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ABSTRACT

Background and Objective

Diabetic retinopathy(DR) and Diabetic peripheral neuropathy(DPN) is the commonest
complication which occur in diabetes mellitus. Both are microvascular complications and is
said to share a common pathophysiology. It was noticed that the patients with either one may
be missed by the treating doctor as both these complications are dealt by two different
specialties. Hence, this study was undertaken to look for a clinical correlation between both
DR and DPN and their relation to the glycemic inconsistency and the glycated hemoglobin

levels.

Methods
This is a hospital based Cross-sectional observational study involving 156 attending the
ophthalmology OPD and the in-patients department at R L Jalapa hospital attached to

Devaraj Urs Medical College, Tamaka, Kolar from between December 2019 and May 2021.

Results

The DR severity in both the eyes was found to considerably increase with increase in
duration of Type Il DM among the patients (p<0.001). Similarly mean FBS and mean PPBS
is seen to be significantly high amid patients with diabetic DPN compared to those without
(p<0.001). The mean FBS and the mean PPBS were higher in the PDR group compared to
other patients with DR (p<0.001). Proportion of patients with DPN was found to pointedly

increase with increasing severity of DR in both eyes among the patients (p<0.001). A

statistically significant association was seen to be present between DR and DPN.




Conclusion and interpretation

This study, demonstrated a positive correlation between severity of DR and existence of DPN

and its relationship with the HbAl1c variability. And it emphasized the need for a

interdepartmental involvement for the complete evaluation and management.

Keywords: Diabetes mellitus, diabetic retinopathy, peripheral neuropathy, glycated

hemoglobin
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INTRODUCTION



INTRODUCTION

Diabetes mellitus (DM) is a non-communicable disease and it is the most rampant one all
through the world and has turned out to be one of the biggest threat to the health of the public

across the globe.

The worldwide prevalence of DM is said to increase in the coming decades, from an

approximated 382 million in the year 2013 to 592 million by year of 2035."

Type 1l diabetes has been said to have already reached an epidemic level, while type |

diabetes is said to have been displaying an increased incidence over the previous few years.

Patients with diagnosis of DM have been found to suffer from many complications which is
found to be both life limiting and life threatening, these complications include macrovascular
which include stroke, ischemic heart disease, peripheral artery disease and microvascular

complications like retinopathy, neuropathy, and nephropathy.

Frequently encountered microvascular complication of DM are DR and DPN. Both of these
microvascular complications are dealt by two different specialities and hence a better
understanding of the relationship of the two will help us in early management and deterring

the onset of complications.*

DM is characterized by hyperglycaemia which is said to be due to underlying insulin
deficiency. In type | DM, the hyperglycemia is caused due to T cell-mediated autoimmune
damage of the pancreatic-beta cells which are insulin-secreting and thereby there is an
absolute deficiency of insulin. In type Il DM, there is relative deficiency of insulin because of
resistance to action of insulin and it therefore belongs to a group of conditions which are
being called the ‘insulin resistance syndrome® or ‘metabolic syndrome‘.>’Among the two it

has been perceived that Type 11 DM is existent in 90% to 95% of patients.

Page 1



Retinal small blood vessels, which are named as the vasa-nervorum and the glomeruli of
kidneys are at a very high risk to damage due to chronic hyperglycaemia and undergo
characteristic changes such as thickening of capillary basement that finally lead to
microangiopathy.” Diabetic retinopathy is due to progressive vascular dysfunction in the
retina, and vascular dysfunction in the peripheral nerves which leads to diabetic neuropathy
and in the vascular dysfunction of kidneys ultimately leads to diabetic nephropathy. The
chronic complications linked with the disease are the leading cause for the majority of

morbidity, mortality and health care expenditure connected with DM.®

The most frequently encountered complications of a patient suffering from DM is retinopathy
and neuropathy. The worldwide prevalence of DR was reported with type 1 DM to be 60%
in and with type 2 DM with 25.2 %.° DPN was said to have an effect in about one third with
type 1 DM and more than half in those with type 2 DM.* DR is known to be an illustration
of microvascular complications and said to be the root cause of blindness which is
irreversible in the working age population.’® DPN is a microvascular complication which is
commonly come across and a prime risk factor for lower extremity amputation following foot

ulcers.

Both DR and DPN are microangiopathies and have the same pathophysiology, thus the
existence and severity of either one could reflect on that of the other.'? The eye is said to act
as a window for the diabetic microangiopathic complications this relationship is noted
between retinopathy, neuropathy and nephropathy. **** And since they are diagnosed and
managed by different specialties, the patients often tend to receive only one mode of care and
treatment and may not be referred for the other systemic complication and thus they tend to
be untreated for a longer duration leading to increased complication and debilitation. A better
insight to the interrelationship between DR and DPN will emphasize the need for screening

for other complications.
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Previous studies carried out to look for the interrelationship between DR and DPN have
found a positive correlation which is significant statistically between the two. But it has been
observed that such studies correlating grades in DR with that of the severity of DPN are

found to be highly limited. *3

The glycosylated hemoglobin (HbA1c) levels also help us to identify the glycemic control of
the individual and, the interrelation between the two complications along with their grades

are correlated with their levels of HbAlc.

So, this study was marshaled with the aim of correlating the grade of DR with that of DPN

and gauging their link with the glycated hemoglobin levels.
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OBJECTVES OF STUDY

To establish a correlation between diabetic retinopathy, diabetic neuropathy and

glycated hemoglobin levels.
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REVIEW OF LITERATURE

DM a metabolic disorder involving all the systems and whose hallmark trait include an
increase in blood sugar levels due to an absolute or relative inadequacy in the production of

insulin.?!

Factors contributing to hyperglycemia include in DM.%
1. Reduced insulin production

2. Decreased glucose uptake

3. Increased glucose synthesis.

The metabolic dysregulation present with DM causes a series of pathological and
physiological changes in the different organ frameworks that forces a enormous load on the
person suffering with diabetes and on their health care. DM is said to be one among the major
cause of end stage renal disease (ESRD), non-trauma related lower limb amputations and
adult onset irreversible blindness. It also said to make patient prone to a risk for
cardiovascular diseases. With an increasing incidence throughout the world, DM is
presumably going to continue to be a foremost cause of morbidity and mortality across the

globe in the upcoming days of the future.??

CLASSIFICATION OF DIABETES MELLITUS

The older classification divided the disease depending on the mode of treatment into insulin
dependent and non-insulin-dependent forms, but this classification was complicated when

different subgroups needed to be considered.?
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Types of diabetes

1. Type 1 diabetes: presents at a very early age which is commonly acute in onset, but it
can have an onset later on during adult life.? Islet-specific autoimmunity is said to be
the reason for the majority of people. The requirement for the controlling of the
hyperglycaemia in this DM is insulin. It is said to account for almost 10% of all
diabetes.

2. Type 2 diabetes: most common, accounts for >90 percent of all diabetes and seen to
have a gradual onset. The risk factors included are obesity, absent physical activity,
unhealthy diet, stressful life, urbanisation and in certain people genetic predisposition.
When it occurs in a younger age, it is known as youth-onset Type 2 diabetes, is seen
to be rising in the recent years.?

3. Hyperglycaemia in pregnancy (gestational diabetes) is when women with no known
previous history of diabetes develop high blood sugar levels in the later parts of their
pregnancy. This condition is usually is seen to resolve after the delivery.

4. Diabetes secondary to other systemic conditions, such as chronic pancreatic illness, or
secondary to intake of certain medication for example use of steroids .

A newer classification has been proposed recently, which delineate five subgroups of
diabetes formulated on six biomedical markers (including beta-cell function and

insulin resistance) and the complications risks.?

Diabetes Mellitus classification based on etiology. %>
I. Type 1 diabetes (due to reduced beta cell numbers)
a. Immune-mediated

b. Idiopathic
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I1. Type 2 DM (due to insulin resistance or decreased insulin production)

[11. Other types of diabetes.

a. Genetic deficiencies of B cell function characterized by mutations in:

i. Hepatocyte nuclear transcription factor (HNF) 4 (Maturity onset diabetes of the young

1(MODY 1)).

ii. Glucokinase (MODY 2).

iii. HNF-1 (MODY 3).

iv. Insulin promoter factor-1 (IPF-1; MODY 4).

v. HNF-1 (MODY 5).

vi. NeuroD1 (MODY 6).

vii. Mitochondrial DNA.

viii. Subunits of ATP-sensitive potassium channel.

iX. Proinsulin or insulin conversion.

b. Genetic defects in action of insulin

i. Type A insulin resistance.

ii. Leprechaunism.

iii. Rabson-Mendenhall syndrome.

iv. Lipodystrophy syndromes.

c. pancreas related disease-pancreatitis, pancreatectomy, neoplasia, cystic fibrosis,

hemochromatosis, fibrocalculous pancreatopathy, mutations in carboxyl ester lipase.
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d. Endocrinopathies-acromegaly, Cushing's syndrome, glucagonoma, pheochromocytoma,

hyperthyroidism, somatostatinoma, aldosteronoma.

e. Drug or chemical induced-vacor, pentamidine, nicotinic acid, glucocorticoids, thyroid
hormone, diazoxide, B-adrenergic agonists, thiazides, phenytoin, o-interferon, protease

inhibitors, clozapine.
f. Infections - Congenital rubella, cytomegalovirus, coxsackie.

g. Unusual forms of immune-mediated diabetes "stiff-person” syndrome, anti-insulin receptor

antibodies.

h. genetic syndromes occasionally associated with diabetes— Down's syndrome, Klinefelter's
syndrome, Turner's syndrome, Wolfram's syndrome, Friedreich's ataxia, Huntington's chorea,

Laurence-Moon-Biedl syndrome, myotonic dystrophy, porphyria, Prader-Willi syndrome

IV. Gestational diabetes mellitus (GDM).

EPIDEMIOLOGY
Diabetes — a global epidemic

Diabetes is very swiftly becoming the epidemic of the century across the globe. Type 2
diabetes mellitus, which is more rampant (>90% of all cases) and the main carter of the
diabetes epidemic, now influences 5.9% of the world's adult population with upto 80% seen

in the developing countries.”®

In 2014 it was roughly calculated that there are 422 million grown persons with DM
universally, and the widespread presence is increasing in most nations because of advanced

years, life-style changes and the interactions between the two parameters.”” The universal
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occurrence is seen to be greater in men (9%) than when compared with women (7.9%). In the
year of 2016 DM was categorized 8th highest in terms of years existed with disability,?® and
the years of lifespan lost from diabetes increased 31% between the years of 2006 and 2016
(ranked in 9th place in lower middle income nations).?® The frequency of diabetes increases
with age, affecting 13-20% of those aged 50 years and above. It was further noted that 352
million people have impaired glucose tolerance, which sharply increases the risk of
diabetes.*® The amount of grown person aged 2079 years with diabetes is said to surge to
629 million by 2045.% It was also discovered that three quarters of persons with diabetes live
in low income and middle income countries (LIC, LMIC) and close to half are not detected
with the disease till much later in life.*® Children and adolescents more than 1 million have
type 1 diabetes, and 1 in 6 births are to mothers with hyperglycaemia of pregnancy.*
Roughly 4 million demises were attributable to diabetes in 2012,*" and 12% of worldwide
health expenses is spent on diabetes care ($727 billion).*® The World Health Organization

(WHO) projects that diabetes will be the 7th leading cause of death by 2030.
Diabetes in India

In the year of 2016 there were a projected 65 million people suffering from DM in India with
the age of >20 years, which has seen to be amplified by 2.5 million since 1990.% In 2016
through out the country the occurrence was maximal in the states of Tamil Nadu, Kerala and
Delhi, and lowest in the states of Rajasthan, Bihar, Himachal Pradesh and North Eastern
States. The general age-standardized prevalence of DM is 7.9% (95% confidence interval
7.1-8.6%)* The overall predominance of diabetes is greater in males than females, and the
occurrence increases with age in men and in women, with a greater increase in men over
time. The driver for escalation in diabetes is increasing overweight, which has increased from
9% to 20.4% between 1990 and 2016. For every 100 overweight Indians aged 20 years or

above, 38 have diabetes, which is larger than the global average of 19.%
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In India almost half of all people suffering with DM (47%) are not identified, as in many
other nations,*® and are not attaining any form of treatment. As in other nations, in India the
majority of DM patients have type 2 DM, and in 2017 there were projected to be 128,500

young people (< 20 years) with Type 1 diabetes.*

Impact of diabetes in India and the response needed: A study conducted in India
estimated that between the year 2001 and 2003, 2.1% of all demises (136,000) were among
persons aged 15-69 years were attributable to kidney failure, and rising to 2.9% by 2010-13.
Diabetes was the maximal contributor of death from renal failure, with a higher odds in the
second time period than the first. 15 people born in the 1970s had a larger risk unlike those
born in the 1950s, suggestive of that it is becoming an important progressive cause of

untimely death in India.>

Economic impact of diabetes in India: A World Economic Forum report on the monetary
implications of non-communicable diseases (NCDs) estimated that India stands to lose
$4.58 trillion before 2030 due to NCDs and mental health conditions with diabetes alone
being responsible for US$0.15 trillion.*® Health care spending for people with DM is 2-3
times greater than people without. The average cost per person is projected to be INR 3,000—
10,000 per annum. The high cost of treatment leads to a greater incidence of non-compliance,
particularly among the lower socio-economic groups. Diabetes and its complications also
imposes an economic burden in terms of lost productivity and opportunity costs which impact

on the individual, families and society .**

A few epidemiological investigations in migratory Indians and India itself make evident that
the general population has a high hereditary inclination for diabetes, which is hastened by
means of natural factors like, suburbanization.®” Predominance of diabetes is 4-6 times lesser

in rural regions probably accredited to a customary way of life which has valuable impact on
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glucose tolerance (GT). National Urban Diabetes Survey piloted in 6 cities found age
standardized preponderance rates of 12 percent for diabetes with a slender male dominance
and 14 percent for impaired glucose tolerance. Individuals less than 40 years, occurrence of 5
percent for DM and 13 percent occurrence of impaired glucose tolerance.®® The International
Diabetes Federation (IDF) approximates in the country that 40.9 million people with DM and
predicted to increase to 69.9 million by 2025.*° In recent twenty years, an increment of
proportion of diabetes amongst urban just as regional Indians with a proposition that
Southern India has perceived the most intense percentage increase. Consequent contemplates
affirmed this increased preponderance of DM in urban south India. Regardless the fact that in
rural India preponderance of diabetes is a lot of inferior to urban inhabitants, even here the
frequency are quickly mounting nevertheless unambiguously more examinations are required.
Change in the predominance of diabetes in numerous urban India are standard in view of the
enormous Vvariety in the pervasiveness of cardiovascular hazard factors in various districts
and states.”>*! There is a palpable alteration in age of inception to younger aged individuals,
which is disturbing and this can have an adverse consequence on the country's economy.
Therefore, the earlier to identify individuals at-risk of the disease and suitable intervention to
increase exercise, changing their dietary habits into a more healthy approach and be a great
magnitude of help to delay or counter, the occurrence of diabetes and consequently lessen the

load due to its allied complications in India.*?

Race The frequency of type Il DM shifts broadly amid different racial and ethnic gatherings.
Type Il DM is getting for all intents and purposes pandemic in certain gatherings of Native
Americans and Hispanic individuals. The blacks, Native Americans and Hispanics are at the

higher level of danger of retinopathy and nephropathy.*

Sex in older women than men Type 11 DM is marginally more common. *®
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Age Type Il DM customarily has been believed to influence in people > 40 years of age it is
being perceived progressively in more young individuals especially in specific races and
ethnicity and in people suffering from obesity. In certain territories, more type 2 than type 1
diabetes mellitus is being studied in pre-pubertal youths, adolescents and youthful grown-ups.
For all intents and purposes all instances of diabetes mellitus in more seasoned people are

type 2.

Pathophysiology

Hyperglycemia is a consequence of absence of intrinsic insulin which is either complete as in
type 1 DM, or partial as in type Il DM. Partial insulin insufficiency as a rule happens due to
decreased activities of insulin in structures such as muscle, body fat and the liver and a
lacking reaction by the beta cell present in the pancreas. Insulin resistance which has been
ascribed to raised degrees of free unsaturated fats in plasma prompts diminished glucose
transference in muscle, raised hepatic glucose creation, with expanded breakdown of fat.
Additionally, type 2 DM occur when a lifestyle which is conducive for DM (unwarranted
caloric intake, insufficient caloric expenditure, obesity) is overlaid upon a vulnerable
genotype. The body mass index at which surplus weight rises risk for diabetes varies with
different races. In an example compared with people of European ancestry individuals of
Asian ancestry are at bigger risk for diabetes at lower levels of overweight.** The
pathophysiology of irregular glucose breakdown in type 11 DM is represented in the picture

below.
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Figure 1: Pathophysiology in type 11 DM

Microvascular and metabolic complications is determined by the amount of hyperglycemia.

