This dysfunction is seen even with short periods

(6 hours) of highly elevated glucose concentrations and are demonstrated

experimentally in rabbits(42) as well as in Human experiments(43). In Diabetics it is

noted that fall in retinal blood flow may be associated with loss of NO mediated flow

of blood(44). Apart from this, there is also raised expression of endothelial nitric oxide

synthase (eNOS) or inducible NOS (iNOS) causing increased production of NO seen

in streptozotocin induced Diabetes(45).
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MOLECULAR MECHANISM OF DIABETES MELLITUS RELATED

COMPLICATIONS
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B) INTRACELLULAR ALTERATIONS DUE TO CHANGE IN METABOLISM

INCREASED GLUCOSE CONCENTRATION

Clinical trials with hypoglycaemic drugs established the striking link between

hyperglycaemia and microvascular complication development and its progression.

Atherosclerosis is also found to be lowered in these trials. In Diabetes, hyperglycaemia leads

to increased glucose uptake by the cells and raised intracellular glucose concentration.  Both,

leads to alteration in normal homeostasis of cellular metabolism. These alterations are absent

in tissues which exhibit insulin resistance. GLUT-1, a non-insulin dependent glucose

transporter, is expressed in both vascular endothelial and vascular smooth muscle cells.

Downregulation of these transporters at times of raised plasma glucose levels is possible by

vascular smooth muscle cells, unlike endothelial cells which has no influence on

transporters. Thus hyperglycaemia predominantly affects endothelial cells. Similarly, in

diabetic retina, GLUT-1 Transporter is downregulated.

OXIDATIVE STRESS AND REDOX STATUS:

Glucose metabolism alteration may result in disruption of balance between reactive

oxygen species and antioxidant defence system of cell causing oxidative stress. These

vascular oxidative stress can be determined by plasma markers and are closely related with

diabetes mellitus. In patients with type 2 DM in relation with severity of retinopathy, there

is marked depletion of intracellular reduced glutathione . Numerous organs involved in

diabetes have shown oxidative stress. This proves the fact that with better glucose control,

the oxidative metabolites are found to be at lower levels in plasma. Also it is demonstrated

with animal models that incidence of organ damage is reduced when oxidative stress
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occurrence is prevented. Oxidative stress causes increased degradation of nitric oxide

thereby inhibiting reducing nitric oxide mediated vasodilation.

C) METABOLIC PATHWAYS ALTERATION IN DIABETES MELLITUS:

POLYOL PATHWAY

Hyperglycaemia causes increased intracellular glucose concentration through

Polyol (sorbitol) pathway . The initiation of this pathway mainly depends upon the increased

availability of glucose and also due to inactivation of NAPDH. It acts as cofactor for polyol

pathway. Increased polyol pathway  leads to depletion of NADPH in cytoplasm, which leads

to  decreased availability of NADPH by glutathione reductase  for  reduced glutathione

generation. It  leads to decreased response to oxidative stress .(46) Sorbitol produced in this

pathway  affects retinal cells by  osmotic damage. (47) There is shift of  NADH /NAD+ ratio

which leads to increased production of  reactive oxygen species by stimulating NADH

oxidase.(48) In addition to these, fructose produced in the polyol pathway can be

phosphorylated to fructose-3-phosphate ,which  can be degraded to 3-deoxyglucosone.Both

of these compounds acts as strong  glycating agents and can result in the production of

Advanced glycated endproducts (AGEs) .(49)
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POLYOL PATHWAY

Aldose Reductase  is localised in neurons (50) ,several retinal cells including pericytes

(51,52) , retinal pigment epithelial cells (53) ,ganglion cells (53, 54) , Müller cells (50) and  retinal

endothelial cells .(53,55) It is proved that increased aldose reductase activity leads to

destruction of retinal cells. When  pericytes or endothelial cells exposed  to increased

concentrations of glucose or galactose leads to  reduced viability of cells producing cell

death, which can be reversed  by addition of aldose reductase inhibitors .(55-57)

Polyol pathway also produces retinal capillary basement membrane

thickening(58,59), leucostasis, leucocyte adhesion to endothelial cells (60), producing chronic

subclinical inflammation.The hallmark of Diabetic Retinopathy is increased vascular

permeability  and disruption of blood retinal barrier. (61,62 ) Experimentally it has been proved

about the importance of polyol pathway in Diabetic complications,when it is  treated with

aldose reductase Inhibitor in Animal models.
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PENTOSE PHOSPHATE PATHWAY

This pathway is the main source of NADPH at intracellular level. Through various

mechanism, elevated glucose levels are found to inhibit glucose-6-phosphate dehydrogenase

(G6PD) , which is the primary enzyme involved in this pathway leading to reduction in

NADPH.

SUPEROXIDE PRODUCTION

Normally NADH and FADH2 are produced in mitochondria through citric acid

cycle. Both are involved in Electron transport chain as electron donors. In case of

hyperglycemia, these reducing equivalents are produced in a much excessive amount causing

inhibition of the normal electron transport chain. So the electrons rather than entering ETC

gets transferred to molecular oxygen forming superoxides which are pivotal in causing

oxidative stress. These superoxides reacts at a high rate with nitric oxide forming

peroxynitrate which is a highly reactive intermediate.

VASCULAR NADPH OXIDASE

The Primary source of vascular wall superoxide is NADPH oxidase which are

expressed both in endothelial cell and vascular smooth muscle cell. The enzyme activity is

influenced by elevated plasma glucose concentration , free fatty acid level and endothelin 1.

ANTIOXIDANT DEFENCE

In Diabetics to compensate the increased production of reactive Oxygen Species

there is increase in antioxidant defence. Yet these defence mechanism still remain inadequate

leading to higher rate of oxidative stress.
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D) VARIATIONS IN INTRACELLULAR SIGNAL TRANSDUCTION

ACTIVATION OF PROTEIN KINASE C

In Diabetes, vascular protein kinase C is activated leading to endothelial

dysfunction. There are 12 isoforms of protein kinase C (PKC) in general among them 9 are

stimulated by phospholipid diacylglycerol (DAG). This activation is brought about by

stimulation of phospholipase C which is receptor mediated. There is also denovo synthesis

of diacylglycerol when plasma glucose is increased. In Diabetes both in retina and renal

glomeruli the PKC in its β2 isoforms is primarily stimulated. On treating streptozotocin

induced diabetic rat with PKC β 2 isoforms inhibitor it is seen that retinal blood flow

becomes partly normalised, albuminuria is decreased and endothelial dysfunction is

prevented. The Protein Kinase C inhibitor is found to lower hyperglycemia induced impaired

endothelial relaxation. Also on treating with Vitamin E, vascular DAG concentration are

decreased thereby inhibiting PKC. The role of PKC in microvascular complication

pathogenesis highly influenced by rise and fall mediators such as VEGF , ET 1, PDGF and

TGF-β.
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ACTIONS OF PROTEIN KINASE

SELECTIVE INSULIN RESISTANCE IN VESSEL

Unlike obese people, in healthy lean individuals skeletal muscle flow is improved

by insulin. This insulin dependent vasorelaxation is produced by nitric oxide which is

derived from endothelium. Insulin by post-translational mechanism and stimulation of eNOS

gene expression rises the endothelial nitric oxide production. Both effects are brought about

by Phosphatidyl inositol 3 kinase(PI 3K) - Akt signalling pathway. The Mitogen Activated

Protein Kinase  (MAPK)  pathway which is involved in the insulin induced vascular growth

remains intact. Thus a selective insulin resistance to both the signalling pathways exist

separately .