However, it is much less related when it comes to macrovascular disease.

Diagnosis®
Glucose tolerance is categorized into three extensive categories:

- Normal glucose homeostasis
- Impaired glucose homeostasis

- DM

Glucose tolerance can be calculated using the fasting plasma glucose (FPG), the response to

oral glucose challenge, or the hemoglobin Alc (HbAlc).

FPG <5.6 mmol/L(100 mg/dL), a plasma glucose < 7.9 mmol/L (140 mg/dL) following an
oral glucose challenge, and an HbAlc <5.7% are reflected to define normal glucose

tolerance.
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Criteria for the Diagnosis of DM. %

e Symptoms of diabetes plus random blood glucose concentration > 11.1 mmol/L (200
mg/dL)® or

e Fasting plasma glucose > 7.0 mmol/L (126 mg/dL)" or

e Two-hour plasma glucose > 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance

test*
a Random blood sugars (RBS) taken without regard to time since the last meal.
b Fasting blood sugars(FBS) is taken as no caloric intake for the last 6 hours.

¢ The test is be done after a glucose load containing the equivalent of 75 g anhydrous

glucose dissolved in water; not recommended for routine clinical use.
Risk factors associated with Type 11 DM. %

o Familial history of diabetes (Parents or sibling with type 2 diabetes)

e Obesity (Body Mass Index > 25 kg/m2)

e Habitual physical inactivity

e Racial (e.g. African, American, Asian American, Pacific Islander)

o Gestational diabetes

e Hypertension (blood pressure > 140/90 mHg)

e HDL cholesterol level < 35mg/dL (0.90mmol/L) or triglyceride level > 250mg/dL (2.82
mol/L)

e Polycystic ovary syndrome or acanthosis nigricans.

e History of vascular disease.
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COMPLICATIONS %

Diabetes-related complications distress many organs in the human systems and are

accountable for majority of morbidity and mortality linked with the disease. For countless

years in the United States, diabetes has been the foremost cause of new blindness in adults,

kidney failure, and non-traumatic lower limb amputation. Since recent years, diabetes has

also materialized as a foremost contributor to coronary heart disease (CHD). The

complications linked with the diabetes related to hyperglycemia usually do not start until the

second decade of the disease.

Diabetes-Related Complications %

Microvascular

- Eye disease
Retinopathy (nonproliferative/proliferative)
Macular edema
- Neuropathy
Sensory and motor (mono- and polyneuropathy)
Autonomic Nephropathy (albuminuria and declining renal function)

Macrovascular

- Coronary heart disease
- Peripheral arterial disease

- Cerebrovascular disease
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Others

- Gastrointestinal (gastroparesis, diarrhea)

- Genitourinary (uropathy/sexual dysfunction)
- Dermatologic Infectious

- Cataracts

- Glaucoma

- Cheiroarthropathy

- Periodontal disease

- Hearing loss

Ophthalmic Complications of Diabetes Mellitus *°

Common:

1) Retinopathy

2) Iridopathy (minor iris transillumination defects)
3) Unstable refraction

4) Dry eye syndrome

5) Recurrent corneal abrasions

Uncommon:

1) Ocular motor nerve palsies
2) Recurrent styes
3) Xanthelasmata
4) Reduced corneal sensitivity

5) Neovascular glaucoma
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6) Accelerated senile cataract
Rare:

1) pupillary light-near dissociation

2) Acute onset cataract

3) Rhino-orbital mucormycosis

4) Diabetic papillopathy/ papillitis

5) Wolfram syndrome (progressive optic atrophy with multiple neurological & systemic

abnormalities)

DIABETIC RETINOPATHY

Definition: Diabetic retinopathy( DR) is said to be defined as a progressive dysfunction of
the vasculature in the retina caused due long standing hyperglycaemia which results in
damage to the structures of the neural retina® It is an example of microvascular
complications and is thought to be a crucial indicator of the impact diabetes has*’ To begin
with the norms for diagnosis of diabetes was developed depending on the glycemic level
above which there was noteworthy risk of developing microvascular complications,

particularly DR in Pima Indians*®

Diabetic Retinopathy Epidemiology *°

DM is a mounting worldwide epidemic that is anticipated to affect 642 million persons by the
year 2040, leading to a concomitant amplified predominance of diabetic retinopathy globally.
One- third of the worldwide population with diabetes mellitus is projected to have diabetic

retinopathy; of that group, one- third is expected to have vision threatening diabetic
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retinopathy. An important discovery of the Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR) was the direct connotation of an increased occurrence in diabetic
retinopathy with longer duration of diabetes mellitus in patients with both type I and type Il
diabetes. In the WESDR cohort, “after 20 years of diabetes mellitus, nearly 99% of patients
with type | and 60% with type Il disease demonstrated some degree of diabetic retinopathy”.
Proliferative diabetic retinopathy was found in 50% of type 1 patients who had 20 years’
duration of disease and in 25% of type 2 patients who had 25 years’ duration of disease.”
Moreover, 3.6% of younger- onset patients (aged< 30 years at diagnosis) and 1.6% of older-
onset patients (aged 30 years or older at diagnosis) were found to have a visual acuity of
20/200 or worse. Such loss of vision was inferable to diabetic retinopathy in 86% of the
younger- onset of diabetes patients and in 33% of the older-onset group.®* Latest studies have
advocated that rates of diabetic retinopathy evolution and vision loss are lesser in the modern

era due to advances in systemic control and treatment advances.
Applied Anatomy of The Retina

The over-all area of the retina is roughly 1,100 mm?. The healthy retina on an average is
about 250-um thick closely adjacent to the temporal margin of the optic nerve, it then
thickens to nearly 400 um in the macular area surrounding the fovea and then thins to 150 um

in the fovea.*

The retinal layers are shown below commencement with the outermost layer (contiguous to

the choroid & sclera) and ensuing inwards in the direction of the vitreous.
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Retinal layers Components
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Axons at surface of
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Figure 2: Layers of the retina
Vascular anatomy of the Retina: *?

The blood vessels present in the retina nourish the innermost two thirds of the retina and the
choroidal vessels supply the outer retina (Retinal pigment epithelium and outer segments and
nuclei of rods and cones). The central retinal artery, the first branch of the ophthalmic artery,
which is an end artery. It splits into the superior and inferior papillary arteries, which in turn
bifurcates into nasal and temporal quadrantic branches. The retinal vessels normally hardly
ever cross the horizontal raphe and the hemispheric division of vessels is usually maintained
throughout the retina. In about 25% of eyes, an artery named as cilioretinal artery, which is
derived from posterior ciliary arteries hooks around the temporal margin of the optic disc and
is said to supply a portion of the macula. Arteries and veins are said to be present in the nerve

fiber layer. The capillaries are arranged in laminar meshworks:
e The ganglion cell layer is the location for the superficial inner capillary plexus
e The inner nuclear layer is the location for the deep outer capillary plexus.

A capillary free zone up to 100 microns in diameter is present around each arteriole. Retinal

capillaries are absent in the region of the fovea and the remote retinal periphery. The foveal
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avascular zone (FAZ) is normally 400 to 500 microns in diameter. Venous drainage of the
retina by and large are along the same path as the arterial supply. The retinal veins drain into
central retinal vein, which also acts as the major efferent channel for veins of the optic nerve

and drains into the cavernous sinus

Dura

Pia

= 4

7
T e

Central retinal a. Post. Clliarg a.

eptor layer
nted epithelium

‘s membrane

Figure 3: Vascular anatomy of retina
Structure of the retinal capillaries:*
Retinal capillaries are bereft of smooth muscle and elastic tissue.
Their walls comprise of:

» Endothelial cells: form a solitary layer on the basement membrane and are linked by
tight junctions that form the inner blood-retinal barrier.

» The basement membrane: a highly specialized extracellular matrix rich in type IV
collagen that provides structural support to the vessel wall and also serves as a
reservoir of growth factors that modulate cell function and regulate tissue
development.

» Pericytes: have multiple pseudopodial processes that envelop the capillaries. They

have contractile properties and participate in autoregulation of microvascular
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circulation. The BRB controls exchange of metabolites between vascular lumen and
neural retina and maintains specialized environment in the neural retina. It has two

components: the inner BRB and the outer BRB.

Pathogenesis of Diabetic Retinopathy *°

Even though the principal cause of diabetic microvascular disease remains understood poorly,
exposure to hyperglycemia over a long-drawn-out period results in biochemical pathway and
molecular pathway variations, including escalations in inflammatory oxidative stress,
advanced glycation end products, and protein kinase C pathways that in due course cause
endothelial damage and pericyte loss. Abundant hematologic idiosyncrasies are also linked
with the onset and progression of retinopathy, together with increased platelet adhesion,
amplified erythrocyte aggregation, and flawed fibrinolysis. Nevertheless, the precise role of
each of these abnormalities in the pathogenesis of retinopathy— individually or in
combination— is not well defined. Over certain time period, retinal capillary changes such as
basement membrane thickening and selective loss of pericytes lead to capillary occlusion and
retinal nonperfusion. High resolution imaging of the retinal vasculature, now available
through Optical Coherence Tomography angiography (OCTA) and adaptive optics scanning
laser ophthalmoscopy, often discloses areas of vascular remodeling in eyes with clinically
mild diabetic retinopathy. Vascular irregularities take place in both the superficial and deeper
retinal capillary plexuses. These modifications deteriorate with increasing levels of diabetic
retinopathy severity.>® In addition, endothelial barrier decompensation leads to serum leakage
and retinal edema. In late stages of the disease, retinal neovascularization develops in
response to increases in intraocular vascular endothelial growth factor (VEGF), which is

produced by ischemic retinal tissue.
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The Pathophysiology of Microvascular Complications of Diabetes Mellitus

Chronic hyperglycemia causes raised intracellular glucose concentration and the excess

intracellular glucose is compelled to enter abnormal biochemical pathways including

amplified anaerobic glycolysis, polyol pathway, AGE formation and amplified lipid
peroxidation.

e The resulting molecular changes including increased oxidative stress and release of
growth factors lead to structural & functional abnormalities of the vasculature.’

e Small blood vessels in the retina, the vasa nervorum and the renal glomeruli are for the
most part vulnerable to damage from hyperglycemia and endure pathognomonic changes
such as capillary basement thickening leading to microangiopathy.

e While retinal arteriolar changes, such as narrowing and arteriovenous nicking reflect

microvascular changes associated with HTN, venular dilatation reflects retinal hypoxia

and lactic acidosis due to inflammatory, atherosclerotic and other processes and possibly
associated by means of similar changes in the cerebral, coronary, peripheral, and renal

vessels.>

Even though chronic hyperglycemia is a noteworthy etiologic factor leading to the
complications of DM, the mechanism by which it leads to such varied cellular and organ

dysfunction is unidentified.?* ** > There are several theories that are not equally exclusive

1) Polyol pathway or sorbitol-aldose reductase pathway: *>°

The enzyme aldose reductase changes sugars into their alcohols (e.g. glucose to sorbitol
and galactose to galactitol). As sorbitol and galactitol are unable to diffuse out of cells
without difficulty, their intracellular concentration rises and water is drawn into the cells
by osmotic forces. Retinal pericytes and Schwann cells have a high concentration of

aldose reductase. So, it has been suggested that DR and DPN may be mediated by aldose
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reductase mediated damage. However clinical trials have not demonstrated any beneficial

effects of aldose reductase inhibitors so far.

2) Increased anaerobic glycolysis:
Excessive generation of lactic acid increases expression of VEGF in a concentration-
dependent way.*®*® It also decreases the pH of the cell’s microenvironment and weakens
the activity of L-glutamate/L-aspartate transporter (GLAST) causing glutamate
excitotoxicity.”® > Glutamate excitotoxicity has been projected as a mechanism of neural

apoptosis.

3) Formation of advanced glycosylation end products (AGEs): %
Excess unutilized glucose stimulates non-enzymatic glycosylation of proteins and lipids
resulting in the formation of AGEs which bind to cell surface receptors causing a range of
pathological effects including: endothelial dysfunction and increased endothelial
permeability to macromolecules; glomerular dysfunction; altered extracellular matrix
composition which might also damage the nerve fibers; crosslinking of proteins including
collagen causing vascular stiffening and entrapment of LDL in the vessel walls causing

accelerated atherosclerosis.

4) Activation of protein kinase C (PKC): %
Hyperglycemia increases the formation of diacylglycerol, leading to PKC activation. PKC
activation leads to the release of vascular endothelial growth factor and also alters the
transcription of genes for fibronectin, type IV collagen, contractile proteins, and
extracellular matrix proteins in endothelial cells and neurons leading to increased vascular

disease.
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5)

6)

Production of growth factors and neovascularization:

Growth factors has an titural role in some microvascular complications, and their
production is increased by most of these proposed pathways. Hypoxia stimulates the
initial angiogenic response in the adventitial vasa vasorum.®® Neovascularization develops
by growth from the adventitial layer (outward) and arterial lumen (inward) toward the
intima.®*

VEGEF is a multifunctional cytokine that promotes neovascularization, increases vascular
permeability to macromolecules, causes monocyte chemotaxis, and tissue factor
production.®® In the eye, a neurotropic factor-pigment epithelium-derived factor (PEDF)
may offset VEGF action by its potent angiogenic inhibition.%® In proliferative DR PEDF
level is decreased and VEGF- A is increased locally. Other growth factors such as tissue
growth factor-beta (TGF-B), connective tissue growth factor (CTGF), insulin-like growth
factor 1, basic fibroblast growth factor, and hepatocyte growth factor may also foster
proliferative retinopathy.®*

Tesfaye et al. demonstrated that proliferation of new leaky neural vessels in diabetic
patients led to arteriovenous shunting among epineural vessels causing vascular
endoneurial hypoxia.®® However, contrary to this, rodent VEGF gene transfer experiment
showed that VEGF restored microcirculation in the vasa nervorum and limited diabetic

neuropathy.

Oxidative stress and mitochondrial dysfunction: Hyperglycemia promotes the
formation of ROS, which interact with DNA and proteins causing cellular damage and
epigenetic changes that influence gene expression. This could be a form of

pathologic—memoryl in the microvasculature persisting even after glucose
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normalization.*® Oral administration of antioxidants has shown to inhibit the diabetes-

induced degeneration of retinal capillaries in animal studies.®’

7) Inflammation: Hyperglycemia induces low-grade inflammation by causing macrophage
and complement activation. This results in endothelial damage and thickening of
choriocapillaries and Bruch’s membrane due to deposition of extra-cellular matrix. The
dramatic effect of corticosteroids on DME is evidence that inflammatory processes play a

titular role in DR pathogenesis.®®

8) Abnormalities of platelet function and alterations in blood viscosity: induced by

hyperglycemia may cause focal capillary occlusion and focal areas of ischaemia.*®

9) Effects of Chronic Hyperglycemia on the Retina:
The retina is highly prone to damage from oxidative stress because of its high lipid
content, tremendous oxygen supply and the existence of chromophores in the
photoreceptors.®® Hyperglycemia induced biochemical changes cause accelerated death of
retinal neural cells and vascular cells (capillary pericytes & endothelial cells), basement

membrane thickening and capillary drop out.”®"

TABLE 1: Recommended eye examination schedule for patients with DM *°

. Recommended time of Routine minimum follow-up
Diabetes types ) L .
first eye examination interval
Type 1 5 year after diagnosis Annually
Type 2 Upon diagnosis Annually

No retinopathy to mild/moderate Non
proliferative diabetic retinopathy(
NPDR): every 3-12 months
Severe NPDR or worse : every 1-3
months

Type 1 or type 2 and Soon after conception and
pregnancy early in first trimester
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Table 2: ETDRS CLASSIFICATION OF DIABETIC RETINOPATHY*

Proposed Disease Severity Level
Findings

Dilated Ophthalmoscopy

No apparent retinopathy

No abnormalities

Very Mild NPDR

Microaneurysms only

Mild NPDR

Any or all of: microaneurysms, retinal haemorrhages,
exudates, cotton-wool spots, up to the level of moderate
NPDR. No intraretinal microvascular anomalies (IRMA)
or significant beading

Moderate NPDR

* Severe retinal haemorrhages (more than ETDRS standard
photograph 2A: about 20 medium—large per quadrant) in
1-3 quadrants or mild IRMA

* Significant venous beading can be present in N0 more
than 1 quadrant

* Cotton-wool spots commonly presen

Severe NPDR

Any of the following (4-2-1 rule) and no signs of
proliferative retinopathy

¢ > 20 intraretinal hemorrhages/quadrant in all 4 quadrants
e Definite venous beading in 2 or more quadrants

e Prominent IRMA in 1 or more quadrants

Very severe NPDR

>2 criteria for severe NPDR in absence of frank
neovascularization

Proliferative diabetic retinopathy
(PDR)

Mild—moderate PDR

New vessels on the disc (NVD) or new vessels elsewhere
(NVE), but extent insufficient to meet the high-risk criteria
High-risk PDR

* NVD greater than ETDRS standard photograph 10A
(about 1 3 disc area)

* Any NVD with vitreous haemorrhage

* NVE greater than 1 2 disc area with vitreous
haemorrhage

Advanced diabetic eye disease:

Persistent VH/ neovascular glaucoma/ tractional retinal detachment

The International clinical disease severity scale for DR and DME was developed in 2002 in

an effort to improve communication between ophthalmologists and primary care physicians

worldwide. It is based on the ETDRS classification of DR and on data collected from clinical

trials and epidemiologic studies of DR. ®&7°
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A Normal Retina Severe NPDR with DME

Choriocapillaris attenuation

RPE damage
{outer blood-retinal barrier)

Figure 4 :Pathological changes in DM

Diabetic macular edema(DME)

Diabetic maculopathy (foveal, exudative or ischemic) is one of predominant reason of
decreased visualization in a diabetic. Diffuse edema is caused by capillary leakage and focal
edema is caused by microaneurysms fluid being present between the outer plexiform layer

and the inner nuclear layers.