MITOGEN ACTIVATED PROTEIN KINASE

Most of the serious complications of DM are through MAPK Erk1/2, p38 and

JNK. JNK in vascular smooth muscles and endothelial cells gets stimulated causing
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apoptosis. The treatment for diabetes with MAPK and JNK inhibitors are now under clinical

trials.

CELL CYCLE REGULATION

Normally in cell proliferation, cells en ter S-phase after passing G1-phase. The

cyclins and cyclin dependent kinases(CDK) are involved in controlling cells exiting from

G1-phase.This step can be altered by p21Cip1 and p27Kip1 which are CDK inhibitors . In

diabetes these modifiers are high in concentration causing cellular arrest in G1 phase, where

there is abundant protein synthesis without cell division. Hence there is glomerular

hypertrophy in Diabetic nephropathy. Experimental studies in mice with knockout of

p27Kip1showed lack of development of renal hypertrophy in streptozotocin induced diabetes.

CELL CYCLE ALTERATION IN DIABETES MELLITUS
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E) ALTERED REGULATION OF EXTRACELLULAR SIGNALLING

MOLECULES

 Growth factor and its regulators

 Vascular endothelial growth factor(VEGF)

 Platelet derived growth factor

 Transforming growth factor-β

 Connective tissue growth factor

 Growth hormone /Insulin –like growth factor

 The Renin angiotensin system

 Endothelium derived factors

 Nitric oxide

 Prostacyclin

 Endothelin 1

COMPLICATIONS OF DIABETES MELLITUS

The complications of Diabetes mellitus may be acute or chronic type. Acute

complications include Diabetic ketoacidosis, Hypoglycemia and Hyperosmolar coma.

Chronic type  include both microvascular and macrovascular complications.

The chronic microvascular complications include Diabetic Retinopathy,

Neuropathy and Nephropathy. The macrovascular complications include cardiovascular

disease, cerebrovascular disease and peripheral vascular disease. Among the microvascular

complications, DR is the most common cause of preventable blindness.
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DIABETIC RETINOPATHY

Diabetic Retinopathy is also called as Diabetic eye disease occurs due to increased

blood glucose which damages the blood vessels of retina. DR is the most common

microvascular complication in Type 2 Diabetes Mellitus and which can be  easily prevented

by proper control of  blood glucose, blood pressure and serum lipids level. It is expected that

60% of Type 2 Diabetes will have some form of retinopathy by 10 years of detection of

disease.(63,64) But most of the patients are asymptomatic and treatment is ineffective because

of their late diagnosis. (65)

Twenty years ago, Diabetes mellitus was 17th  cause of blindness but now it has

been the 6th cause of blindness. The prevalence of proliferative DR was 0% at the first 3

years and increased to 25% at 15 years among these patients.(66) 2% of patients  with less

than 5 years of duration develop proliferative retinopathy and  25% of patients develop

retinopathy with duration more than 25 years.
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PATHOPHYSIOLOGY OF DIABETIC RETINOPATHY

TISSUE- SPECIFIC VASCULAR ALTERATIONS IN DIABETES:

RETINA

In most of the Industrialised Nations the leading cause of blindness remains to be

Diabetic Retinopathy (67). The morphological alterations include capillary basement

membrane thickening, raised permeability of the vessel, loss of pericytes, capillary

microaneurysm formation, all of which leads to fall in retinal blood flow, occlusion of

capillaries, haemorrhage, angiogenesis, scar or fibrotic tissue development and retinal

detachment by traction. All of these alterations may result in either impairment or permanent

vision loss(68). In Retina, pericytes are mainly involved in stabilising endothelial cell and

maintaining vascular integrity with the help of Platelet Derived Growth factor-β (PDGF-β).

Loss of these pericytes in diabetes, causes microaneurysms, capillary leak, blood flow fall

and leucostasis(69-71). Angiogenesis is due to retinal hypoxia, which increases the expression

of angiogenic mediators like vascular endothelial growth factor (VEGF) and placental

growth factor (PIGF).

The Diabetes Control and Complications Trial (DCCT) and United Kingdom

Prospective Diabetes Study (UKPDS) clinical trials stated that there is strong association

between chronic hyperglycaemia and  diabetic retinopathy progression. The mechanism by

which chronic hyperglycemia produces microvascular damage   remains unclear.(72,73) The

pathophysiology of involvement of central neural pathway in diabetes is multifactorial

which may be due to vascular or metabolic cause. The biochemical pathways involved in the

development of diabetic retinopathy are increased polyol pathway resulting in decreased
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availability of NADPH, activation of diacylglycerol- (DAG-)PKC pathway, increased

expression of growth factors such as vascular endothelial growth factor (VEGF) and insulin-

like growth factor-1 (IGF-1), haemodynamic changes, oxidative stress, subclinical

inflammation and leucostasis . Renin-angiotensin-aldosterone system (RAAS) activation

and accelerated formation of advanced glycation endproducts (AGEs).

FORMATION OF ADVANCED  GLYCATED END PRODUCTS

The Pathologic process that occur in Diabetic retinopathy are

1.Microaneursym formation

2.Increased vascular permeability

3.Occlusion of retinal blood vessels

4.New retinal blood vessel proliferation and fibrous tissue deposition in retina

5.Fibrovascular contraction and vitreous.
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PATHOGENESIS OF DIABETIC RETINOPATHY
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There is orderly  progression of pathologic process which is leading to Diabetic

retinopathy.First there  will be increase  permeability of retinal blood vessels,then occlusion

of blood vessels followed by macular edema and fibrovascular prolife ration finally leading

to vitreous hemorrhage. Diabetic retinopathy is classified as Non proliferative and

proliferative type based on microvascular changes in retina and  neovascularisation of retinal

blood vessels .Non proliferative type is followed by proliferative type of retinopathy.

COMPARISON BETWEEN NORMAL RETINA AND DIABETIC RETINOPATHY
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TYPES OF DIABETIC RETINOPATHY

RISK FACTORS

The risk factors of diabetic retinopathy include Increased blood glucose , systemic

hypertension, dyslipidemia, anaemia, increased duration of disease and obesity

HYPERGLYCEMIA

Poor glycemic control is associated with increased severity of retinopathy. In Diabetic

control and complication trial (DCCT), randomized control trial was designed to assess the

role of blood glucose in causing diabetic retinopathy. Diabetic patients were randomly

selected for conventional and intensive treatment and followed for 4 to 9 yrs after treatment..
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(74-78) Based on   HbA1 C results were assessed that  for every 10% reduction in HbA1C there

was 35  to 40 % reduction in  progression of retinopathy( 8% to 7.2%).

TREATMENT:

Proper metabolic control significantly reduces the risk of development and

progression of ocular complications Type 2 Diabetes. Laser photocoagulation and

vitrectomy are done for the treatment of vision threatening retinopathy.

Laser Photocoagulation for Sight-Threatening Diabetic Retinopathy

Types of Laser delivery system

1) The slit-lamp biomicroscope

2) The laser indirect ophthalmoscope

3) The endolaser probe

Types of Laser

1) Argon green laser

2) ND Yag laser

VITRECTOMY:

It is a surgical technique .The main aim of  vitrectomy is removal of the vitreous

hemorrhage, excision of tractional bands and to do endolaser.  The common indications are

non-resolving vitreous hemorrhage due to Proliferative Diabetic Retinopathy,  tractional

retinal detachment and combined traction - rhegmatogenous detachments to close retinal

breaks and also to relieve vitreomacular traction in persistent Diabetic macular edema.
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VISUAL EVOKED POTENTIAL

Visually evoked potential (VEP) is also called as visually evoked cortical potential

(VECP) or visually evoked response (VER). Visual Evoked Potential is a simple, non

invasive outpatient procedure, helps in detecting subclinical lesions in neural retina. It is

done after placing electrodes  in the scalp over the occipital cortex and electrophysiological

response is recorded in response to light stimulus.

The montage which is used for placing the electrodes is by  10 – 20  International

system which is  based on  size of head.(84) The most prominent projection in occipital part

of skull is Inion. The point at which there is intersection of two nasal bones and frontal bone

is Nasion. The active electrode is placed on the occiput based on distance between nasion

and Inion. Reference electrode (FZ) is placed 12 cm above Nasion and ground electrode

(CZ) is placed in  the vertex . The visual stimulus is checkerboard pattern of white and black

colour. Visual stimulus can stimulate both primary and secondary visual cortex area. Visual

Evoked Potential can detect any defect from the optic nerve to the occipital cortex. (79)

In the Neurology Department Electrophysiology lab , VEP is recorded using RMS

EMG EP mark II machine which is PC based and standard silver disc electrodes . The

subjects were instructed to fix their  gaze to the center of the screen. Test done with  each

eye  separately (monocular testing). Monoocular stimulation is done to prevent missing of

unilateral defects. (80) The stimulus protocols for recording VEP are of three types which

include Pattern VEP (PVEP), Pattern onset/offset VEP, and flash VEP. (81)
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TYPES OF VISUAL STIMULUS

CHOICE OF STIMULUS

The Pattern VEP is the prefered protocol because relatively it has less variation in

waveform and peak latency.(82) Checkerboard pattern reversal is the  simplest and reliable

stimulus,which is most widely used pattern visual stimulus. Patterned  reversal visual stimuli

will have  responses of less  intra and interindividual variation than responses to unpatterned

visual stimuli. Compared with Flash Visual Evoked Potential stimulus PVEP  detects minor

abnormalities in visual pathway  with much accuracy and  greater sensitivity.
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STIMULATION PATTERN:

The checkerboard patterns contains  (contrast 70%, mean luminance 50 cd/m2)  and

reversed in contrast at the rate of two reversals per second.

RECORDING OF VEP
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INSTRUCTIONS

 Thorough visual examination is done before doing the procedure.

 Cases and controls were informed about their procedure step by step.

 Allowed to use their refractive glasses or contact lens.

 Not to use mydriatic and miotic drops the day before the procedure.

 Advised to have good sleep

 To avoid sedatives.

 To have  hair wash to avoid grease free scalp.

STEPS

 Patient advised to sit comfortably

 Procedure done in dark sound proof room

 Advised to fix the gaze at the centre of the screen.

 Uniocular stimulation is given and results were taken followed by other eye.

 VEP stimulus : checkerboard pattern is placed at an eye screen distance of 100 cm.

 The latency of N 75, P 100,N 145 and amplitude of P 100 were measured for both

the eyes.

 Interpretation of results done.

WAVEFORMS OF VISUAL EVOKED POTENTIAL

The  waveforms in PVEP consists of three different phases,

 An initial Negative deflection N 75,

 A prominent Positive deflection P 100 and

 A later Negative deflection N145.
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The peak latency and peak-to-peak amplitudes of these waves were measured.

IMAGE SHOWING PROLONGED P100 LATENCY
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IMAGE SHOWING REDUCED P100 AMPLITUDE

AMP: AMPLITUDE

LAT: LATENCY

 N 75 represents the  activity of primary visual cortex and fovea

 P100 represents the activity of primary visual cortex and thalamocortical fibers

discharge.it is generated in striate and peristriate occipital cortex.

 N 145 represents the activity of visual association area.

 Peculiarities of P100 waveform  is that it has  the most  prominent peak, less subject

variation, less interocular difference and minimum variation with repeated

measurements over time.
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In older days , the  waveforms  of visual evoked potential are extracted

from electroencephalogram by signal averaging. In 1951 , a signal-averaging device

was first demonstrated by  ‘Dawson’  and  after then signal-averaging computers

have been introduced. VEP assess the neurofunctional integrity of the visual pathway

from retina via the optic nerves to the visual cortex in the brain than scanning

procedures like Magnetic Resonance Imaging (MRI). Any abnormalities in visual

pathway like demyelination of optic nerve , atrophy of optic nerve, compression of

visual  pathway by tumors, optic neuritis ,meningitis causing cortical blindness and

stroke can affect the visual evoked potential waveforms and there will be

prolongation of latency and decreased amplitude of waveforms. Thus excluding all

these conditions during ophthalmological examination helps in detecting diabetic

retinopathy at an earlier stage using VEP.

VISUAL EVOKED POTENTIAL RESPONSE IN TYPE II DIABETES MELLITUS

Diabetes mellitus not only affects peripheral nervous system also affects central

nervous system. It affects upto 50% of people with Diabetes and associated with duration

and severity of hyperglycemia. Electrophysiological investigation is a simple, non invasive,

objective sensitive screening tool in determining peripheral and central neuropathy in

diabetic patients. The only available technique for determining electrical activity of cerebral

cortex was (EEG)  electroencephalogram. But EEG does not provide detailed information

about  deeper brain structures. (85) But later newer electrophysiological techniques  like visual

evoked potentials (VEP) helped in assessing the normal visual functions. In this study,

checkerboard pattern of pattern reversal stimulus is given  and the electrical potential

differences  from the scalp in response to that visual stimuli is recorded. Abnormalities in
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VEP occur earlier due to retinal ganglionic cells damage before it is clinically evident by

fundoscopy.

In VEP examination,  the analysis of the P100 wave, assesses the visual function

from retina to the visual cortex, it acts a sensitive tool to study the possible effects  on the

visual pathway exerted by diabetes . There  may be prolongation in latency of P100

waveform and reduction in amplitude of P100 in VEP , which arises before diabetic

retinopathy  signs become clinically detectable. Hence, abnormalties which occur long

before clinically detectable structural alterations in the retina and in visual pathways, can be

detected by using this noninvasive electrophysiological technique.(86)
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RESULTS

The information collected  from cases and controls were  recorded in a master chart.