Clinically significant macular oedema detected on clinical examination as defined by

ETDRS:
1. Retinal thickening within 500um of the center of the macula.

2. Exudates within 500um of the center of the macula, if associated with retinal thickening .
3. Retinal thickening one optic disc area(1500 um) or larger any part of which is within one

disc diameter of the center of the macula.
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Figure 5: Clinically significant macular edema

Ophthalmoscopic features of NPDR:*

Microaneurysms: are the first ophthalmoscopically detectable changes in DR. These exist as
localized (mainly saccular) outpouchings of the capillary wall occurring due to focal dilations
of the capillary wall or endothothelial cell proliferation at sites of retinal capillary pericyte

loss. They may thrombose or become leaky due to break down of the inner BRB.

Figure 6: Microaneursym

Intraretinal haemorrhages: Rupture of weakened capillary walls or microaneurysms causes
intraretinal haemorrhages- predominantly deep dot and blot haemorrhages (from venous ends
of capillaries in the inner nuclear and outer plexiform layers) and sometimes, superficial

flame-shaped haemorrhages from (precapillary arterioles in the nerve fibre layer).
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Figure 7: Dot and blot hemorrhages

Hard exudates made of lipoprotein and lipid filled macrophages are perceived as waxy
yellow lesions with relatively distinct margins that may be arranged in clumps and/or rings
around a group of leaking microaneurysms (circinate retinopathy). They occur due to chronic
localized edema and develop at the junction of normal and edematous retina within the inner

and outer plexiform layers.

Figure 8: Hard exudates

Cotton wool spots/ soft exudates/ nerve fiber infarcts occur as a consequence of local
ischaemia causing obstruction of axoplasmic flow; consequent swelling of the nerve fibers
gives cotton wool spots their distinctive white fluffy appearance. They are not related with an

increased risk of progression to PDR.
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Figure 9: Cotton wool spots

Inner retinal hypoxia causes venous changes including, generalized venous dilatation and
tortuosity, venous looping, venous beading (focal narrowing and dilation due to sluggish
circulation) and intraretinal microvascular abnormalities (IRMA). IRMAs are dilated (pre-
existing) capillaries that function as arteriolar-venular shunts. They appear as spidery vessels
within the retina that do not leak fluorescein dye. Areas of capillary hypoperfusion often

surround IRMAs.

The ETDRS found IRMA, venous beading and loops, widespread capillary non-perfusion

and widespread leakage on FFA to be significant risk factors for the development of PDR.

(B)

Figure 10: Venous beading Figure 11: IRMA
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Figure 12: Venous looping

Proliferative diabetic retinopathy:

Severe retinal ischemia from capillary closure triggers the release of vascular growth
factors and the development of retinal neovascularization. It has been estimated that
more than one quarter of the retina must be non-perfused before PDR develops.*
Proliferative vessels usually arise from retinal veins as a collection of multiple fine
vessels that leak fluorescein into the vitreous.*

As PDR progresses, these new vessels grow along the route of least resistance into zones
of retinal ischemia and undergo (vascular or avascular) fibrous proliferation. Once
posterior vitreous detachment occurs they get lifted into the vitreous cavity, adhere to the
vitreous and are pulled in by the contracting vitreous.*°

The fibrovascular proliferations may transmit vitreous traction to the retina leading to
traction retinal detachment.

Sudden vitreous contractions may tear the fragile new vessels causing vitreous
haemorrhage and may also cause retinal tears and rhegmatogenous or traction retinal

detachment.*®
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e Diffusion of the angiogenic growth factors into the aqueous followed by

neovascularization of the iris and anterior chamber angle structures causes neovascular

glaucoma

Figure 13: Neovascularization of disc Figure 14: Neovascularization elsewhere

Figure 15: Rubeosis iridis

DME classification based on OCT(Optical Coherence Tomography )findings:”

a) Sponge like Thickening
« Most common presentation

* Mostly in outer retinal layers while internal layers maintain their normal reflectivity
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« Cross-sectional scans show swelling of the retina giving it a spongy appearance with

increased retinal thickness

« Backscattering seen from intra-retinal fluid accumulation

b) Cystoid Spaces

« Second most common pattern

« Intra-retinal cystoid spaces

« Involves variable depth of retina and has intervening septa in between

* Progresses gradually to involve the whole of retinal thickness

c) Serous Detachment

» Seen as a hypo-reflective area between neurosensory retina and RPE

d) Taut Posterior Hyaloid Membrane

« Taut, thickened, shiny, glistening hyper-reflective membrane with striations on retina over

the posterior pole with attachment to the disc and the top of the elevated macular surface

« Retinal thickness is greatly increased with intra-retinal hypo-reflective cyst like cavities

(corresponding to fluid accumulation)

» May also present as macular edema with foveal detachment

DIABETIC NEUROPATHY

Diabetic neuropathy, which ensues in ~50% of persons with long standing type | and type Il
DM, manifests as a diffuse neuropathy. Similar to other complications of DM, the
development of neuropathy draw a parallel with the period of diabetes and glycemic control.

Supplementary risk factors are body mass index (BMI) (the bigger the BMI, the bigger the
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risk of neuropathy) and smoking. The presence of Cardiovascular disease (CVD), elevated
triglycerides, and hypertension is also related with diabetic peripheral neuropathy. Both
myelinated and unmyelinated nerve fibers are lost. Because the features of diabetic
neuropathy are similar to neuropathies of other other causes , the diagnosis of diabetic

neuropathy should be made only after other likely etiologies are exclude **
Effects Of Chronic Hyperglycemia On The Peripheral Nerves

Persistent hyperglycemia causes microvascular insufficiency, oxidative stress, glutamate
excitotoxicity, nitrosative stress, autoimmune-mediated nerve destruction and impaired

neurotrophism, axonal transport and gene expression resulting in diabetic neuropathy.
Diabetic neuropathy Classification of diabetic neuropathies:’
A. Diffuse neuropathy:

1) Chronic sensorimotor distal symmetric polyneuropathy (typical DPN) : (Most common

form; accounts for ~ 75% of the diabetic neuropathies) & ’®

e Primarily small-fiber neuropathy
e Primarily large-fiber neuropathy

e Mixed small- and large-fiber neuropathy (most common)
2) Autonomic neuropathy:

e Abnormal pupillary function

e Cardiovascular: resting tachycardia, orthostatic hypotension, malignant arrhythmia
e Gastrointestinal: gastropathy/ diarrhea / constipation

e Urogenital: diabetic cystopathy (neurogenic bladder), erectile dysfunction

e Sudomotor dysfunction: Distal hypohydrosis/anhidrosis, gustatory sweating
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B. Mononeuropathy (mononeuritis multiplex) (atypical forms)

e Isolated cranial or peripheral nerve (e.g., CN IlI, 1V, VI, ulnar, median, femoral)

e Mononeuritis multiplex (if confluent may resemble polyneuropathy)

C. Radiculopathy or poly radiculopathy (atypical forms) Radiculo plexus neuropathy &

Thoracic radiculopathy

Definition of Diabetic peripheral neuropathy (DPN): An internationally approved upon
definition of DPN for clinical practice is —the presence of symptoms and/or signs of

peripheral nerve dysfunction in individuals with diabetes after excluding other causes.”

DPN is a common form of diabetic neuropathy, frequently presents with distal sensory loss
and pain, > 50% do not have symptoms of neuropathy. Symptoms may include a sensation of
numbness, tingling, sharpness, or burning that begins in the feet and spreads proximally.
Hyperesthesia, paresthesia, and dysesthesia also may occur. Pain encompasses the lower
extremities, is present usually at rest, worsens at night. Both an acute (lasting < 12months)

and a chronic form of painful diabetic neuropathy may occur.

The acute form is sometimes treatment-related, occurring in the context of improved
glycemic control. As diabetic neuropathy progresses, the pain subsides and eventually

disappears, but a sensory deficit persists and motor defects may develop.

Annual screening for DSPN should begin 5 years after diagnosis of type 1 DM and at the

time of diagnosis of type 2 DM and is aimed at detecting loss of protective sensation (LOPS).

25

DSPN are major risk factors for foot ulceration and falls due to small and large nerve fiber

dysfunction.
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DPN is a diagnosis of exclusion.

Other cause of neuropathy, counting chronic inflammatory demyelinating polyneuropathy

(CIDP), B12 deficiency, hypothyroidism, and uremia, ensue more regularly in diabetes and

should be ruled out. The pathological hallmark of DPN is progressive loss of both large and

small nerve fibers. ”’

Changes in Sural nerve fiber density have been documented as the major change in DPN.”" "

Healthy Nerves and

Blood Vessels

Unmyelinated
nerve fiber

Myelinated nerve fiber ‘\J

Nerves and Blood Vessels
Damaged by DPN

__ Damaged unmyelinated =

nerve fiber

vessels disappear

Damaged myelinated =

Diabetic Neuropathy

Diabetes Affects the Nerves

A

Figure 16: Pathogenesis of DPN

Table 3: Symptoms and signs of DPN: (%8

Large myelinated nerve
fibers

Small myelinated nerve fibers

Function Nociception, protective
Pressure, balance sensation

Symptoms Numbness, tingling, poor Neuropathic pain
balance

Examination Reduced or absent: Reduced or absent:

1) Deep tendon reflexes
(ankle jerk and knee jerk)
2) Vibration perception
(with 128 Hz tuning fork)
3) Pressure sensation (with
10-g monofilament) &

4) Proprioception (last to be
lost)

1) Thermal discrimination &
2) Pinprick sensation
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Neuropathic ache is the most common early indicator of DPN and is present in up to 25% of
individuals with DPN. It is characteristically a burning, lancinating, tingling, or shooting

type of pain, most commonly in the feet and characteristically worse at night.

It may be accompanied by hyperalgesia and allodynia .

Up to 50% of the patients may be asymptomatic so, lack of symptoms should not be

presumed to point to an absence of signs.

e The feet must be inspected for ulcers, calluses, and deformities, and footwear should be
examined.

e Small and large fiber function should be assessed. Combining at least two examinations
will increase the sensitivity and specificity of detecting DPN.32%°

e Validation can be recognized with quantitative electrophysiology, sensory, and

autonomic function testing.

Complications of DPN: Foot deformities, such as hammertoes and collapse of the mid foot
may happen. Blisters and sores may appear on numb areas of the foot because of pressure or
injuries going undetected. Failure to treat infections promptly may result in spread of
infection to deeper tissues and the bone. It is the most important contributor to falls and
fractures . Late complications of DPN include foot ulceration (due to insensate injury) and
Charcot neuroarthropathy ®. These increase the risk of amputation and are also predictors of

mortality.
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Figure 17: Diabetic foot

Clinical scoring Systems for DPN

As nerve conduction tests are expensive and time consuming, various clinical scoring
systems have been developed to grade DPN severity and monitor progression or response to

intervention. These include: €288

e Toronto clinical neuropathy score (TCNS)
e Michigan neuropathy screening instrument (MNSI)
e Neuropathy symptom score (NSS)

e Neuropathy disability score (NDS)

The Toronto Clinical neuropathy Scoring System (TCNS) consisting of symptom scores,
reflex scores and sensory test scores was validated by comparison with results of sciatic nerve

biopsies and closely correlated with electrophysiological studies.’
The socioeconomic impact of DR and DPN:

DR is the foremost cause of avoidable impaired vision in the working age residents across the

world.*°
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Significant vision loss can take place at any stage of DR due to CSME and in advanced
disease due to PDR with vitreous hemorrhage, retinal detachment, or neovascular glaucoma.
Visual impairment in DR affects people capacity to execute day-to-day living vision-
dependent activities, such as reading, domestic everyday jobs, and driving, consequential in
having more risk of falls. 3 DR also has a considerable socio-emotional bearing, being linked

with social seclusion and greater rates of depression. *°

The foremost risk factor for lower extremity amputation following foot ulcers is DPN.*
Equal to 50% may be with no symptoms and at a risk of unconscious injury. Loss of the
—perception of pain permits patients with foot ulcers to move around and walk although
lesion is present, leading to chronicity, often complicated by infection and an greater than
before risk of amputation and mortality.** Neuropathic pain is a common symptom taking
place in 40-50% of the patients with DPN and can hamper with day-to-day activities and lead
to disability.%® Loss of proprioception and unsteadiness of gait in DPN is a major contributor
to falls and fractures.®> A combination of DR and DPN will dramatically increase the
economic burden associated with DM both directly (cost of management of neuropathy &
retinopathy) as well as indirectly by leading to disability, work absence and change in
employment. With the growing occurrence of DM, occurrence of its microvascular
complications is also anticipated to increase, resulting in increased morbidity, mortality and

health care expenditure.*®

TREATMENT

Deterrence of diabetic neuropathy is important through enhanced glycemic control.
Treatment of DN is less than agreeable. Standard of living alterations (exercise, diet) has

some effectiveness in DSPN in type 2 DM and increased blood pressure and
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hypertriglyceridemia should be treated. Hard work put to improve glycemic control in long-
standing diabetes may be addled by unawareness of hypoglycemia. Averting of neurotoxins
(alcohol) and smoking, supplementation in possible deficiencies with vitamins (B12, folate;).
Patients should be educated that loss of sensation in the lower extremities surges the threat
for ulceration and its sequelae and that deterrence of such problems is vital. Patients with
symptoms or signs of neuropathy or LOPS should check their feet daily and take precautions
(footwear) aimed at preventing calluses or ulcerations. If foot deformities are present, a
podiatrist should be involved. Chronic, painful diabetic neuropathy is challenging to treat
with only symptomatic treatment being available; indication of the efficiency of better
glycemic control in painful diabetic neuropathy is not there. Two agents, duloxetine and
pregabalin, have been approved by the U.S. Food and Drug Administration (FDA) for pain
related with diabetic neuropathy. Tapentadol, a centrally acting opioid, is also FDA-
approved, but has only uncertain efficacy and poses risk of addiction, making it and other

opioids less desirable and not a first-line therapy.™

Glycated haemoglobin (HbA1c)

It was said to be documented as an “unusual” haemoglobin in those with diabetes several
years back*** . After which multiple studies were carried out correlating it with glucose
values concluding that it maybe used as an objective measure of glycaemic control. HbAlc
was brought into use for clinical purpose in the 1980s and consequently it has become a

foundation of checking for glycemic control among diabetics.**

. It mirrors the average
glycemic index over 3 months.**® The test can be carried out during any given time of the day
and does not need any requirement of fasting. Thus, due to such ease of performing the test

and its reflection of an overall long period of glycemic index it has become the preferred test
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to check for glycemic control among diabetics. In the recent years it has become the standard

diagnostic test among diabetics to screen among those with higher risk.**’

Due to the vast inconvenience in quantifying the FPG levels, and the everyday change in the
glucose values, an alternate to measurement of glucose for diabetes has been pursued for a
long time. It has now been HbAlc has now been endorsed by an International Committee and

by the ADA as a tool to screen and diagnose diabetes.**’

The link between HbAlc and retinopathy is same as that to that of plasma glucose. **® This
relation was initially reported in the Pima Indians.***and observed amongst several other
people in various parts of the world.*® Even though HbAlc gives equal sensitivity and
specificity to the glycemic index values as a predictor of prevalent retinopathy,but the

drawback is its unavailability in many of the different regions in the world.