The association between Visual evoked potential waveforms like P 100 latency and

amplitude of P100 with  parameters like FBS , HbA1C , BMI  and duration of diabetes were

done in this study. Results were assessed by  using SPSS software - 23 version. Using this

software  mean,standard deviation, frequency, percentage, chi square and p values were

calculated.A “ p value “less than 0.05 was taken as significant relationship .Microsoft word

and excel sheet were used to create graph and charts.
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Table 1: Age

Age in years Frequency Percentage (%)

41-50 9 9.0

51-60 43 43.0

61-70 48 48.0

Total 100 100.0

Table 1: shows the percentage of age group between 41-50 years (9%), 51-60 years (43%)

and 61-70 years (48%).
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Table 2: Mean age

Groups N mean SD p value

Age Cases 50 61.80 5.639 .002*

Controls 50 57.84 6.472

Table 2: Mean age group  among cases was 61 years and 57 years among controls which

was statistically significant (p value =.002*) using independent t test.
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Table 3 : Gender distribution

Groups
Gender

Male Female

Cases 25(50%) 25(50%)

Controls 25(50%) 25(50%)

Table 3: The gender distribution was 50 %  among  males and 50% among females in both

cases and controls done using Chi square test.
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Table 4 : Mean Duration

Groups N mean SD

Duration Cases 50 5.96 1.702

Table 4:  The mean duration of diabetes mellitus was 5 years done using by independent t
test.

Table 5: Body Mass Index

Groups Body Mass Index p value

Normal

Over

Weight Obesity

Cases 21(42.0%) 13(26.0%) 16(32.0%)

.002*Controls 37(74.0%) 9(18.0%) 4(8.0%)

Table 5: Among cases 16 % was obese and 4% was obese in controls which was

statistically significant ( p value =.002*) using Chi square test.
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Table  6: Fasting blood sugar

Groups

Fasting blood sugar

p value

Normal Diabetic

Cases 36(72.0%) 14(28.0%)

.000*

Controls 50(100.0%) 0(0.0%)

Table 6: Among cases , 14 % had  increased fasting blood sugar levels which was

statistically significant (p value =.000*) using Chi square test.
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Table 7: HbA1C

Groups

HbA1C

p valueNormal Diabetic

Cases 33(66.0%) 17(34.0%)

.000*

Controls 50(100.0%) 0(0.0%)

Table 7: Among  cases ,17 % had increased HbA1C levels more than 6.5%which was

statistically significant (p value =.000*) using Chi square test.
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Table 8 : VEP distribution

Groups

VEP waveform abnormality

p Value
Negative

males

Negative

females

Positive

(males)

Positive

(females)

Cases 16(32.0%) 13(26.0%) 9(18.0%) 12(24.0%)

.002*

Controls 25(50.0%) 25(50.0%) 0(0.0%) 0(0.0%)

Table 8: Abnormalities in VEP waveforms were 12% among females and 9% among males

which was statistically significant (p value =.002*) using Chi square test.
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Table 9 : Latency of N 75, P100 and N145 waveforms and P100 amplitude  in Left eye
VEP

waveforms in
Left side Groups

N mean SD p value
N 75

latency (ms)
Cases 50 66.58 2.417 .004*

Controls 50 65.36 1.575
P 100

latency(ms)
Cases 50 104.62 9.035 .000*

Controls 50 96.98 1.478
N 145

latency(ms)
Cases 50 138.18 4.521 .001*

Controls 50 135.74 1.747
P 100

amplitude
(µv)

Cases 50 9.34 1.364 .000*
Controls 50 10.98 .869

Table 9: In left eye, the latency of P100  was  prolonged  with  mean and standard

deviation of  104.62±9.035 ms which was statistically significant in cases whereas in

controls it was 96.98±1.478 ms. The mean and standard deviation of  N 75 waveform was

66.58 ± 2.417  ms which was statistically significant in cases and 65.36 ± 1.575 ms in

controls which was statistically insignificant .The mean and standard deviation of   N145

waveform  was 138.18 ±4.521 ms in cases which was statistically significant and 135.74

±1.747 ms in controls which was statistically insignificant. The mean and SD of P100

amplitude among cases was 9.34 ± 1.364(µv) which was statistically significant using

Independent t test.
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Table 10 : Latency of  N 75, P100 and N145 waveforms and P100 amplitude in  right eye

VEP
waveforms in

right side Groups
N mean SD p value

N 75
Latency(ms)

Cases 50 66.64 2.164 .001*
Controls 50 65.38 1.510

P 100
latency(ms)

Cases 50 103.40 7.393 .000*
Controls 50 96.52 1.865

N 145
latency (ms)

Cases 50 136.48 2.033 .998
Controls 50 135.84 1.788

P 100
amplitude(µv)

Cases 50 9.28 1.443 .000*
Controls 50 10.62 .667

Table 10 : In right eye, the latency of P100(ms) was  prolonged  with  mean and

standard deviation  103.40±7.393  ms which was statistically significant in cases whereas in

controls it was 96.52±1.865 s. The mean and standard deviation of  N 75 waveform was

66.64 ± 2.164 ms  which was statistically significant in cases and 65.38 ± 1.510 ms in

controls which was statistically insignificant .The mean and standard deviation of   N145

waveform  was 136.48 ±2.033 ms in cases which was statistically significant and 135.84

±1.788 ms in controls which was statistically insignificant. The mean and SD of P100

amplitude among cases was 9.28± 1.443 (µv) which was statistically significant using

Independent t test.
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Table 11: Association of  P 100 latency prolongation of both eyes  with gender

Groups N mean SD p value
Left eye

P 100
latency (ms)

Female 50 100.42 7.346 .001*

Male 50 101.18 7.703
Right eye

P100 latency
(ms)

Female 50 99.88 6.432 .003*
Male 50 100.04 6.395

Table 11:  Among females ,the mean and SD of   P100 latency prolongation was 100.42 ±

7.346 ms  and 99.88 ± 6.432  ms in left and right eye  which was statistically significant

compared to males done using independent t test.
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Table 12: Association of P 100 amplitude with gender

Groups N mean SD p value

P 100
amplitude

(µv)

Male 50 9.80 1.229 .253

Female 50 10.10 1.374

Table 12: Statistically significant correlation was obtained between reduced P100 amplitude

(µv) with gender done using independent t test.
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Table 13: Association  between  P 100 latency prolongation  in both eyes  with

duration of diabetes

Duration N mean SD P value

Left eye
P100
latency(ms)

<5 years
20 97.85 1.899

.000*

>6 years
30 109.13 9.104

Right eye

P100

latency(ms)

<5 years
20 98.55 1.605

.000*

>6 years 30 106.63 7.976

Table 13: Statistically significant correlation was obtained between P100 latency

prolongation(ms) with duration more than 6 years in both eyes done using independent t test.
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Table 14:Association of P 100 amplitude with Duration of diabetes

Duration
N mean SD

P value

P 100
amplitude(µv)

<5 years
20 10.35 .745

.000*

>6 years 30 8.57 1.357

Table 14: statistically significant correlation was obtained between reduced P100

amplitude with duration more than 6 years done by independent t test.
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Table 15: Association of  P 100 latency prolongation  of both eyes with BMI .