It is uncertain whether HbA1c or blood glucose is superior for predicting the development of
retinopathy, in one of the recent reports from Australia it was observed that HbAlc for
predicting incidence of retinopathy is as good as or possibly better than one including fasting

plasma glucose.™*

HbAlc has an advantage that it can help in avoiding problems such as the everyday
variability of glucose values, and notably it circumvents the necessity for the person to fast
prior to taking the test don’t have to make any previous dietary preparations. Thus, it has a
benefit of having the insinuations for early identification and treatment which have been
strongly be in favor of in recent years. Conversely, HbAlc may be affected by a variety of
factors such as their underlying genetics, haematologic and illness-related factors.*
Hemoglobinopathies is an important factor affecting the levels of glycated haemoglobin.*®
Levels of HbAlc just below 6.5% may indicate the presence of intermediate hyperglycaemia.

While recognizing the continuum of risk that may be captured by the HbAlc assay, the
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International Expert Committee recommended that persons with a HbAlc level between 6.0
and 6.5% were at particularly high risk and might be considered for diabetes prevention

interventions.
Role of therapeutic drugs on microvascular complications:

Management of DR is a multidimensional and multipronged pattern which consist of

systemic glycemic control, laser treatment, intravitreal injections, and surgery.

Insulin therapy: may be beneficial not only by improving glycemic control but also by

improving retinal blood flow and the tone of retinal microvasculature.®’

Oral hypoglycemic agents:

e Studies have shown metformin to have a protective effect on DPN.®

e Sitagliptin may have a protective effect by decreasing the retinal inflammatory state and
neuronal apoptosis.®

e Glitazones should be used with caution in DR as it‘s use give the impression to be a

cause for macular edema, and drug termination look as if to result in rapid resolution. *

Lipid lowering agents: In the FIELD and the ACCORD Eye Study, slight or no outcome of
fenofibrate was seen in those with no retinopathy at baseline, but a strong protective effect
was seen in those with concomitant mild NPDR, thwarting its progression to macular edema
or PDR.* In the FIELD study, nonetheless, the protective effects of fenofibrate did not

correlate with serum lipid levels.*?

Anti-Hypertensive agents: In patients with DR, a local renin-angiotensin system (RAS) in
the eye is found to be up-regulated resulting in increased VEGF. Angiotensin converting

enzyme inhibitors like lisinopril and angiotensin receptor blockers such as candesartan may
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have a protective effect on DR (independent of their anti-HTN action) by inhibiting the RAS.

93

NSAIDs: Acetylsalicylic acid-aspirin therapy worsens diabetic nephropathy but has no effect

on DR.%
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MATERIALS AND METHODS:

SOURCE OF DATA:

A total 156 patients diagnosed with Type | and Type Il diabetes mellitus will be included in
this cross sectional study, visiting the outpatient department of Ophthalmology at R.L.J.
HOSPITAL AND RESEARCH CENTRE, attached to SRI DEVARAJ URS MEDICAL

COLLEGE.

STUDY DESIGN: Cross sectional observational study.

STUDY PERIOD: December 2019 and May 2021

INCLUSION CRITERA:

All patients diagnosed with diabetic retinopathy.

EXCLUSION CRITERIA:

1. Patients with retinopathy due to other causes like hypertensive retinopathy, HIV
retinopathy, anemic retinopathy.

2. Patients with DPN due to other causes like vitamin B12 deficiency, traumatic
neuropathy, HIV neuropathy . ( ruled out by examining clinical features related to the
disease.)

3. Ocular co-morbidities like myopia and glaucoma,corneal opacities

Ethical clearance
Prior to the commencement, the study was approved by the Ethics and Research Committee,

Sri Devraj Urs medical college, Kolar.
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Informed Consent
All the patients fulfilling selection criteria were explained about the nature of the study. A
written informed consent was obtained from all the participants before enrolment (Annexure

I and I1I).

METHOD OF COLLECTION OF DATA

A. Demographic details, detailed ophthalmological examination, duration of diabetes, and
visual acuity by Snellen’s chart will be recorded, followed by assessment of diabetic
status by fasting blood sugar (FBS), post prandial blood sugar(PPBS), glycated

hemoglobin (Hb1Ac). (Annexure I and IV).

B. Diabetic retinopathy will be determined through fundus examination and graded
clinically using the “Early Treatment of Diabetic Retinopathy Study”’(ETDRS)
classification for DR.

Grade 0: No apparent retinopathy

Grade 1: Mild non-proliferative retinopathy (NPDR) —few micro aneurysms. Grade 2:
Moderate NPDR —micro aneurysms, intra-retinal hemorrhages or

venous beading

Grade 3: Severe NPDR — based on the 4:2:1 rule of the ETDRS, hemorrhages

in all 4 quadrants, venous beading in two quadrants or intraretinal

microvascular abnormalities(IRMA) in one quadrant.

Grade 4: Very severe NPDR- Two or more of the criteria for severe NPDR

Proliferative diabetic retinopathy (PDR) — characterized by neovascularization of the

disc, retina, iris &of the angle, vitreous hemorrhage or tractional retinal detachment.
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Diabetic maculopathy was classified as clinically significant macular edema (CSME) ,

diffuse macular edema , Focal macular edema and ischemic maculopathy.

Neurological examination will be done Based on Toronto clinical Neurological scoring
system which includes extent of paresthesia, tingling or numbness, presence of burning,
vibration , light touch, temperature and relevant examination.

Examinaion was conducted and the person was graded accordingly as

0-5 POINTS: NO NEUROPATHY

6-8 POINTS : MILD NEUROPATHY

9-11 POINTS:MODERATE NEUROPATHY

12+POINTS: SEVERE NEUROPATHY.

HbA1c was measured by High Performance Liquid Chromatography (HPLC) technique from
the Department of Pathology. The American Cardiology Association referred values for

HbA1c were categorised into four groups.
0- Less than 6.

1- 6.1 - 7 (well controlled).

2- 7.1 - 8 (fair control).

3- More than 8 (poor control).
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SAMPLE SIZE ESTIMATION

Sample size calculated based on prevalance of diabetic retinopathy is 27.% according to the
study ’
Sample size(n) = Zo’PQ
(d)’
Where
d = absolute error = 7%
Z, = critical value of Normal Distribution at (a.= 0.05) = 1.96
P=27%
Q = 100-P

By utilising the above formula sample size came to be around 155 at 7 % of absolute error.

STATISTICAL METHODS USED FOR THIS STUDY

Data will be entered into excel sheet 13 and analyzed using SPSS 22 version. Chi-square test
(Fischer’s Exact test) will be used as the test of significance to test the p value <0.05 will be

considered as statistically significant
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RESULTS

This study was done to compare severity of diabetic retinopathy (DR) with occurrence of

Diabetic peripheral neuropathy (DPN) in Diabetic patients. A total of 156 patients who

attended The OPD at the setting and having fulfilled the earlier stated inclusion criteria were

enrolled in this study. Study considered the severity of both eyes separately for better

statistical analysis.

Study had 106 (67.9%) male and 50 (32.1%) female.

Table 4: Gender wise distribution of patients with DR

Gender Number Percentage
Male 106 67.9

Female 50 32.1
Total 156 100.0

Gender distribution

Female
32%

Male
68%

= Male = Female

GRAPH 1: Gender wise distribution of patients with DR
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Study group had a mean age group of 58.85 years (SD 10.1 years) with most of the
population falling into 5™ (36%) and 6" (32%) decade in both male and female categories
with maximum of 82 years and youngest included patient into the study with diabetic

retinopathy was 22 years.

Table 5: Age group distribution

Decade of age group Number of patients

<31 1

31-40 5)

41-50 25

51-60 56

61-70 49

71-80 17
>80 2

Total 156

Age group distribution

60

50

40
30
20
10 I
— ] —

<31 31-40 41-50 51-60 61-70 71-80 >80

GRAPH 2a: Age Distribution
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GRAPH 2b: Age Distribution

Age group percentage

>80 31-40
71-80 1% | 3%
11%

51-60
36%

61-70
32%

= <3] m=31-40 =41-50 =51-60 =61-70 =71-80 = >80

GRAPH 3 : PERCENTAGE DISTRIBUTION OF AGE
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Majority of the patients 152 (96.8%) were Type 2 diabetes mellitus, and rest Type 1 (3.2%).

Table 6: Type of Diabetes mellitus

Diabetes mellitus Number Percentage
Tl 5 3.2
T2 151 96.8

Type of Diabetes mellitus

T2

T1

0 20 40 60 80 100 120 140 160

M Percent M Frequency

GRAPH 4: Type of Diabetes mellitus

Diabetic retinopathy (DR) severity was assessed separately in both the eyes for better
statistical significance in comparison to diabetes and peripheral neuropathy. As shown I
graph most of the patient fall into category of mild DR right eye 70 (45%), left eye 67 (43%)
followed by moderate DR right eye 53 (34%) Left eye 55 (35.3%).Severe DR corresponds to
15 (10%) in both eyes, proliferative DR in 8 (5%) of patients in right eye and slightly higher
percentage of 6.4%. Advanced diabetic eye disease in right eye is seen in 10 patients and 9

amounting to 5.8% in left eye.
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Table 7: Frequency of severity of DR in Right eye

Grading of DR Frequency(n) Percent (%0)
Mild DR 70 44.9
Moderate DR 53 34.0
Severe/very severe DR 15 9.6
PDR 8 5.1
ADED 10 6.4

RIGHT EYE DIABETIC RETINOPATHY

M Frequency M Percent

o
~
™M
wn
9
<
<
<
o
[Te}
-
© o
(o)) . <
l I .

MILD DR MODERATE DR SEVERE/VERY PDR ADED
SEVERE DR

M
| R

GRAPH 5a: Right eye diabetic retinopathy severity grading

Page 52




Percentage distribution of severity of DR in Right eye

® mild DR = moderate DR = severe/very severe DR PDR = ADED

GRAPH 5b: Percentage distribution of severity of DR in Right eye

Table 8: Frequency distribution of severity of DR in Left eye

Grading of DR Frequency Percent
Mild DR 67 42.9
Moderate DR 55 35.3
Severe/very severe DR 15 9.6
PDR 10 6.4
ADED 9 5.8
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Frequency distribution of severity of DR in Left eye
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DR
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GRAPH 6: Frequency distribution of severity of DR in Left eye

Percentage distribution

N

= mild DR = moderate DR = severe/very severe DR PDR = ADED

GRAPH 7: Percentage distribution of severity of DR in Left eye

Our study noted that there is striking significance of increase in severity of retinopathy with
increase in HbAlc levels and also overlap of the HbAlc levels with severity of retinopathy.

The mean HbALc in both right and left eye for mild and moderate DR was 6.8(+/-1.8) and
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7.4 (+/-1.4) respectively. Even though mean Levels in ADED 9.5 (+/-1.7) is same in both
eyes, in severe DR right eye shows slightly higher levels of mean HbAlc of 8.7 in

comparison to 8.5 of left eye.

Table 9: Association between HBALc values and severity of diabetic retinopathy in the

right eye among patients

Standard
Right eye Severity Mean HBAlc
Deviation
Mild DR 6.865714 1.8380744
Moderate DR 7.454717 1.4493455
Severe/very severe 8.740000 1.9245779
DR
PDR 8.975000 1.3530389
ADED 9.550000 1.7677670
(F=9.6, p<0.001).
5 MEAN HBA].C E==== Mean HBAlc
Linear (Mean HBA1c)
10
— =
8 k. [—— %
6 == = == == =
5 = — = — —
0 = = = = =
mild DR moderate DR severe/very PDR ADED
severe DR
B Mean HBA1c 6.865714 7.454717 8.74 8.975 9.55

GRAPH 8: Association between HBA1c values and severity of diabetic retinopathy in
the right eye among patients
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Table 10: Left Eye Diabetic retinopathy severity and mean HBALc Level

Left eye Severity Mean HBA1c Standard Deviation
Mild DR 6.852239 1.8428698
Moderate DR 7.460000 1.5093045
Severe/very severe DR 8.500000 1.7521415
PDR 9.110000 1.3033717
ADED 9.566667 2.0285463
. MEAN HBA1C
. === Mean HBA1c Linear (Mean HBA1c)
10
SRS - S
- @B B B B =
. B B E B E
;= = = — =
i mild DR moderate DR | *€Ve"®/ ";F:y severe PDR ADED
® Mean HBAlc 6.852239 7.46 8.5 9.11 9.566667

GRAPH 9 : Association between HBALc values and severity of diabetic retinopathy in

the Left eye

On further application of independent t test and ANNOVA found that the mean HbA1c in

patients with ADED was 9.5+1.8, PDR was 9£1.3, severe/ very severe DR was 8.7+1.9,

moderate DR was 7.4+1.4 and mild DR was 6.9+1.8 (F=9.6, p<0.001).
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FBS AND PPBS LEVEL

Fasting blood sugar average in retinopathy patients is found to be 178 and PPBS 222, but has
increasing trend of levels with increasing severity. Mild and moderate DR 148 (+/- 45) and

203 (+/- 69), ADED patients had an average FBS of 292(+/- 68)

Similarly PPBS is noted to be 178 (+/-61) in mild DR and 275 and 332 in Severe and PDR

category respectively, which also has linear upward trend with plateauing due to overlap with

ADED patients.

Table 11: FBS and PPBS level in comparison to severity of DR of Right Eye

Right eye Number of patients Mean FBS SD
Mild DR 70 148.47 45.502
Moderate DR 53 204.60 69.207
Severe/very severe DR 15 244,13 47.265
PDR 8 332.00 85.988
ADED 10 292.60 68.434
Total 156 195.39 78.499

Right eye Number of patients Mean PPBS SD
Mild DR 70 178.17 62.565
Moderate DR 53 225.00 67.745
Severe/very severe DR 15 275.60 48.425
PDR 8 354.25 63.073
ADED 10 330.90 67.167
Total 156 222.27 82.171

With Independent sample T test FBS F value is 14.433 with p value <0.001, PPBS F value is

3.184 with p value of 0.076




800

700 95

600 330.9

275.6
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300 292.6
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e=@==\]ean FBS e=@==\ean PPBS2

GRAPH 10: FBS and PPBS level in comparison to severity of DR of Right Eye

Table 12: FBS and PPBS level in comparison to severity of DR of Left Eye

Left eye Number of patients Mean FBS SD
Mild DR 67 148.48 45.134
Moderate DR 55 203.56 69.116

Severe/very severe
15 242.00 57.101
DR

PDR 10 303.80 100.407
ADED 9 296.56 64.221
Total 156 195.39 78.499
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Left eye Number of patients Mean PPBS SD
Mild DR 67 175.97 61.687
Moderate DR 55 225.80 69.982

Severe/very severe
15 277.13 51.553
DR

PDR 10 333.40 74911
ADED 9 330.44 55.864
Total 156 222.27 82.171

ANOVA showed FBS F value is 31.977 and p value <0.001, PPBS F value is 27.014 and p

value <0.001for right eye, and for left eye FBS F value is 26.432 and p value <0.001 PPBS F

value is 25.132 with p value <0.001
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300
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100

Chart Title

3334

330.44

I

moderate DR, 203.56

mild DR, 148.48

mild DR

moderate DR

severe/very severe

severe/very severe
DR, 242

PDR
DR

«=@==|\]ean FBS «=@=\lean PPBS
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—

ADED, 296.56

ADED

GRAPH 11: FBS and PPBS level in comparison to severity of DR of Left Eye
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Duration of Diabetes Mellitus

The number of years of diabetes and severity of retinopathy was studied and mild and

moderate DR had 6.5 and 8.7 years of diabetes respectively. 9.2 years in severe DR in left

eye and mean of 13 years are noted in both PDR and ADED patients in left eye whereas 11

and 12.3 years in right eye. Severity of DR in both the eyes was found to increase with

increasing duration of Type || DM among the patients (p<0.001).

Table 13: Duration of diabetes right eye

Mean in 95% Confidence
Grading of DR Number SD interval lower
years limit- upper

limit
Mild DR 70 6.56 4.238 5.55
Moderate DR 53 8.70 4.436 7.48

Severe/Very
15 9.60 3.397 7.72

Severe DR

PDR 8 11.00 3.381 8.17
ADED 10 12.30 3.164 10.04
Total 156 8.17 4.441 7.47
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Table 14: Duration of diabetes Left eye

Number Mean in SD Standard 95%
years Error Confidence
interval lower
bound
Mild DR 67 6.15 3.197 391 5.37
Moderate
55 8.69 4.149 .560 7.57
DR
Severe/very
15 9.20 3.278 .846 7.38
severe DR
PDR 10 13.00 6.633 2.098 8.25
ADED 9 13.00 4.444 1.481 9.58
Total 156 8.17 4.441 .356 7.47

b

mild DR

0 2 4 6 8 10 12 14

B Mean number of years with Diabetes in left eye B Mean number of years with Diabetes in Right eye

GRAPH 12 : Duration Of DM and Severity of DR
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The mean HbAlc in those with diabetic peripheral neuropathy (n=33) was 9.7£1.6 in
comparison to 6.9t1.5 among patients without diabetic peripheral neuropathy (n=123)

(t=9.395, p<0.001).

Diabetic Peripheral neuropathy(DPN) is noticed in 33 patients (21.2%) of the study group
with varying severity and has direct correlation of HbAlc as noticed by the fact that mean in
those with DPN is noted to be 9.7(+/- 1.6) and 6.9 (+/- 1.46) in non-peripheral neuropathy

having diabetic retinopathy patients.

Table 15: Peripheral neuropathy

Peripheral neuropathy Frequency Percent
Present 33 21.2
Absent 123 78.8

Peripheral neuropathy

140
120
100

80

60

40

-

: ]

present absent

B Frequency M Percent

GRAPH 13 : Frequency and percentage distribution of peripheral neuropathy
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Table 16: Peripheral neuropathy and HBAlc

Peripheral neuropathy Number Mean Std. Deviation
Present 33 9.706061 1.6435365
Absent 123 6.941463 1.4612440

Mean HBA1c in Periphral neuropathy

12

10

[S)
<
I 6
T

4

2

0

present absent
M Mean 9.706061 6.941463
Axis Title
s Mean Linear (Mean)

GRAPH 14: Peripheral neuropathy and HBA1c
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Table 17: FBS PPBS co-relation with DPN with Diabetic Retinopathy

FBS and PPBS were seen to be high in patient with peripheral neuropathy in comparison to

patients having only Diabetic retinopathy, our study shows 269 (+/-94) and 310 (+/- 78)

respectively. Mean FBS and mean PPBS were seen to be significantly high among patients

with DPN compared to those without (p<0.001). The mean FBS and the mean PPBS

were higher in the PDR group compared to other patients with DR (p<0.001).

Peripheral Number of patient Mean FBS Standard deviation
Neuropathy
Present 33 269.24 94.228
Absent 123 175.58 60.241
Peripheral Number of patient Mean PPBS Standard deviation
Neuropathy
Present 33 310.55 78.847
Absent 123 198.59 65.379

t=9.395, p<0.001

FBS PPBS co-relation with DPN with Diabetic
Retinopathy

350
300
250
200
150
100

50

Level

present

absent

Peripheral Neuropathy

B Mean FBS ™ Mean PPBS

GRAPH 15: FBS, PPBS co-relation with DPN with Diabetic Retinopathy
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Table 18: Incidence of Peripheral neuropathy with Severity of DR of Right eye

Percentage Presence of DPN increases as the severity increases as 50% PDR in right and
70% in left eye has Diabetic peripheral neuropathy. Whereas it increases to 70% and 77% in
ADED patients. Proportion of patients with peripheral neuropathy was found to increase with

increasing severity of DR in both eyes among the patients (p<0.001).

Right eye DPN present DPN Absent
Mild DR 5 65
Percentage 7.1% 92.9%

Moderate DR 10 43
Percentage 18.9% 81.1%
Severe/very severe 7 8
DR
Percentage 46.7% 53.3%
PDR 4 4
Percentage 50.0% 50.0%
ADED 7 3
Percentage 70.0% 30.0%
Total 33 123
Percentage 21.2% 78.8%

X?=32.555, p<0.001
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GRAPH 16: Incidence of Peripheral neuropathy with Severity of DR of Right eye

Table 19: Incidence of Peripheral neuropathy with Severity of DR in Left eye

Left eye DPN present DPN Absent
Mild DR 4 63
Percentage 6.0% 94.0%

Moderate DR 10 45
Percentage 18.2% 81.8%
Severe/very severe 5 10
DR
Percentage 33.3% 66.7%
PDR 7 3
Percentage 70.0% 30.0%
ADED 7 2
Percentage 77.8% 22.2%
TOTAL 33 123
21.2% 78.8%
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Severity of DR in Left eye
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severe DR

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

M Patient with DPN  ® Without DPN

GRAPH 17: Incidence of Peripheral neuropathy with Severity of DR in Left eye

The mean HbA1c in both right and left eye for mild and moderate DR was 6.8(+/-1.8)
and 7.4 (+/-1.4) respectively.

Even though mean Levels in ADED 9.5 (+/-1.7) is same in both eyes, in severe DR right
eye shows slightly higher levels of mean HbAlc of 8.7 in comparison to 8.5 of left eye.
On further application of independent t test and ANNOVA we found that the mean
HbAlc in patients with ADED was 9.5+1.8, PDR was 9+1.3, severe/ very severe DR
was 8.7£1.9, moderate DR was 7.4+1.4 and mild DR was 6.9+1.8 (F=9.6, p<0.001).
Severity of diabetic retinopathy in both the eyes was found to significantly increase with
increasing duration of Type II DM among the patients (p<0.001).

Similarly mean FBS and mean PPBS were seen to be significantly high among patients

with DPN compared to those without (p<0.001).
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The mean FBS and the mean PPBS were significantly higherin the PDR group

compared to other patients with DR (p<0.001).

Proportion of patients with peripheral neuropathy was found to significantly

increase with increasing severity of DR in both eyes among the patients (p<0.001).
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DISCUSSION

The current cross-sectional observational study was carried out in the Department of
Ophthalmology, R.L.Jalappa. Hospital and Research Centre, attached to Sri Devaraj Urs
Medical College , Tamka, Kolar between December 2019 and May 2021 with the aim of
correlating the grade of diabetic retinopathy (DR) with the severity of DPN and gauging
their relationship with glycated hemoglobin levels . The study included 156 patients with
both type 1 DM and type 2 DM who fulfilled the selection criteria and gave written informed

consent.

Two clinic-based studies revealed occurrence rates of DR in DM type Il patients in South
India 34.1% and 37%, respectively. *** Agarwal et al in their study revealed that the
prevalence rate of 28.9% of DR.*® In a another study done by Narendran et al revealed an

general prevalence rate of DR to be 26.2%. Out of which NPDR was seen in 94.1% cases.”’

Kalpana. R et al. ® found that males were affected more than females. In a another study by
Sharma VK. et al ' it was observed that the number of males with retinopathy were more
when compared with female . Similarly, in our study we had 106 (67.9%) male and 50
(32.1%) female patients suffering from retinopathy thereby it was observed that a higher

incidence of DR was present among the males in comparison to the females.

Katulanda et al.% found the occurrence of DPN almost same in both the sexes. In our study

also had a similar finding with slight higher male preponderance.

Jet al. *@in their study conducted in the year 2012 found the occurrence of DPN more or
less same in both males and females, which consist of of 43.3% males and 49.8% females.

Katu landa et al.®

in their study on occurrence of DPN in the year 2012 found that the
occurrence in males and females was 20.0% and 26.4%, respectively, which was much less

when compared with our study.
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Katulanda P et al ® and Narendra et al. *" in the study conducted at Arvind Eye Care in 2002

1.1%in their

found that the occurrence of DR was not significantly associated with sex, JI et a
study found that incidence in females was to some extent greater than that of males (52.2%

and 47.8%, respectively), which did not correlate with the findings of our study.

Won et al., %2 and Jl et al. ** also concluded that DPN was more in individuals who had a

longer course of disease.

The period of DM, an essential predictor of DR decides the contact time of other risk factors.
Rema et al. ** in their CURES study-risk of DR amplified by 1.89 for every 5 years increase
in duration. Al-Sarraf et al. 1 detected that patients with the duration of 10 to 19 years of
disease are twice as to be anticipated to have DR and approximately 3 times more when the
exposure is more than 20 years. In a study conducted in USA each year it was found that DM
represents a 6% increase in chance of DR. This connection with duration of diabetes was first
established in the Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR) with
a advanced prevalence in 25, 60 and 80% for 5, 10 and 15 years of development of DM,
respectively.'® Additionally to afore stated, numerous other studies have exhibited statistical
significance for this factor both in type | and type Il DM, perchance the most important
independent risk factor for DR,%:107108.109

Agarwal et al study has shown the maximum prevalence of DR in patients of >15 years of
diabetes to be 52.2%. *'°

Bansal et al.''! 62% prevalence of DR with period of DM of 16-20 years, but then again
higher prevalence in 20-25years duration of DM and retinopathy was seen to be maximum in
patients with DM of more than 25 years.

Sharma VK et al. found that both DR and DPN were associated with longer duration of DM

and poor glycaemic control but were not associated with BMI (obesity).%
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Kumar KH et al.** in their study found that with growing age, duration of DM and higher
HBAlc acted as common risk factors for both DR and DPN while low body weight
predisposed to retinopathy over DPN. In a study studies conducted by Feldman et al.,**® Gill
et al., ™ and Ashok et al.'*® it was found that the period of diabetes was a significant
determinant for neuropathy .In our study it was observed that severity of DR in both the eyes

was found to increase with increasing duration of Type 11 DM among the patients (p<0.001).

In a study conducted by Meena N et al.**® it was found that increase in the FBS,PPBS and

Hbalc biochemical parameters, there is also increase in the DR grade of severity .

In the VERONA study,"?® no association of FPG variability with the onset or the progression
of retinopathy was observed. 2 studies by Japanese from the same clinic, confirm the link
between the variability of FPG in relation to both non proliferative retinopathy and
proliferative retinopathy in Type Il diabetis mellitus patients.**”**® In our study it was found
that the Fasting blood sugar average in retinopathy patients is found to be 178 and PPBS 222,
it was observed that with the increasing trend of levels of FBS there was an increasing
severity in the grade of DR. In Mild and moderate NPDR it was 148 (+/- 45) and 203 (+/-
69), ADED patients had an average FBS of 292(+/- 68). Similarly PPBS is noted to be 178
(+/-61) in mild DR and 275 and 332 in Severe and PDR category respectively, which also has

linear upward trend with plateauing due to overlap with ADED patients.

HbA1c inconsistency was related with macrovascular disease (p = 0.02) in Type Il diabetic
patients, in the ADVANCE trial however short-term glucose variability was associated with

both macrovascular (P = 0.005) and microvascular events (P < 0.001).'%°

Kilpatrick et al.**® In the DCCT study recognized a significantly increased risk of
retinopathy, not only with higher HbAlc mean value , but also with higher fluctuation. It was

observed that for every increase in the SD of HbAlc by a value of one the absolute %, the
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hazard ratio of both the development and progression of DR increased by more than 100

percent.

In a study conducted by Zavrelova et al.**®

with a large cohort of patients with type Il DM (n
= 3343) who were screened every twelve months for six years helped to identify the DR
progression patterns, which showed that patients with higher HbAlc levels, fast progression

from NPDR to PDR may occur. Meena N et al.**°

in their study found that with the rise in the
value of HbALc largely affects the severity of the diabetic retinopathy stages. Therefore, they
suggested an exceedingly significant correlation (P=<0.001) between HbAlc level and the

|.126

severity of DR stages. Raman R et al.”” calculated, a strong association of HbAlc with DR

(P-value < 0.001).

In relation to CURES % Eye study it was observed that as the level of HbAlc increases by 2
percent,the risk of DR increases by 1.7. In another study carried out by Nanda PK et al.*?’it
was understood that HbAlc is a strong predictor of the manifestation of severity of diabetic

retinopathy. In the study by CURES *® and Rema et al. **

they also similarly found that with
the increasing HbA1c numbers there is an increase in the prevalence of retinopathy. Rajendra
Prasad et al observed in their study that there was an increase in the severity of retinopathy
with higher levels of HbA1c.*** Our study noted that there is striking significance of increase
in severity of retinopathy with increase in HbAlc levels and also overlap of the HbAlc levels
with severity of retinopathy. The mean HbAlc in both right and left eye for mild and
moderate DR was 6.8(+/-1.8) and 7.4 (+/-1.4) respectively. Even though mean Levels in

ADED 9.5 (+/-1.7) is same in both eyes, in severe DR right eye shows slightly higher levels

of mean HbA1c of 8.7 in comparison to 8.5 of left eye.

Kumar et al.**in their study came to a conclusion risk of developing microvascular

complications will increase in those with a larger value of HbAlc. Salwa et al. *?® in their
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study acknowledged HbAlc as a modifiable risk factor for diabetic neuropathy. Won et
al., 1% Ji et al.,’® and Rema et al.'® in their corresponding studies found DPN to be more in
those diabetics with a higher values of HbAlc. It was perceived that the rate of rise of DPN is
much higher than of DR. In cases with mild derangement (HbAlc 7-9%), the occurrence of

DPN increases up to the level achieved by retinopathy in cases with severe derangement.

|.131 |.132

Foo et a and Takao et al.”* in their study indicated that HbAlc variability measured as

HbAlc-standard deviation or HbAlc-Coefficeint of Variation was predictive for the

developing diabetic retinopathy and neuropathy. Su et al.**®®

in a study which was cross
sectional conducted over 1-year period of time amongst 563 type Il diabetes patients to
examine the relationship between HbAlc fluctuation measured as HbAlc-CV and DPN. In

their study it was seen that the neuropathy incidence increased with a higher variability of

HbAlc.

Lee WJ et al.*®*® conducted a study which revealed that HbAlc level was a quantitative
indicator of the severity of polyneuropathy; and poor glycemic control (HbAlc level >6.5%)
and that it may perhaps increase incidence of polyneuropathy in DM by more than 5-fold.
Through their study it was concluded close relationships between glycemic erraticism

parameters and DPN in type Il diabetes. Vikendra et al.**®

in their study revealed that the
overall prevalence of DPN in patients with DM 56% and 27%. Pai et al.*® showed that those
with a higher Coffecient of Variability of fasting plasma glucose had an evidently greater risk
of DPN. Venkatesh et al.**® in their study on patients with different grades of retinopathy, a
greater yield was seen with nerve conduction when compared to other clinical tests for DPN.

In our study the mean HbAlc in patients with DPN (n=33) was 9.7+1.6 in comparison to

6.9+1.5 among patients without diabetic peripheral neuropathy (n=123) (t=9.395, p<0.001).
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DPN was noticed in 33 patients (21.2%) of the study group with varying severity and it was
seen to have a direct correlation to HbA1c values. In our study the FBS and PPBS were found
to be high in patient with peripheral neuropathy in comparison to patients having only
Diabetic retinopathy. Mean FBS and mean PPBS were seen to be significantly high among
patients with DPN compared to those without (p<0.001). The mean FBS and the mean PPBS

were significantly higher in the PDR group compared to other patients with DR (p<0.001).

Sharma VK et al.}” showed that prevalence of DPN in cases with DR was 2.75 times than in
cases without DR (14%). Kumar et al. ** and Won et al. 1* established that incidence of DPN

.12 and Katulanda et

was observed to be increased in patients with retinopathy. Salwa et a
al. % indicated that DR as most significant risk factors for a patient with DPN and their ratio
of association was almost similar to the findings of our study. Jlet al.'®in their
study proved that DR is an independent risk factor for DPN. The percentage of cases

suffering from both the microvascular complication was found almost equal to that of our

study.

14
| 140

Gavin et a studied the association of prevalence of DR in individuals with and without

DPN and it was seen to be 2 times more. Ashok et al.**®

in a study to perceive prevalence of
neuropathy, compared incidence of retinopathy in patients with and without neuropathy and

found a higher incidence in those with neuropathy.

In our study it was found that the percentage presence of DPN increases as the severity
increases as 50% PDR in right and 70% in left eye has Diabetic peripheral neuropathy.
Whereas it increases to 70% and 77% in ADED patients. Proportion of patients with
peripheral neuropathy was seen to increase significantly with rise in severity of DR in both

eyes among the patients (p<0.001).
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CONCLUSION



CONCLUSION

In the present study which was conducted it was observed that there was a clinical correlation
between the severity of the diabetic retinopathy and the presence of diabetic peripheral

neuropathy.

DPN was seen to be remarkably more common in those diabetics with retinopathy than in
those without retinopathy. A statistically significant positive correlation was found between

severity of DR and the incidence of DPN.

DM when present for a longer duration was concluded to be a common risk factor for both

DR and DPN.

Higher glycemic index variability and elevated Hbalc levels were associated with both DR

and DPN.
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SUMMARY



SUMMARY

DR and DPN are the common complication which occur in diabetes mellitus. Both are
microvascular complications and is said to share a common pathophysiology. DR and DPN
related complications lead to a large number of mortality and morbidity, one causes
irreversible blindness and the other may lead to lower limb amputations. Studies have found
that presence of any one complication may help in diagnosing the other. However, there is
limited studies carried out to show the correlation between the two and its relationship with

glycated hemoglobin levels.

The current cross-sectional observational study was carried out in the Department of
Ophthalmology, R.L.Jalappa. Hospital and Research Centre, attached to Sri Devaraj Urs

Medical College , Tamka, Kolar between December 2019 and May 2021.