Groups N mean SD
p value

Left eye
P100

latency(ms)

Normal 58 97.50 2.818

.000*Diabetic 42 105.36 9.383

Right eye

P100

latency (ms)

Normal 58 97.28 2.667

.000*Diabetic 42 103.67 8.011

Table 15:  statistically significant  correlation was obtained between P100 latency

prolongation of both eyes with BMI more than 25.99 compared with controls done using

independent t test.
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Table 16: Association of reduced  P 100 amplitude of both eyes with BMI

Groups N mean SD p value

P 100
amplitude(µv)

<24.99 58 10.45 .799 .000*

>25.00 42 9.26 1.547

Table 16: The association obtained between  reduced P100 amplitude with BMI more

than  25 .99 was statistically significant using independent t test.
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Table 17: Association of  P 100 latency prolongation  with FBS.

Groups N mean SD p value

Left eye P 100
latency (ms)

Normal 86 98.60 5.111 .000*
Diabetic 14 114.29 5.441

Right eye

P100 latency

(ms)

Normal 86 98.29 4.480 .000*
Diabetic 14 110.21 6.874

Table 17: The association between P100 latency prolongation of both eyes with FBS

levels more than 126 mg/dl was statistically significant using  independent t test.
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Table 18:Association of  latency prolongation of  P 100 in both eyes with HbA1C

Groups N mean SD P value

Left eye P 100
latency (ms)

Normal 83 98.07 4.271 .000*
Diabetic 17 114.12 5.231

Right ye P 100
latency (ms)

Normal 83 97.76 3.546 .000*
Diabetic 17 110.71 6.302

Table 18:  The  P100 latency was prolonged in both eyes with HbA1c levels more than

6.5% which was statistically significant using  independent t test.
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Table 19:Association of reduced  P 100 amplitude with HbA1C

Groups
N mean SD

p value

P 100 amplitude
(µv)

Normal 83 10.36 .878 .000*
Diabetic 17 7.94 1.197

Table 19: statistically significant correlation was obtained between  reduced  P 100

amplitude with HbA1C  levels more than 6.5%  using  independent t test.
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DISCUSSION

We  assessed the Pattern  Visual Evoked Potential changes  in  type 2 diabetes

mellitus without retinopathy. This was done with  50 type 2 diabetic patients  as cases and

50 healthy  subjects as controls in the  age group 35-60 years of both gender . The distribution

of age group between 41-50 years was 9% , 43% among  51-60 years and 48% among  61 -

70 years. The mean age was  61.8 years among  cases and 57.8 years among controls. The

mean duration among diabetics was 5.9 years.

Diabetic Retinopathy is  one of the microvascular complications in chronic diabetics.

The optic nerve involvement may develop in patients with type 2 DM before the onset of

symptoms. Electrophysiological test like pattern visual evoked potential act as  a simple,

screening tool for detecting  diabetic retinopathy at an earlier stage . Prolongation of P100

latencies observed in diabetics is  due to  structural damage at the level of myelinated optic

nerve fibers. Assessing the abnormalities in latency and amplitude of  various waveforms

in PVEP  helps in diagnosing diabetic retinopathy.

In Diabetes mellitus, elevated blood glucose is converted to sorbitol  and fructose by

polyol pathway  by the enzymes aldose reductase and  sorbitol dehydrogenase.  There is

accumulation of sorbitol and fructose in nerve cell membrane, both are osmotically active

compounds which leads to increase in the water content in the nerves. Delayed nerve

conduction was due to reduced membrane Na+- K+ ATPase activity and intra-axonal sodium

accumulation and also causes breakdown of nerve cell structure. Vascular hypothesis

explains  that, ischemia produces hypoxia which  causes  reduced blood flow to endoneurium

and increased endoneurial vascular resistance. Thereby decreased endoneurial oxygen
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tension acts as one of the causative factors in  diabetic central neuropathy. The prolongation

in   P100 waveform latency in visual evoked potential  acts as  a very sensitive screening

method of  optic nerve  demyelination .

The present study also found the abnormalities in pattern visual evoked potential  like

prolongation  of P100 waveform latency   in  type II diabetics without retinopathy compared

with that of non diabetic controls, which is similar to the findings of  the studies done by

Puvanendran et al. (1983) (87), Algan et al. (1989) (88), Mariani et al. (1990) (89), Moreo et

al.(1990) (90) . In our study, type 2 diabetic patients without retinopathy had  prolongation in

latency of P100 waveform.In left eye, the  mean and standard deviation of  P100 waveform

was 104.62 ± 9.035 ms which was statistically significant , whereas in healthy controls it

was 96.98 ± 1.478 ms, which was statistically insignificant. The mean and standard

deviation of  N75 waveform was 66.58 ± 2.417 ms which was statistically significant in

cases and 65.36 ± 1.575 ms in controls .The mean and standard deviation of   N145 waveform

was 138.18 ± 4.521 ms in cases which was statistically significant and 135.74 ± 1.747 ms

in controls which was statistically insignificant.

In right eye, the  mean and standard deviation of  P100 waveform was 103.40 ±

7.393 ms which was statistically significant , whereas in healthy controls it was 96.52 ±

1.865 ms, which was statistically insignificant. The mean and standard deviation of N75

waveform was 66.64 ± 2.164 ms which was statistically significant in cases and 65.38 ±

1.510 ms in controls .The mean and standard deviation of   N145 waveform  was 136.48 ±

2.033 ms in cases which was statistically significant and 135.84 ± 1.788 ms in controls

which was statistically insignificant.
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The pathophysiology of diabetic optic neuropathy is multifactorial, involving

vascular  and metabolic  factors, similar to the pathogenesis of diabetic peripheral

neuropathy.  Ischemia and reduced protein synthesis results in loss of nerve fibers in

peripheral nerves, similarly  optic nerve fibers also suffer from  diabetes induced changes.

Accumulation of some  mediators delays conduction of nerve impulse  in the visual pathway,

which causes delay in latencies found in diabetic subjects as compared to healthy controls.

We also observed that, there was also reduction in amplitude of P100 waveform in

type II diabetics without retinopathy compared with that of non diabetic controls. Cirillo et

al.(1984) 91, Anastazi et al. (1985) 92, Millingen et al. (1987)93, Yaltkaya et al.(1988)94

observed the similar findings in their studies. The mean amplitude of left eye P100 waveform

was 9.34µV among cases which was statistically significant  and 10.98µV among controls.

The mean amplitude of right eye P100 waveform  was 9.28µV  among cases which was

statistically significant  and 10.62µV  among controls.

Azal et al. (1998) (95) , Li et al. (2001) (96) , Attilla et al. (2006) (97) , Karlica et al.

(2010) (86) also reported that the pattern reversal visual evoked responses - the latency of

waveforms were delayed or prolonged in type 2 diabetes without retinopathy. They also

found that there was marked reduction in amplitude along with  the prolongation of latencies.

They related the latency delay of waveforms and the reduction in amplitude may be due to

disturbance in optic nerve conduction in diabetics  as a result of subclinical retinopathy. It

was reported that retinopathy  occurs  subclinically in about 40-73% of diabetic cases.

Bartek al(1989) (98) found PVEP abnormalities in diabetic patients and reported that

abnormalities did not correlate with level of retinopathy. Heravian J et al.(2012) (99), Ehyaei

A et al. (2012) (100) and Shoeibi N et al. (2012) (100) found that  there was no significant
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correlation between abnormalities in pattern visual evoked potential like prolongation in

latency of P100  with elevated blood glucose  in diabetic patients . They also reported there

was no significant   correlation between  latencies  of P100 with duration of diabetes mellitus.

Our study found that there was a reduction in amplitude of P100 which is more in

females  with diabetes compared with that of males. The mean and standard deviation of

P100 amplitude was 10.10 ± 1.374 µv in females and the mean and standard deviation of

P100 amplitude was 9.80 ± 1.229 µv in males.

Among males, the mean and standard deviation of P100 latency prolongation was

101.18 ± 7.70 ms  in left eye and 100.04 ± 6.39 ms in right eye. Among females , the mean

and standard deviation of P100 latency prolongation was 100.42  ± 7.346 ms in left eye and

99.88 ± 6.432 ms in right eye. We also found that the latency of P 100 was prolonged in

males with diabetes than females which was similar to that of a study done by Tandon OP et

al.(101) and Sharma KN et al. (1989) (102), Shibasaki H et al. and Kuroiwa Y et al. (1982).

They all observed that males had significantly longer latencies of N75, P100 and N145 was

compared to females. Females in both left and right eye had higher amplitude of  P100 wave

as compared to males. The exact cause of this gender difference in VEP parameters may be

related to anatomical or endocrinal differences. Similarly, Kaneda Y et al. (1996), reported

that the gender  differences in Visual Evoked Potential  was due  to genetically determined

sex differences in neuroendocrinological systems.

Our study  observed that the type 2 diabetic patients  with more than 5 years duration

were found to have P100 latency prolongation compared with that of  patients  with  less

than 5 years duration, which was similar to findings of studies done by Parisi et al.(1997)
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(103), Yaltkaya et al. (1988) (94), Mariani et al. (1995) (90), Omer et al.(1996) , Dolu H et

al.(2003) (104) , Azal O et al.(1998) (105) , Li P et al. (2001) (96) and Chopra et al.(2011) (106).

Raman et al.(1997) (107) reported that, the latencies of P 100 were prolonged

significantly in diabetic patients compared with healthy controls. A significant  positive

correlation was found between the prolonged  P100 latencies with the metabolic control of

diabetes and duration of diabetes in their study . But Ziegler et al.(1989) (108) found that there

was  no  significant correlation between prolongation in latencies of P 100 with duration of

Type II diabetes .

Abnormalities in waveform of visual evoked potential of both eyes was due to poor

metabolic control, duration of diabetes mellitus and elevated serum lipids.

In our study we found significant correlation between P100 latency prolongation

and fasting blood glucose which was similar to findings by Lana et al. (2009) (109) where they

found a positive correlation between  prolonged P100 latencies and fasting plasma glucose

levels. Kumar S et al.(2013) (110) , Verma V et al., Omer et al. (1996), and Algan et

al.(1989)(88) reported that there was no positive and significant correlation between

prolongation in latencies of P 100  and fasting  blood glucose  levels. Abnormally increased

levels of  blood glucose for a chronic period causes damage of retinal ganglion cells which

results in P100 latency prolongation.

In our study, type 2 diabetics with elevated HbA1C levels (>6.5%) are found to have

abnormalities like P 100 latency prolongation and reduction in amplitude of P 100 wave

which was statistically significant, similar to observations done by Karlica et al.(2010)(86).
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The mean and standard deviation of HbA1C association with P100 latency prolongation was

114.12 ± 5.231ms in left eye and  110.71± 6.302ms in right eye.

Our study showed that there was statistically significant correlation between  latency

of P100 waveform  prolongation  and  body mass index. The mean and standard deviation

of  P100 latency prolongation association with BMI was 105.36 ± 9.383 in left eye and

103.67 ± 8.011 in right eye respectively. The latency  prolongation of P100 waveform  in

obesity was due to  delay in optic nerve conduction . Obesity  itself  represents a state of  low

grade inflammation resulting in hypoxia. Adipose tissue  induces secretion of various

cytokines like IL1, IL6 and TNF alpha. These mediators acts as stimulators for NADPH

oxidase activity leading to reactive oxygen species production resulting in oxidative stress.

Thus obese diabetics are prone to develop retinopathy compared with that of  non obese

diabetics .
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CONCLUSION

In our study, the following correlations between pattern visual evoked potential

waveforms like P100 latency and P100 amplitude with various parameters in type 2 diabetes

mellitus were obtained.

We have found the abnormalities in VEP waveforms like P100 latency prolongation

in diabetics compared to controls and also significant  reduction in  P100 amplitude in

females.

Our study showed a statistically significant correlation between VEP waveform

abnormalities like  reduced P100 amplitude  and P100 latency prolongation with  duration

of diabetes more than 5 years.

There was statistically significant correlation between reduced P100 amplitude and

P100 latency prolongation with body mass index among cases. This proves that obese

diabetic patients are at higher risk of developing diabetic retinopathy compared to non obese

diabetics. Healthy dietary habits and  regular physical exercises helps in  maintaining body

weight, along with  regular management reduces the risk of development and progression of

diabetic retinopathy in type 2 diabetes mellitus.

Among the diabetics, there was statistically significant correlation  observed between

P100 latency prolongation and reduced P100 amplitude with fasting blood glucose levels in

diabetic cases compared with controls.

Also there was a statistically significant correlation between P100 latency

prolongation and P100 amplitude reduction  with  elevated  HbA1C levels more than >6.5%.



90

Therefore proper glycemic control in type 2 diabetics reduces the development and

progression of  diabetic retinopathy.

In diabetic retinopathy, the neural layer of retina undergoes various biochemical and

physiological changes before the structural changes, which can be detected earlier by using

electrophysiological test like pattern visual evoked potential which is a simple, noninvasive,

sensitive and reliable  method of detecting the subclinical retinal changes in diabetes mellitus

before being clinically evident using fundus photography. Thus pattern visual evoked

potential can be used as a routine screening method for  assessing optic nerve conduction  in

type 2 diabetic patients  for  proper management and  prognosis during the treatment of

diabetic retinopathy.
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LIMITATIONS

Our study was a  basic  screening of type 2 diabetes in detecting diabetic retinopathy

using  pattern  visual evoked potential . A large sample size will be of great value to

demonstrate association between VEP waveform abnormalities and various parameters in

type 2 diabetes.
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PROFOMA

Name:

Age/sex :

Father’s /Husband name:

Married / Unmarried:

Residential address:

Contact no:

Educational qualification

Occupation:

Personal history

Veg / Non veg:

Smoker /Non smoker:

Alcoholic / Non alcoholic:

MEDICAL HISTORY:

Diabetes mellitus Yes / No

If yes , duration of diabetes :

Type of diabetes:

Regular /irregular treatment:

Frequency of blood investigations:

Had ophthalmological examination recently  : yes/no

Systemic hypertension yes /no

Ischemic  heart  disease yes /no

Tuberculosis yes /no



Chronic kidney disease                                      yes /no

Bronchial asthma yes /no

Chronic drug intake:                                           yes /no

CLINICAL EXAMINATION

Height :                         (cms)