In the pesent study the mean HbA1lc in both right and left eye for mild and moderate DR was
6.8(+/-1.8) and 7.4 (+/-1.4) respectively. Even though mean Levels in ADED 9.5 (+/-1.7) is
same in both eyes, in severe DR right eye shows slightly higher levels of mean HbAl1c of 8.7
in comparison to 8.5 of left eye. On further application of independent t test and ANNOVA it
was observed that the mean HbALc in patients with ADED was 9.5+1.8, PDR was 9+1.3,
severe/ very severe DR was 8.7+1.9, moderate DR was 7.4+1.4 and mild DR was 6.9+1.8

(F=9.6, p<0.001).

Severity of diabetic retinopathy in both the eyes was found to increase with increase in
duration of Type Il DM among the patients (p<0.001).

Similarly mean FBS and mean PPBS were shown to be high among patients with diabetic
neuropathy compared to those without (p<0.001).

The mean FBS and the mean PPBS were higher in the PDR group compared to other patients

with DR (p<0.001).
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Proportion of patients with peripheral neuropathy was found to increase with increase in
severity of DR in both eyes among the patients (p<0.001).

Our study, by proving a correlation between the DR and DPN with Hbalc values, give
emphasis to the importance of an interdepartmental level of screening and

treatment,irrespective of the symptoms and the reason for the visit.

The treating doctor should encourage a screening test of HbAlc for all patients with DM and
should be referred to an ophthalmologist for screening for retinopathy. Hence, both the
general physicians and ophthalmologist play a very important role in the overall care of

patient with DM.

Page 77



BIBLIOGRAPHY




BIBLIOGRAPHY

. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res Clin

Pract. 2014;103(2):137-49.

Nanditha A, Ma RC, Ramachandran A, Snehalatha C, Chan JC, Chia KS,Shaw JE,
Zimmet PZ. Diabetes in Asia and the Pacific: Implications for the global epidemic.

Diabetes care. 2016;39(3):472-85.

. Stitt AW, Curtis TM, Chen M, Medina RJ, McKay GJ, Jenkins A, Gardiner TA,
Lyons TJ, et al. The progress in understanding and treatment of diabetic retinopathy.

Prog Retin Eye Res. 2016;51:156-86.

. Committee MW. The Metabolic Syndrome is a risk indicator of microvascular and
macrovascular complications in diabetes Results from Metascreen, a multicenter
diabetes clinic-based survey. Diabetes care. 2006;29(12):2701-7.

Macleod J, Edwards C . Davidson's principles and practice of Medicine. 21% ed.
Edinburgh: Elsevier; 2010.

. American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care 2010; 33 Suppl 1:562-9.

. Giacco F, Brownlee M, Holt R, Cockram C, Flyvbjerg A, Goldstein B. Textbook of
diabetes. Wiley-Blackwell; 2010.

. Committee MW. The Metabolic Syndrome Is a Risk Indicator of Microvascular and
Macrovascular Complications in Diabetes Results from Metascreen, a multicenter

diabetes clinic—based survey. Diabetes care. 2006;29(12):2701-7.

Page 78



10.

11.

12.

13.

14.

15.

16.

17.

18.

Sivaprasad S, Gupta B, Crosby-Nwaobi R, Evans J. Prevalence of diabetic
retinopathy in various ethnic groups: a worldwide perspective. Surv Ophthalmol.
2012;57(4):347-70.

Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet (London, England).
2010;376(9735):124-36.

Boulton AJ, Malik RA, Arezzo JC, Sosenko JM. Diabetic somatic neuropathies.
Diabetes care. 2004;27(6):1458-86.

Brownlee M. The pathobiology of diabetic complications: a unifying mechanism.
Diabetes. 2005;54(6):1615-25.

Klein R. Hyperglycemia and microvascular and macrovascular disease in diabetes.
Diabetes Care 1995;18:258-68.

Abdollahi A, Moghimi S, Tabasi A, Rajabi MT, Sabet B. Neuropathy and retinopathy
in diabetes: Is there any association?. Int J Ophthalmol. 2009;2(1):57-60.

Diabetes Control and Complications Trial Research Group. Progression of retinopathy
with intensive versus conventional treatment in the Diabetes Control and
Complications Trial. Ophthalmology. 1995;102(4):647-61.

Bansal D, Gudala K, Muthyala H, Esam HP, Nayakallu R, Bhansali A. Prevalence
and risk factors of development of peripheral diabetic neuropathy in type 2 diabetes
mellitus in a tertiary care setting. J Diabetes Investig. 2014;5(6):714-21,

Kumar KH, Kota SK, Basile A, Modi KD. Profile of microvascular disease in type 2
diabetes in a tertiary health care hospital in India. Ann Med Health Sci Res.
2012;2(2):103-8.

Pradeepa R, Rema M, Vignesh J, Deepa M, Deepa R, Mohan V. Prevalence and risk
factors for diabetic neuropathy in an urban south Indian population: the Chennai

Urban Rural Epidemiology Study (CURES-55). Diabet Med. 2008;25(4):407-12.

Page 79



19.

20.

21.

22.

23.

24,

25.

26.

27.

Karam T, Kamath YS, Rao LG, Rao KA, Shenoy SB, Bhandary SV. Diabetic
retinopathy in patients with diabetic foot syndrome in South India. Indian J
Ophthalmol. 2018;66(4):547

Sharma VK, Joshi MV, Vishnoi AA. Interrelation of retinopathy with peripheral
neuropathy in diabetes mellitus. J Clin Ophthalmol Res. 2016;4(2):83.

Lumbroso B, Rispoli M, Savastano CM. Diabetic Retinopathy. 1%ed. Delhi:Jaypee;
2015.

Harrison T, Kasper D, Fauci A, Hauser S, Longo D, Jameson LJ, et al. Harisson's
principles of internal medicine. 20" ed. New york: McGraw-Hill education; 2015.
Thomas NJ, Lynam AL, Hill AV, Weedon MN, Shields BM, Oram RA, et al. Type 1
diabetes defined by severe insulin deficiency occurs after 30 years of age and is
commonly treated as type 2 diabetes. Diabetologia. 2019;62(7):1167-72

Zhou B, Lu Y, Hajifathalian K, Bentham J, Di Cesare M, Danaei G, Bixby H, Cowan
MJ, Ali MK, Taddei C, Lo WC. Worldwide trends in diabetes since 1980: a pooled
analysis of 751 population-based studies with 4- 4 million participants.Lancet.
2016;387(10027):1513-30.

Kiadaliri AA. Global, regional, and national incidence, prevalence, and years lived
with disability for 354 diseases and injuries for 195 countries and territories, 1990-
2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet.
2018;392(10159):1789-858.

Kiadaliri AA. Causes of Death Collaborators. Global, regional, and national age-sex
specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet. 2017;390(10100): 1151-210.

Atlas D. International Diabetes Federation. IDF Diabetes Atlas, 7" ed. Brussels,

Belgium: International Diabetes Federation, 2015.

Page 80



28.

29.

30.

31.

32.

33.

34.

35.

World Health Organization. Global Report on Diabetes. 2016.

Tandon N, Anjana RM, Mohan V, Kaur T, Afshin A, Ong K, Mukhopadhyay S,
Thomas N, Bhatia E, Krishnan A, Mathur P. The increasing burden of diabetes and
variations among the states of India: the Global Burden of Disease Study 1990-2016.
Lancet Global Health. 2018;6(12):e1352-62.

Cho N, Shaw JE, Karuranga S, Huang YD, da Rocha Fernandes JD, Ohlrogge AW,
Malanda B. IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and
projections for 2045. Diabetes Res Clin Pract. 2018;138:271-81.

Gilbert C, Gordon I, Mukherjee CR, Govindhari V. Guidelines for the prevention and
management of diabetic retinopathy and diabetic eye disease in India: a synopsis.
Indian J Ophthalmol. 2020;68(Suppl 1):S63.

Bloom, DE, Cafiero-Fonseca ET, Candeias V, Adashi E, Bloom L, Gurfein L, et
al. Economics of Non-Communicable Diseases in India: The Costs and Returns on
Investment of Interventions to Promote Healthy Living and Prevent, Treat, and
Manage NCDs. World Economic Forum, Harvard School of Public Health, 2014.
Sicree R, Shaw J, Zimmet P. Diabetes and impaired glucose tolerance. In: Gan D,
editor. Diabetes Atlas. International Diabetes Federation. 3™ ed. Belgium:
International Diabetes Federation; 2006;15-103

Sahai A, Malik P. Dry eye: prevalence and attributable risk factors in a hospital-based
population. Indian J Ophthalmol. 2005;53(2):87-91.

Ribeiro MV, Barbosa FT, Ribeiro LE, Lacet CM, Lyra JM, Ribeiro EA. Clinical
features of diabetic patients with dry eye disease in a community in Maceio: a cross-

sectional study. Revista Brasileira de Oftalmologia. 2016;75:121-6.

Page 81



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Sicree R, Shaw J, Zimmet P. Diabetes and impaired glucose tolerance. In: Gan D,
editor. Diabetes Atlas. International Diabetes Federation. 3rd ed., Belgium:
International Diabetes Federation; 2006 p. 15-103

Mathers WD. Ocular evaporation in meibomian gland dysfunction and dry eye.
Ophthalmology 1993;100(3):347-51.

Fouiks GN. Management of meibomian glands disease. The meibomian glands:
secretion, pathology and contact lens problems. Lisse, The Netherlands: Swets &
Zeitlinger Publishers; 2003.

Zhang X, Zhao L, Deng S, Sun X and Wang N. Dry eye syndrome in patients with
diabetes mellitus: prevalence, etiology and clinical characteristics. J Ophthalmol.
2016;8201053.

Kaiserman I, Kaiserman N, Nakar S, Vinker S. Dry eye in diabetic patients. Am J
Ophthalmol. 2005;139(3):498-03.

Ribeiro MVMR, Barbosa FT, Ribeiro LEF, Lacet CMC, Lyra JMAG, Ribeiro EAN.
Clinical features of diabetic patients with dry eye disease in a community in Maceio: a
cross-sectional study. Rev Bras Oftalmol. 2016; 75:121-6.

Salmon FJ. Kanski's clinical Ophthalmology. 9™ ed.China: Elsevier; 2020.

Yanoff M, Duker JS. Ophthalmology. 4th ed.China: Elsevier; 2014.

Kawasaki R, Tielsch JM, Wang JJ, Wong TY, Mitchell P, Tano Y, et al. The
metabolic syndrome and retinal microvascular signs in a Japanese population: the
Funagata study. Br J Ophthalol. 2008;92(2):161-6.

Pettitt D, Lisse J, Knowler W, Bennett P. Development of retinopathy and proteinuria
in relation to plasma-glucose concentrations in Pima Indians. Lancet.

1980;316(8203):1050-2.

Page 82



46.

47.

48.

49,

50.

51.

52.

53.

54.

Preferred practice pattern guidelines San Fransisco, CA: American academy of
ophthalmology; 2017

Klein R, Lee KE, Knudtson MD, Gangnon RE, Klein BE. Changes in visual
impairment prevalence by period of diagnosis of diabetes: the Wisconsin
Epidemiologic Study of Diabetic Retinopathy. Ophthalmology. 2009;116(10):1937-
42

Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, Chen SJ,
Dekker JM, Fletcher A, Grauslund J, Haffner S. Global prevalence and major risk
factors of diabetic retinopathy. Diabetes Care. 2012 Mar 1;35(3):556-64.

Retina Anatomy 2015

Antonetti DA, Klein R, Gardner TW. Diabetic retinopathy. N Engl J Med.
2012;366(13): 1227-39.

Klein R, Klein BE, Moss SE, Wong TY. Retinal vessel caliber and microvascular and
macrovascular disease in type 2 diabetes: XXI: the Wisconsin Epidemiologic Study of
Diabetic Retinopathy. Ophthalmology. 2007;114(10):1884-92.

Chawla A, Chawla R, Jaggi S. Microvasular and macrovascular complications in
diabetes mellitus: distinct or continuum?. Indian J Endocrinol Metab. 2016;20(4):546.
Zhu D, Zhou J, Xu X. Influence of Lactic Acid on Differential Expression of Vascular
Endothelial Growth Factor and Pigment Epithelium-derived Factor in Explants of Rat
Retina. Curr Eye Res. 2012;37(11):1025-9.

Choudhuri S, Mandal LK, Paine SK, Sen A, Dutta D, Chowdhury IH, et al. Role of
hyperglycemia-mediated erythrocyte redox state alteration in the development of

diabetic retinopathy. Retina. 2013;33(1):207-16.

Page 83



55.

56.

S7.

58.

59.

60.

61.

62.

63.

Ng YK, Zeng XX, Ling EA. Expression of glutamate receptors and calcium binding
proteins in the retina of streptozotocin-induced diabetic rats. Brain Res.
2004;1018(1):66-72.

Billups B, Attwell D. Modulation of non-vesicular glutamate release by pH. Nature.
1996;379(6561):171-4,

Xu J, Lu X, Shi G-P. Vasa vasorum in atherosclerosis and clinical significance. Int J
Mol Sci. 2015;16(5):11574-608.

Hayden MR, Tyagi SC. Vasa vasorum in plaque angiogenesis, metabolic syndrome,
type 2 diabetes mellitus, and atheroscleropathy: a malignant transformation.
Cardiovasc Diabetolol. 2004;3(1):1-6.

Bonnefond A, Saulnier PJ, Stathopoulou MG, Grarup N, Ndiaye NC, Roussel R, et al.
What is the contribution of two genetic variants regulating VEGF levels to type 2
diabetes risk and to microvascular complications?. PloS One. 2013;8(2):e55921.
Schratzberger P, Walter DH, Rittig K, Bahlmann FH, Pola R, Curry C, et al. Reversal
of experimental diabetic neuropathy by VEGF gene transfer. J Clin Invest.
2001;107(9):1083-92.

Gao G, Li Y, Zhang D, Gee S, Crosson C, Ma JX. Unbalanced expression of VEGF
and PEDF in ischemia-induced retinal neovascularization. FEBS Lett. 2001;489(2-
3):270-6.

Tesfaye S, Malik R, Harris N, Jakubowski JJ, Mody C, Rennie IG, et al.
Arteriovenous shunting and proliferating new vessels in acute painful neuropathy of
rapid glycaemic control (insulin neuritis). Diabetologia. 1996;39(3):329-35.

Orasanu G, Plutzky J. The pathologic continuum of diabetic vascular disease. J Am

Coll Cardiol. 2009;53(5 Supplement):S35-42.

Page 84



64.

65.

66.

67.

68.

69.

70.

71.

72.

Kowluru RA, Tang J, Kern TS. Abnormalities of retinal metabolism in diabetes and
experimental galactosemia: VII. Effect of long-term administration of antioxidants on
the development of retinopathy. Diabetes. 2001;50(8):1938-42.

Silva PS, Sun JK, Aiello LP. Role of steroids in the management of diabetic macular
edema and proliferative diabetic retinopathy. Semi Ophthalmol. 2009;24(2):93-9

Behl T, Kaur I, Kotwani A. Implication of oxidative stress in progression of diabetic
retinopathy. Surv Ophthalmol. 2016;61(2):187-96.

El-Asrar AM, Dralands L, Missotten L, Al-Jadaan 1A, Geboes K. Expression of
apoptosis markers in the retinas of human subjects with diabetes. Invest Ophthalmol
Vis Sci. 2004,45(8):2760-6.

Mondal LK, Baidya KP, Bhaduri G, Bandyopadhyay R, Bhattacharya B. Alteration of
timing of secretion of vascular endothelial growth factors is responsible for
progression of diabetic retinopathy. J Ind Med Assoc. 2008;106(8):508-10.

Aldington SJ, Kohner EM, Meuer S, Klein R, Sjglie AK. Methodology for retinal
photography and assessment of diabetic retinopathy: the EURODIAB IDDM
complications study. Diabetologia. 1995;38(4):437-44.

Harding S, Greenwood R, Aldington S, Gibson J, Owens D, Taylor R, et al. Grading
and disease management in national screening for diabetic retinopathy in England and
Wales. Diabet Med. 2003;20(12):965-71.

Wilkinson C, Ferris 1ll FL, Klein RE, Lee PP, Agardh CD, Davis M, et al. Proposed
international clinical diabetic retinopathy and diabetic macular edema disease severity
scales. Ophthalmology. 2003;110(9):1677-82.

Otani T, Kishi S, Maruyama Y. Patterns of diabetic macular edema with optical

coherence tomography. Am J Ophthalmol. 1999;127(6):688-93.

Page 85



73.

74.

75.

76.

77.

78.

79.

80.

Dyck PJ, Albers JW, Andersen H, Arezzo JC, Biessels GJ, Bril V, et al. Diabetic
polyneuropathies: update on research definition, diagnostic criteria and estimation of
severity. Diabetes Metab Res Rev. 2011;27(7):620-8.

Dyck PJ, Lais A, Karnes JL, O'Brien P, Rizza R. Fiber loss is primary and multifocal
in sural nerves in diabetic polyneuropathy. Annals of Neurology: Official Journal of
the American Neurological Association and the Child Neurology Society.
1986;19(5):425-39.

Behse F, Buchthal F, Carlsen F. Nerve biopsy and conduction studies in diabetic
neuropathy. J Neurol Neurosurg Psychiatry. 1977;40(11):1072-82.

Pop-Busui R, Boulton AJ, Feldman EL, Bril V, Freeman R, Malik RA, et al. Diabetic
neuropathy: a position statement by the American Diabetes Association. Diabetes
care. 2017;40(1):136-54.

Albers JW, Pop-Busui R. Diabetic neuropathy: mechanisms, emerging treatments,
and subtypes. Curr Neurol Neurosci Rep. 2014;14(8):473.

Ziegler D, Rathmann W, Dickhaus T, Meisinger C, Mielck A. Neuropathic pain in
diabetes, prediabetes and normal glucose tolerance: the MONICA/KORA Augsburg
Surveys S2 and S3. Pain Med. 2009;10(2):393-00.

Bril V, Perkins BA. Validation of the Toronto Clinical Scoring System for diabetic
polyneuropathy. Diabetes Care. 2002;25(11):2048-52.

Herman W, Pop-Busui R, Braffett B, Martin C, Cleary P, Albers J, et al. Use of the
Michigan Neuropathy Screening Instrument as a measure of distal symmetrical
peripheral neuropathy in Type 1 diabetes: results from the Diabetes Control and
Complications Trial/Epidemiology of Diabetes Interventions and Complications.

Diabet Med. 2012;29(7):937-44.

Page 86



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Singleton JR, Bixby B, Russell JW, Feldman EL, Peltier A, Goldstein J, et al. The
Utah Early Neuropathy Scale: a sensitive clinical scale for early sensory predominant
neuropathy. J Peripher Nerv Syst. 2008;13(3):218-27.

Morrison S, Colberg S, Parson H, Vinik A. Relation between risk of falling and
postural sway complexity in diabetes. Gait Posture. 2012;35(4):662-8.

Boulton AJ. Diabetic neuropathy and foot complications. Handb Clin Neurol.
2014;126:97-07.

Yang Z, Chen R, Zhang Y, Huang Y, Hong T, Sun F, et al. Scoring systems to screen
for diabetic peripheral neuropathy. Cochrane Database of Syst Rev. 2014(3).

Fenwick EK, Xie J, Ratcliffe J, Pesudovs K, Finger RP, Wong TY, et al. The impact
of diabetic retinopathy and diabetic macular edema on health-related quality of life in
type 1 and type 2 diabetes. Invest Ophthalmol Vis Sci. 2012;53(2):677-84.

Bernbaum M, Albert SG, Duckro PN. Psychosocial profiles in patients with visual
impairment due to diabetic retinopathy. Diabetes Care. 1988;11(7):551-7.

Vileikyte L, Leventhal H, Gonzalez JS, Peyrot M, Rubin RR, Ulbrecht JS, et al.
Diabetic peripheral neuropathy and depressive symptoms: the association revisited.
Diabetes Care. 2005;28(10):2378-83.

Rahbar S, Blumenfeld O, Ranney HM. Studies of an unusual hemoglobin in patients
with diabetes mellitus. Biochem Biophys Res Commun. 1969; 36(5):838-43.
Massi-Benedetti M. Changing targets in the treatment of type 2 diabetes. Curr Med
Res Opin. 2006;22 Suppl:S5-13.

Nathan DM, Turgeon H, Regan S. Relationship between glycated haemoglobin levels
and mean glucose levels over time. Diabetologia. 2007;50:2239-44.

International Expert Committee report on the role of the A1C assay in the diagnosis of

diabetes. Diabetes Care. 2009;32:1327-34.

Page 87



92.

93.

94.

95.

96.

97.

98.

99.

McCance DR, Hanson RL, Charles MA, et al. Comparison of tests for glycated
haemoglobin and fasting and two hour plasma glucose concentrations as diagnostic
methods for diabetes. Br J Ophthalmol. 1994;308:1323-8.

McCance DR, Hanson RL, Charles MA, Jacobsson LT, Pettitt DD, Knowler WC, et
al. Comparison of tests for glycated haemoglobin and fasting and two hour plasma
glucose concentrations as diagnostic methods for diabetes Br J
Ophthalmol. 1994;308:1323-8.

Engelgau MM, Thompson TJ, Herman WH, Boyle JP, Aubert RE, Kenny SJ, et al.
Comparison of fasting and 2-hour glucose and HbAlc levels for diagnosing
diabetes. Diagnostic ~ criteria  and performance revisited. Diabetes
Care. 1997;20(5):785-91.

Tapp RJ, Tikellis G, Wong TY, et al. Longitudinal association of glucose
metabolism with retinopathy: results from the Australian Diabetes Obesity and
Lifestyle study. Diabetes Care. 2008;31:1349-54.

Gallagher EJ, Bloomgarden ZT, Le Roith D. Review of hemoglobin Alc in the
management of diabetes. J Diabetes. 2009;1:9-17.

Roberts WL, De BK, Brown D, Hanburyy CM, Hoyer JD, John WG, et al. Effects
of hemoglobin C and S traits on eight glycohemoglobin methods. Clin
Chem. 2002;48(2):383-5.

Silva PS, Cavallerano JD, Sun JK, Aiello LM, Aiello LP. Effect of systemic
medications on onset and progression of diabetic retinopathy. Nat Rev Endocrinol.
2010;6(9):494-08.
Katulanda P, Ranasinghe P, Jayawardena R, Constantine GR, Sheriff MR, Matthews
DR. The prevalence, patterns and predictors of diabetic peripheral neuropathy in a

developing country. Diabetolo Metab Syndr. 2012;4(1):1-8.

Page 88



100.

101.

102.

103.

104.

105.

106.

107.

108.

Avogaro A, Fadini GP. The effects of dipeptidyl peptidase-4 inhibition on
microvascular diabetes complications. Diabetes Care. 2014;37(10):2884-94.

Edwin H, Ryan J, Han DP, Ramsay RC, Cantrill HL, Bennett SR, Dev S, et al.
Diabetic macular edema associated with glitazone use. Retina. 2006;26(5):562- 70.
Chew EY, Davis MD, Danis RP, Lovato JF, Perdue LH, Greven C, et al. The effects
of medical management on the progression of diabetic retinopathy in persons with
type 2 diabetes: The Action to Control Cardiovascular Risk in Diabetes (ACCORD)
Eye Study. Ophthalmology. 2014;121(12):2443-51

Murray AM, Hsu FC, Williamson JD, Bryan RN, Gerstein HC, Sullivan MD, Miller
ME, Leng |, Lovato LL, Launer LJ. ACCORDION MIND: results of the
observational extension of the ACCORD MIND Randomised trial. Diabetologia.
2017 Jan;60(1):69-80.

Rajalakshmi R, Prathiba V, Mohan V. Does tight control of systemic factors help in
the management of diabetic retinopathy?. Indian J Ophthalmol. 2016;64(1):62.

Rema M, Poonaiya M, Mohan V. Prevalance of retinopathy in non-insulin dependent
diabetes mellitus at a diabetes centre in Southern India. Diabetes Res Clin Pract.
1996;34(1):29-36

Sharma RA. Diabetic eye disease in southern India. Comm Eye Health.1996;9:56-8.
Agarwal RP, Ranka M, Beniwal R, Gothwal SR, Jain GC, Kochar DK, et al.
Prevalence of diabetic retinopathy in type 2 diabetes in relation to risk factor: Hospital
based. Int J Diabet Dev Countries 2003;23:16-9.

Narendran V, John RK, Raghuram A, Ravindran RD, Nirmalan PK, Diabetic
retinopathy among self-reported diabetics in Southern India : A population based

assessment. Br J Ophthalmol. 2002;86:1014-8.

Page 89



109.

110.

111.

112.

113.

114.

115.

116.

Kalpana R, Kothandaraman K, Anuradha P. Association of peripheral neuropathy
with retinopathy in diabetic patients. Indian J Clin Exp Ophthalmol. 2018;4(1):115-9.

Na JI, Zhang N, Ren ZJ, Jia KB, Li WA, Ni JX, Jun MA. Risk factors and pain status
due to diabetic neuropathy in chronic long-term diabetic patients in a Chinese urban
population. Chin Med J. 2012;125(23):4190-6.

Won JC, Kwon HS, Kim CH, Lee JH, Park TS, Ko KS, et al. Prevalence and clinical
characteristics of diabetic peripheral neuropathy in hospital patients with Type 2
diabetes in Korea. Diabet Med 2012;29(9):e290-6.

Rema M, Premkumar S, Anitha B, Deepa R, Pradeepa R, Mohan V. Prevalence of
diabetic retinopathy in urban India: The Chennai Urban Rural Epidemiology Study

(CURES) eye study, I. Invest Ophthalmol Vis Sci. 2005;46(7):2328-33.

Al-Sarraf A, Al-Bannai S, Al-Furaih S, EIl-Shazly M. Prevalence and factors
associated with diabetic retinopathy, a multi-centric study in Kuwait. Alex J Med.
2010;46(2):99-08.

Klein R, Klein BE., Moss SE, Davis MD, DeMets DL. The Wisconsin epidemiologic
study of diabetic retinopathy: Prevalence and risk of diabetic retinopathy when age at

diagnosis is 30 or more years. Arch Ophthalmol.1984;102(4):527-32.

Jost BS, Hilgemberg E, Rodrigues EB, Daniotti AF, Bonamigo EL. Prevalence of
diabetic retinopathy in patients affected by type 2 diabetes mellitus in the city of
Luzerna--SC. Arg Bras Oftalmol. 2010;73(3):259-65.

Yang JY, Kim NK, Lee YJ, Noh JH, Kim DJ, Ko KS, et al. Prevalence and factors
associated with diabetic retinopathy in a Korean adult population: the 2008-2009
Korea National Health and Nutrition Examination Survey. Diabetes Res Clin Pract.

2013;102(3):218-24.

Page 90



117.

118.

119.

120.

121.

122.

123.

124.

Bamashmus MA, Gunaid AA, Khandekar RB. Diabetic retinopathy, visual
impairment and ocular status among patients with diabetes mellitus in Yemen: a

hospital-based study. Indian J Ophthalmol. 2009;57(4):293-8.

Rani PK, Raman R, Chandrakantan A, Pal SS, Perumal GM, Sharma T. Risk factors
for diabetic retinopathy in self-reported rural population with diabetes. J Postgrad
Med. 2009 ;55(2):92-6.

Agarwal RP, Ranka M, Beniwal R, Gothwal SR, Jain GC, Kochar DK, et al.

Prevalence of diabetic retinopathy in type 2 diabetes in relation to risk factor: Hospital

based study. Int J Diabetes Dev Countries 2003;23:16-9.

Bansal P, Gupta RP, Kotecha M. Frequency of diabectic retinopathy in patients with
diabetes mellitus and its correlation with duration of diabetes mellitus. Med J DY

Patil Univ. 2013;6:366-9

Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, Wright DE, Bennett DL, et
al. Diabetic neuropathy. Nat Rev Dis Primers. 2019;5:41.

Gill SK, Yadav SB, Bhatia E. A prospective study of prevalence and association of
peripheral neuropathy in patients with newly diagnosed type 2 diabetes mellitus. J
Postgrad Med. 2014;60:270-4.

Ashok S, Ramu M, Deepa R, MohanV. Prevalence of neuropathy in type 2 diabetic
patients attending a diabetes centre in south India. J Assoc Physicians India
2002;50:546-0.

Meena N , Meena HS, Meena MM. Correlation of blood sugar and Hbalc levels in
different stages of diabetic retinopathy at our tertiary care center in Ajmer, Int J

Scientific Res. 2019;8(5):77-9.

Page 91


https://www.mjdrdypu.org/article.asp?issn=0975-2870;year=2013;volume=6;issue=4;spage=366;epage=369;aulast=Bansal;type=3

125.

126.

127.

128.

129.

130.

131.

132.

Takao T, Ide T, Yanagisawa H, Kikuchi M, Kawazu S, Matsuyama Y. The effect of
fasting plasma glucose variability on the risk of retinopathy in type 2 diabetic
patients: retrospective long-term follow-up. Diabetes Res Clin Pract. 2010;89:296-2.
Takao T, Ide T, Yanagisawa H, Kikuchi M, Kawazu S, Matsuyama Y. The effects of
fasting plasma glucose variability and time-dependent glycemic control on the long-
term risk of retinopathy in type 2 diabetic patients. Diabetes Res Clin
Pract. 2011;91:e40-2.

Kilpatrick ES, Righby AS, Atkin SL. A1C variability and the risk of microvascular
complications in type 1 diabetes: data from the diabetes control and complications
trial. Diabetes Care. 2008;31:2198-02.

Lin CC, Chen CC, Chen FN, Li CI, Liu CS, Lin WY, et al. Risks of diabetic
nephropathy with variation in hemoglobin Alc and fasting plasma glucose. Am J
Med. 2013;126:1017e1-10.

Sartore G, Chilelli NC, Burlina S, Lapolla A. Association between glucose variability
as assessed by continuous glucose monitoring (CGM) and diabetic retinopathy in type
1 and type 2 diabetes. Acta Diabetol. 2013;50:437-42.

Gimeno-Orna JA, Castro-Alonso FJ, Boned-Juliani B, LouArnal LM. Fasting plasma
glucose variability as a risk factor of retinopathy in type 2 diabetic patients. J Diabetes
Complications. 2003;17:78-81.

Zoppini G, Verlato G, Targher G, Casati S, Gusson E, Biasi V, et al. Is fasting
glucose variability a risk factor for retinopathy in people with type 2 diabetes. Indian J
Endocrinol Metab. 2009;19:334-9.

Hirakawa Y, Arima H, Zoungas S, Ninomyia T, Cooper M, Hamet P, et al. Impact of

visit-to-visit glycemic variability on the risks of macrovascular and microvascular

Page 92


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3743360/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3743360/

133.

134.

135.

136.

137.

138.

139.

140.

events and all-cause mortality in type 2 diabetes: the ADVANCE trial. Diabetes Care.
2014;37: 2359-65.

Kilpatrick ES, Rigby AS, Atkin SL. A1C variability and the risk of microvascular
complications in type 1 diabetes: data from the Diabetes Control and Complications
Trial. Diabetes Care. 2008;31:2198-202.

Lee WJ, Jang S, Lee SH, Lee HS. Correlation Between the Severity of Diabetic
peripheral polyneuropathy and glycosylated hemoglobin levels: a quantitative study.
Anna Rehabil Med. 2016;40(2):263-70.

Raman R, Verma A, Pal SS, Gupta A, Vaitheeswaran K, Sharma T. Influence of
glycosylated hemoglobin on sight-threatening diabetic retinopathy: A population-
based study. Diabetes Res Clini Pract. 2011;92(2):168-73.

Nanda PK, Mohanta S. Correlation between HbA1c and diabetic retinopathy in type 2

diabetes mellitus. Journal Evid Med. 2020;7(4):182-5.

Prasad JR, Nayana G. Association of diabetic retinopathy in type Il Diabetes Mellitus

with HbA1c levels: a study. IOSR J Dent Med Sci. 2016;15(7):48-53.

Salwa SI, Ayman SA. Explorative study on diabetic neuropathy among type 2
diabetic patients in university Sains Malaysia Hospital. Diabet Metab Syndr Clin Res
Rev. 2012;6:167-72.

Foo V, Quah J, Cheung G, Tan NC, Ma Zar KL, Chan CM, et al. HbA1c, systolic
blood pressure variability and diabetic retinopathy in Asian type 2 diabetics. J
Diabetes. 2017;9:200-7

Takao T, Suka M, Yanagisawa H, Matsuyama Y, Iwamoto Y. Predictive ability of
visit-to-visit variability in HbAlc and systolic blood pressure for the development of
microalbuminuria and retinopathy in people with type 2 diabetes. Diabetes Res Clin

Pract. 2017;128:15-23.

Page 93



141.

142.

143.

144.

145.

146.

Su JB, Zhao LH, Zhang XL, Cai HL, Huang HY, Xu F, et al. HbAlc variability and
diabetic peripheral neuropathy in type 2 diabetic patients. Cardiovasc
Diabetol. 2018;17(1):1-9.