Weight :                        (kgs)

Blood pressure:           (mmHg)

Examination of respiratory system:

Examination of cardiovascular system:

Examination of abdomen:

OPHTHALMOLOGY EXAMINATION

Slit lamp examination:

Visual acuity:

Intraocular pressure:

Fundus examination:

BLOOD INVESTIGATIONS:

Recent  fasting blood Sugar level (FBS):

Postprandial blood sugar level (PPBS):

Glycated Hemoglobin level (HbA1C):

Total cholesterol  level :

High density lipoprotein level:

Low density lipoprotein level:







S.No NAME
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E

SE

X
SYSTOLIC BP 

DIASTOLIC 
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DURATION BMI
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PPB
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HBA1
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TCH
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L

LD
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L N 

75

LP 

100

LN 
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LP 100 

ampli 

RN 

75

R 

P100

R 

N145

P100 

amplitude
DR

1 annamalai 68 1 150 90 6 24.13 112 167 4.1 198 35 109 64 100 134 10 68 100 135 10 negative

2 gomathi 62 2 150 80 10 32.15 129 298 6.3 230 34 160 66 112 140 9 65 109 134 8 negative

3 shanmugam 53 1 120 80 5 23.99 121 202 4.2 200 39 112 65 98 135 11 64 98 138 11 negative

4 nazim basha 65 1 140 80 8 33.62 135 307 6.1 213 35 156 64 110 142 8 69 112 139 7 negative

5 murugan 55 1 130 80 6 29.47 131 297 6.2 209 34 159 67 112 137 8 64 99 135 11 negative

6 esakimuthu 56 1 130 80 4 24.92 121 200 4.1 192 37 112 65 98 134 10 65 98 137 10 negative

7 muthulakshmi 59 2 130 90 6 25.07 108 198 4.1 189 34 121 64 100 135 11 65 96 138 10 negative

8 saraswathi 63 2 140 90 5 26.72 106 154 3.9 182 35 103 65 99 132 10 64 100 135 10 negative

9 shantha 68 2 150 90 7 32.14 139 285 6.1 216 38 151 63 109 138 8 68 118 138 8 negative

10 sulthanbeevi 53 2 150 90 8 31.62 134 299 6.5 227 34 152 65 118 142 8 65 100 137 9 negative

11 jannath 56 2 130 80 5 24.97 117 185 4.1 192 36 102 65 97 136 10 68 99 135 8 negative

12 gnanaraj 67 1 130 90 4 22.76 109 187 4.1 189 35 104 68 100 140 11 68 101 136 11 negative

13 padmanaban 68 1 140 90 6 28.48 104 276 6.3 216 38 158 71 106 143 6 69 109 138 6 negative

14 arifaa 68 2 160 90 5 24.77 119 198 4.5 200 35 123 64 98 132 11 68 100 137 10 negative

15 rajendran 66 1 130 90 4 24.77 112 180 3.8 189 39 119 65 97 135 10 65 98 134 11 negative

16 subramanian 69 1 140 80 7 29.45 132 289 6.1 204 37 151 69 119 142 7 70 117 139 7 negative

17 rathakrishnan 64 1 150 80 7 30.12 136 312 6.1 218 33 156 68 120 138 7 69 118 138 7 negative

18 arumugam 61 1 150 90 8 31.16 126 294 6.3 229 38 157 69 118 149 9 68 98 139 10 negative

19 ranibai 59 2 140 90 4 28.04 104 178 4.3 211 40 126 65 103 139 10 67 99 136 11 negative

20 nadarajan 52 1 140 90 5 25.92 101 187 3.9 187 37 119 64 97 137 11 65 100 137 10 negative

21 saravanan 54 1 140 80 4 24.24 109 190 3.9 195 39 120 65 96 140 11 65 97 135 11 negative

22 malaiappan 67 1 160 80 7 32.45 125 236 6.1 204 34 154 71 115 141 6 69 114 139 7 negative

23 veni 60 2 140 80 7 31.09 120 300 6.1 203 34 125 69 116 146 8 69 109 138 7 negative

24 solomon 62 1 130 80 4 24.46 112 209 4.2 216 35 114 68 98 139 10 67 98 136 10 negative

25 eswari 58 2 120 80 4 25.45 118 260 5.2 209 39 124 64 96 132 10 65 96 138 11 negative

26 mohammed 61 1 160 80 8 32.12 129 296 6.1 229 34 159 65 106 140 8 68 116 138 8 negative

27 annalakshmi 69 2 140 90 6 24.52 103 208 4.2 218 40 132 65 90 132 11 63 95 135 10 negative

28 muthaya 52 1 130 80 7 24.03 103 179 4.1 189 39 112 63 98 139 10 64 96 134 10 negative

29 karupasamy 50 1 130 70 6 21.49 101 186 4.3 198 41 128 64 96 134 10 65 100 134 11 negative

30 jeyanthi 68 2 140 80 8 30.42 120 279 6.2 220 38 152 68 118 141 9 69 115 139 8 negative

31 muthukrishnan 64 1 130 80 5 25.45 118 198 3.8 203 36 126 65 95 139 10 68 100 138 10 negative

32 ponnamal 61 2 162 90 9 31.23 119 256 4.9 216 34 159 70 120 142 9 65 112 136 8 negative

33 pappamal 60 2 130 80 6 25.71 99 167 3.5 219 41 126 68 96 136 11 67 97 135 9 negative

34 ammu 58 2 160 90 8 29.02 127 298 5.2 216 39 156 69 117 139 8 68 113 138 8 negative

35 rani 56 2 130 80 7 32.56 135 304 5.4 238 37 154 69 107 148 9 68 107 134 8 negative

36 aleema banu 61 2 130 90 4 24.39 102 178 3.2 205 42 114 64 97 136 10 63 96 136 10 negative

37 sherry 69 2 140 90 5 24.78 98 167 3.6 194 40 120 67 95 137 10 64 100 138 11 negative

38 mahadevan 68 1 140 80 6 30.44 123 245 4.5 212 40 117 65 97 139 11 65 100 135 10 negative

39 latha 65 2 140 90 6 24.24 123 267 4.4 235 39 125 65 100 138 10 67 98 137 11 negative

40 sundari 60 2 130 80 5 25 101 199 3.4 195 42 104 68 100 130 10 70 99 135 10 negative

41 tamilselvan 53 1 120 90 4 22.58 110 178 3.2 192 37 108 69 98 132 10 63 100 138 11 negative

42 kumaresan 62 1 140 90 8 31.32 107 198 6.2 184 33 156 68 109 134 8 70 112 138 8 negative
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43 tharani 68 2 140 80 7 32.67 135 287 6.3 209 35 158 71 110 141 9 70 112 139 8 negative

44 pichiyammal 65 2 130 80 6 22.76 113 159 4.5 224 41 135 67 114 139 9 68 110 138 8 negative

45 amudha 68 2 140 90 2 22.15 104 189 4.2 184 37 106 65 97 131 10 64 99 135 11 negative

46 kumari 67 2 140 80 8 30.86 132 234 6.2 205 34 159 72 119 142 8 69 113 139 8 negative

47 girinathan 69 1 150 90 4 21.63 104 223 4.1 225 37 129 66 98 134 11 64 95 134 10 negative

48 amalan 67 1 160 80 8 29.89 132 286 6.1 217 35 162 71 123 150 7 68 111 132 8 negative

49 shylaja beevi 61 2 140 90 6 23.11 113 176 4.1 198 34 104 67 99 140 9 68 93 130 9 negative

50 ganesan 55 1 120 80 3 22.38 94 187 3.5 193 36 114 65 100 138 10 65 98 138 10 negative
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1 bhakiyam 47 2 110 80 24.33 102 163 3.7 198 38 103 65 100 137 13 68 99 135 12 negative

2 ramalakshmi 56 2 120 80 21.78 112 154 4 203 39 112 64 99 136 12 67 98 138 11 negative

3 devarajan 59 1 110 80 29.89 103 169 4.2 210 41 109 65 98 134 10 64 97 139 11 negative

4 hameed 60 1 120 80 26.56 99 173 3.6 198 40 94 65 97 134 11 63 96 136 10 negative

5 sathya 56 2 120 90 21.57 90 134 3.9 208 40 98 68 98 135 13 65 99 138 11 negative

6 gopalakrishnan 62 1 120 70 25.89 110 165 4.1 210 39 109 65 96 138 11 63 98 137 11 negative

7 sundharajan 61 1 110 80 23.74 104 158 3.9 198 41 98 65 97 137 10 62 97 135 10 negative

8 ramani 52 2 120 80 21.78 106 154 3.8 210 39 103 67 98 134 12 64 98 136 11 negative

9 jagadesh 63 1 130 80 23.45 110 163 3.6 200 41 99 69 95 135 11 64 99 138 10 negative

10 arumugam 59 1 120 80 22.98 98 169 4.2 204 38 98 65 98 138 10 65 100 137 10 negative

11 kamalakannan 62 1 130 80 21.49 99 159 3.9 193 39 110 64 97 134 10 67 98 137 10 negative

12 paneerselvam 56 1 110 70 24.78 104 162 3.8 203 42 102 65 96 136 11 66 95 138 10 negative

13 waheedha 64 2 120 70 32.78 100 154 4.6 198 38 98 67 99 137 11 65 95 135 11 negative

14 thangam 60 1 130 80 22.51 99 162 4.2 205 41 104 69 96 136 12 67 94 136 10 negative

15 gowri 58 2 110 80 23.12 104 160 3.5 189 37 110 65 96 139 12 64 95 139 12 negative

16 damodharan 65 1 120 80 25.65 110 154 4.2 209 41 109 66 97 136 12 65 96 138 11 negative

17 kanaga 66 2 120 70 20.89 109 170 3.8 197 36 102 67 95 138 11 67 95 134 11 negative

18 jamuna 68 2 120 80 34.76 97 157 4.2 232 40 112 65 97 137 10 65 99 135 11 negative

19 arunachalam 62 1 130 80 32.76 109 169 4.9 228 40 118 68 99 135 11 66 98 137 10 negative

20 rajesh iyer 60 1 120 80 23.5 106 158 3.2 193 41 98 67 95 136 10 67 94 134 10 negative

21 vairamuthu 67 1 120 90 21.7 114 160 3.9 187 40 92 65 98 138 10 65 96 135 10 negative

22 mano 69 2 120 80 29.87 105 159 4.5 197 39 96 65 99 137 10 65 95 134 11 negative

23 kowsalya 63 2 120 70 27.59 100 165 4.3 205 41 112 68 95 137 11 64 94 135 11 negative

24 bhuvaneshwari 52 2 130 70 23.6 106 176 4.2 194 39 97 65 97 138 11 65 95 134 10 negative

25 pownu 53 2 120 80 21.84 98 139 4.1 186 41 93 62 98 135 12 65 96 136 11 negative

26 vanaja 58 2 120 80 23.64 105 173 3.5 194 42 90 64 96 136 12 64 94 135 12 negative

27 harikrishnan 57 1 130 90 24.84 110 153 4.1 189 41 96 65 97 139 11 68 96 134 10 negative

28 boopathy 59 1 120 80 31.49 87 157 4.8 198 39 105 64 95 138 10 67 95 139 10 negative

29 fathima 64 2 120 70 24.61 110 159 3.9 189 40 99 63 98 134 11 65 97 136 11 negative

30 lakshmi 49 2 110 80 23.46 103 165 3.4 192 39 96 65 99 135 12 64 98 134 11 negative

31 dhanalakshmi 60 2 120 80 27.61 98 168 3.8 189 41 99 63 95 137 11 65 99 136 12 negative

32 usha 47 2 120 80 22.8 93 159 3.9 194 40 95 62 96 134 11 67 94 135 12 negative

33 ramachandran 65 1 110 80 21.98 90 167 3.6 193 37 97 64 96 135 10 68 95 134 10 negative

34 ambika 53 2 110 80 24.78 95 164 3.8 189 39 95 64 97 134 11 65 99 135 11 negative

35 johnson 69 1 120 70 26.13 99 154 4.1 197 39 98 65 95 135 12 64 97 136 10 negative

36 muniyandi 54 1 110 70 24.13 98 153 3.9 189 39 96 67 97 134 11 68 96 130 10 negative

37 gayathri 48 2 120 80 25.74 119 158 4.1 198 41 98 66 96 136 10 65 94 135 10 negative

38 sreevidya 46 2 120 80 22.89 104 159 3.9 179 40 100 65 95 135 11 65 96 134 11 negative

39 shanthi 52 2 120 80 20.56 97 146 3.8 189 41 99 67 99 134 12 68 99 135 10 negative

40 kamal 50 1 110 80 21.45 95 168 3.9 184 39 95 64 96 139 10 65 98 136 10 negative

CONTROLS 
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41 yuvaraj 58 1 110 80 19.56 96 157 3.8 185 38 98 65 97 136 10 66 94 139 11 negative

42 anandbabu 56 1 120 80 19.34 104 165 3.9 187 39 99 67 98 134 10 67 95 136 10 negative

43 vinodha 43 2 130 80 20.49 113 176 4.1 203 38 100 65 99 136 12 65 100 135 10 negative

44 danalakshmi 59 2 120 80 22.4 98 173 3.9 205 38 98 66 100 135 11 67 95 138 11 negative

45 somu 60 1 120 80 23.15 98 170 3.6 198 39 103 67 96 134 10 64 96 134 10 negative

46 sreejith 64 1 110 80 23.45 90 174 3.9 195 38 98 65 98 135 10 63 97 137 10 negative

47 varun 53 1 120 70 21.69 89 180 3.8 185 37 104 65 95 136 11 65 98 134 11 negative

48 kokila 48 2 110 70 22.47 91 176 3.7 192 38 98 64 96 130 12 64 99 135 11 negative

49 mariammal 65 2 120 80 21.86 83 165 4.1 185 39 97 65 95 135 11 65 95 138 11 negative

50 mohammed fahad 55 1 110 80 24.38 81 168 4.4 189 39 105 65 98 134 10 67 94 136 10 negative

51 janaki 45 2 120 80 21.89 97 179 4.9 208 40 109 64 95 132 11 68 96 137 10 negative
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