Sharma VK, Joshi MV, Vishnoi AA. Interrelation of retinopathy with peripheral
neuropathy in diabetes mellitus. J Clin Ophthalmol Res. 2016;4(2):83-7.

Oyibo SO, Prasad YD, Jackson NJ, Jude EB, Boulton AJ. The relationship between
blood glucose excursions and painful diabetic peripheral neuropathy: a pilot
study. Diabet Med. 2002;19:870-3.

Pai YW, Lin CH, Lee IT, Chang MH. Variability of fasting plasma glucose and the
risk of painful diabetic peripheral neuropathy in patients with type 2 diabetes.
Diabetes Metab. 2018;44(2):129-34.

Klein R, Klein BE, Moss SE. Visual impairment in diabetes. Ophthalmology.
1984;91(1):1-9.

Gavin In, The relationship between peripheral Neuropathy and Diabetic Retinopathy
in an Asian Population. Singapore Malay Eye Study, Ophthalmology

2008;115(11):1869-75.

Page 94



ANNEXURE



ANNEXURE-1

Case no:
Name:

Age:

Sex:
Occupation:

Past history:

Diabetic status

e Duration of DM —

e Diabetes treatment —

STUDY PROFORMA

Date:
OP no:
IP no:
Address:

Personal history: Tobacco/ Alcohol/ Smoking/ Computer use/ others

GPE:
Vital signs:

Pulse —
BP —

Systemic examination:
a) CVS-
b) PA -

Hematological investigation:

FBS, PPBS, HbA1C

RR —
Temp —

c) RS -

d) CNS —
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OCULAR EXAMINATION

TESTS

1. HEAD POSTURE

2. OCULAR POSTURE
3. FACIAL SYMMETRY

4. EXTRAOCULAR
MOVEMENTS

a) Ductions

b) Versions

c) Vergence

5. VISUAL ACUITY:

a) Distant
b) Near

ANTERIOR SEGMENT

Conjunctiva
Cornea

Iris
Pupil
Lens

SQ Hhd oo o

Lids and Adnexa

Anterior chamber

Anterior Vitreous

7. FUNDUS

a. Indirect ophthalmoscopy
b. 90 D examination
c. B SCAN when indicated

d. Gonioscopy when indicated

Fundus
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Toronto clinical neuropathy scoring system:

A) Symptom scores:
Present=1; Absent= 0

Right

Left

1.Pain(Foot)

2.Numbness(foot)

3.Tingiling(foot)

4.Weakness(foot)

5.Ataxia

6.Upper limb symptoms

B) Sensory test scores:

(sensory testing on 1st toe)
Normal=0; Abnormal=1

1)Pinprick

2)Temp

3) Light Touch

4) Vibration

5)Position

C) Reflex scores:

Normal=0; Reduced=1;
Absent=2

Knee reflex

Ankle reflex

Total score

Severity: 0-5: No
neuropathy 6-8: Mild
neuropathy 9-11: Moderate
neuropathy 12+: Severe
neuropathy
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ANNEXURE-II

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND
RESEARCH, TAMAKA, KOLAR - 563101.

INFORMED CONSENT FORM

TITLE: STUDY OF THE CLINICAL CORRELATION BETWEEN DIABETIC
RETINOPATHY, DIABETIC NEUROPATHY AND GLYCATED HEMOGLOBIN LEVELS

I, the undersigned, agree to participate in this study and authorize the collection and
disclosure of personal information as outlined in this consent form.

I understand the purpose of this study, the risks and benefits of the technique and the
confidential nature of the information that will be collected and disclosed during the study.
The information collected will be used only for research.

| have had the opportunity to ask questions regarding the various aspects of this study and my
questions have been answered to my satisfaction.

| understand that | remain free to withdraw the participation from this study at any time and
this will not change the future care.

Participation in this study does not involve any extra cost to me.

Name Signature Date Time

Patient:

Witness:

Primary Investigator/ Doctor:
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ANNEXURE-III

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND
RESEARCH, TAMAKA, KOLAR - 563101.

PATIENT INFORMATION SHEET

This information is to help you understand the purpose of the study “ STUDY OF THE

CLINICAL CORRELATION BETWEEN DIABETIC RETINOPATHY, DIABETIC

NEUROPATHY AND GLYCATED HEMOGLOBIN LEVELS”. You are invited to take

part voluntarily in this research study, it is important that you read and understand the

purpose, procedure, benefits and discomforts of the study.

1. What is the purpose of this study?

To evaluate the interelation between diabetic retinopathy, neuropathy and glycated
hemoglobin levels.

2. What are the various investigations being used? Are there any associated risks?
Absolutely no risks are associated with various investigations involved in this study such
as Best Corrected Visual Acuity done with Snellen's chart, Slit lamp bio-microscopy and
dilated fundus examination, peripheral neuropathy examination, FBS, PPBS and HbAlc.

3. What is the benefit for me as a participant?

Participation in this research study may not change the final outcome of your eye
condition. However, patients in the future may benefit as a result of knowledge gained
from this study. You will not be charged extra for any of the procedures performed during
the research study. Your taking part in this study is entirely voluntary. You may refuse to
take part in the study or you may stop your participation in the study at any time, without
a penalty or loss of any benefits to which you were otherwise entitled before taking part
in this study.

CONFIDENTIALITY

Your medical information will be kept confidential by the study doctor and staff and will
not be made publicly available. Your original records may be reviewed by your doctor or

ethics review board. For further information/ clarification please contact

Dr Sri Archana.

post graduate student

Department of ophthalmology

SRI DEVARAJ URS MEDICAL ACADEMY
TAMAKA, KOLAR

Contact n0:9591343716.
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PHOTOGRAPH 2: RE-MODERATE NPDR PHOTOGRAPH 3: LE-ADED

PHOTOGRAPH 4: 90D Examination
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PHOTOGRAPH 5: EXAMINATION OF VIBRATION SENSATION
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KEY TO MASTER CHART

NPDR - Non Proliferative Diabetic Retinopathy
PDR - Proliferative Diabetic Retinopathy
ADED - Advanced Diabetic Eye Disease
CSME - Clinically Significant Macular Edema
1 - POSITIVE

0 - NEGATIVE
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MASTER CHART



PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
828038 63 F SEVERE NPDR SEVERE NPDR 256 263 9.5 1 T2 13
828671 55 F MOD NPDR+CSME MILD NPDR CSME 200 214 8.7 1 T2 5
850762 60 F V.SEVERE NPDR ADED 298 310 9.2 1 T2 9
822836 30 M ADED MOD NPDR 212 237 8.3 1 T1 11
830629 60 M MILD NPDR MILD NPDR 201 222 7.2 0 T2 3
698307 62 F SEVERE NPDR +CSME SEVERE NPDR CSME 198 213 8 0 T2 8
824865 80 M MOD NPDR MOD NPDR 160 168 6.9 0 T2 6
824165 70 M MILD NPDR MILD NPDR 132 142 6.2 0 T2 4
831461 72 F MILD NPDR MILD NPDR 129 136 5.5 0 T2 4
831463 60 F MILD NPDR MILD NPDR 142 132 5.9 0 T2 9
849987 55 F MODERATE NPDR MODERATE NPDR CSME 175 183 5.6 0 T2 15
836412 60 M MILD NPDR MILD NPDR 141 148 6.2 0 T2 10
833806 50 F MILD NPDR MILD NPDR 158 173 6.3 0 T2 3
506490 65 F MILD NPDR MILD NPDR 258 290 8 1 T2 10
830629 51 M MILD NPDR MILD NPDR 176 183 7 0 T2 6
830130 65 F MOD NPDR MOD NPDR 149 159 6.9 0 T2 8
830147 65 M SEVERE NPDR+CSME SEVER NPDR CSME 258 299 8.5 1 T2 15
827681 46 M MILD NPDR MILD NPDR 144 158 5.9 0 T2 7
845977 55 M MILD NPDR MILD NPDR 129 140 5.5 0 T2 4
848737 46 M MOD NPDR MOD NPDR 242 263 8.2 1 T2 12
847808 55 M MILD NPDR MILD NPDR 132 136 5.1 0 T2 7
852804 61 F MOD NPDR MOD NPDR CSME 202 280 6.4 0 T2 8
856389 55 F MILD NPDR MILD NPDR 156 188 5.8 0 T2 11
885432 60 M MOD NPDR MOD NPDR 440 234 11.6 0 T2 5
812074 55 F MILD NPDR MILD NPDR 285 334 13 0 T2 3




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
895200 47 F MILD NPDR MILD NPDR 156 188 11.1 0 T2 6
895204 74 M MOD NPDR MOD NPDR 98 170 8.8 1 T2 20
898328 67 M MOD NPDR MOD NPDR CSME 107 217 9.6 0 T2 3
898339 70 M MILD NPDR MILD NPDR 180 244 11 1 T2 15
856896 65 M MOD NPDR MOD NPDR 107 163 8.9 1 T2 12
893850 76 M SEVERE NPDR ADED 151 247 11.6 1 T2 6
873110 50 M MOD NPDR MOD NPDR 189 267 10.2 1 T2 9
901794 65 F MILD NPDR MILD NPDR 69 142 9.2 0 T2 10
886198 58 F MILD NPDR MILD NPDR 113 332 10.7 0 T2 2
901797 55 F MILD NPDR MILD NPDR 106 282 8.5 0 T2 3
901800 73 M MILD NPDR MILD NPDR 71 205 12 1 T2 5
858831 55 M MILD NPDR MILD NPDR 189 204 6.2 0 T2 6
820819 60 M MILD NPDR MOD NPDR 213 256 7.3 0 T2 6
859859 75 F MILD NPDR MILD NPDR 102 126 5.3 0 T2 6
860119 54 M MILD NPDR MILD NPDR 111 136 6.4 0 T2 9
860470 54 M ADED PDR 298 342 9.2 1 T2 11
860522 48 F MOD NPDR MOD NPDR CSME 168 204 7.5 0 T2 3
861422 63 F MILD NPDR MILD NPDR 118 209 6.7 0 T2 7
862784 65 M MILD NPDR MILD NPDR 165 232 6.5 0 T2 1
865218 71 M MILD NPDR MILD NPDR 122 163 5.7 0 T2 5
863659 65 M MILD NPDR MILD NPDR 136 195 6.1 0 T2 7
868881 49 M MILD NPDR MILD NPDR 179 203 5.9 0 T2 9
867474 56 M MILD NPDR MILD NPDR 206 213 6.2 0 T2 3
869849 55 F MILD NPDR MILD NPDR 183 205 5.9 0 T2 4
870384 66 M MILD NPDR MOD NPDR 211 256 6.4 0 T2 7




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
874926 22 F MILD NPDR MILD NPDR 146 280 5.4 0 T1 4
874537 71 F MILD NPDR MILD NPR 201 354 6.3 0 T2 9
881676 65 F MOD NPDR MOD NPDR 269 322 7 0 T2 7
874040 53 M MOD NPDR MOD NPDR 259 310 6.9 0 T2 6
877190 55 F ADED ADED 311 359 7.1 0 T2 11
876484 63 M MOD NPDR MOD NPDR 187 263 6.1 0 T2 7
876859 71 M MOD NPDR MOD NPDR CSME 214 261 6.9 0 T2 10
877031 68 F MILD NPDR MOD NPDR 98 105 5.1 0 T2 9
879001 68 M SEVERE NPDR SEVERE NPDR CSME 301 322 8.2 1 T2 11
886193 50 F MOD NPDR MOD NPDR 215 278 6.4 0 T2 4
891572 63 M MOD NPDR MOD NPDR 119 126 5.9 0 T2 7
896452 60 M MOD NPDR MOD NPDR 174 215 6.1 0 T2 9
881936 55 M MOD NPDR MOD NPDR 348 403 11.4 1 T2 19
902859 65 M MILD NPDR MILD NPDR 240 266 8.5 0 T2 6
873110 50 M MOD NPDR MOD NPDR CSME 313 298 9.1 1 T2 11
911010 55 F MILD NPDR MILD NPDR 176 198 6.4 0 T2 6
908309 45 M SEVERE NPDR SEVERE NPDR CSME 237 288 7.9 0 T2 4
911471 53 M PDR PDR 360 397 8.1 1 T2 10
908487 53 M PDR PDR 401 412 8.7 1 T2 13
907260 65 M MILD NPDR MILD NPDR 111 119 5.1 0 T2 7
906131 40 M MILD NPDR MILD NPDR+CSME CSME 138 143 6.3 0 T2 5
906698 45 F MODERATE NPDR MOD NPDR 146 168 6.8 0 T2 7
906173 68 M MOD NPDR MOD NPDR 188 192 6.6 0 T2 9
906587 59 M SEVERE NPDR +CSME SEVERE NPDR CSME CSME 213 222 7.2 0 T2 11
903842 64 F SEVERE NPDR+CSME SEVERE NPDR CSME CSME 254 263 7.5 0 T2 7




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
901842 63 M MILD NPDR MILD NPDR 117 123 5.7 0 T2 6
887081 65 MILD NPDR MILD NPDR 102 115 5.1 0 T2 4
881892 68 F MOD NPDR MOD NPDR CSME 131 145 6.2 0 T2 10
902795 54 M MILD NPDR MILD NPDR 127 135 6.9 0 T2 4
897906 60 M MOD NPDR MOD NPDR 149 187 5.9 0 T2 7
899202 66 F MILD NPDR MILD NPDR 122 134 5.2 0 T2 8
896895 85 M MOD NPDR MOD NPDR 203 211 7.1 0 T2 12
879001 60 M SEVERE NPDR SEVERE NPDR CSME 215 229 7 0 T2 8
896869 66 M MILD NPDR MILD NPDR 115 123 5.1 0 T2 4
896291 52 M MILD NPDR MILD NPDR 134 147 6 0 T2 6
896519 36 M SEVERE NPDR SEVERE NPDR 211 232 7.7 0 T2 5
668558 49 M PDR SEVERE NPDR CSME 342 345 8.7 0 T2 8
893986 65 M MILD NPDR MILD NPDR 101 113 5 0 T2 6
864271 64 F MOD NPDR MOD NPDR 139 157 6.8 0 T2 9
894847 54 F MILD NPDR MILD NPDR 119 124 5.8 0 T2 4
894818 71 M MILD NPDR MILD NPDR 126 132 6.1 0 T2 7
890073 60 M MILD NPDR MILD NPDR 107 116 5.4 0 T2 4
881807 48 M PDR PDR 312 354 8.6 0 T2 11
700605 77 M MOD NPDR MOD NPDR 259 301 7.7 0 T2 13
937161 70 M MOD NPDR MOD NPDR CSME 336 431 9 1 T2 8
929291 46 M MILD PDR HIGH RISK PDR 143 223 7.2 1 T2 5
927711 53 M SEVERE NPDR SEVERE NPDR 306 380 14.4 1 T2 10
911471 52 M MILD PDR MILD PDR 128 210 10 1 T1 30
942599 58 F PDR PDR 398 400 12 1 T2 12
941214 51 M SEVERE NPDR SEVERE NPDR CSME 212 275 8.1 0 T2 9




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
939906 55 M ADED MOD NPDR 352 407 11 1 T2 10
938102 88 MILD NPDR MILD NPDR 153 189 7.1 0 T2 20
938770 58 F MILD NPDR MILD NPDR 181 283 7.8 0 T2 10
934111 53 M ADED ADED 397 413 9.8 1 T2 18
939906 55 M ADED SEVERE NPDR 153 240 8.7 0 T2 10
941968 63 M MOD NPDR MOD NPDR 247 254 7.3 0 T2 7
921729 47 M ADED HIGH RISK PDR 308 310 9.3 0 T2 9
948745 38 F ADED ADED 274 277 13.7 1 T1 15
933386 46 M PDR SEVERE NPDR 153 240 7.7 0 T2 5
980112 60 F MILD NPDR MILD NPDR 197 86 5.1 0 T2 4
945009 60 M MOD NPDR MOD NPDR CSME 198 118 8.1 0 T2 7
941267 60 F MILD NPDR MILD NPDR 128 123 6.5 0 T2 3
977143 61 F MOD NPDR MOD NPDR 212 163 6.9 0 T2 6
943750 52 M MILD NPDR MILD NPDR 181 108 10.5 0 T2 2
943766 69 M MILD NPDR MILD NPDR 282 130 9.9 0 T2 2
943754 72 M MILD NPDR MILD NPDR 181 252 10.7 0 T2 7
943771 72 M MILD NPDR MILD NPDR 179 217 5.7 0 T2 3
930391 72 M MILD NPDR MILD NPDR 97 101 5.7 0 T2 1
814048 66 M MOD NPDR MOD NPDR CSME 126 149 5.5 0 T2 8
813983 50 F PDR PDR 278 283 8.3 0 T2 13
817830 49 M MOD NPDR MOD NPDR 218 225 7.9 0 T2 9
816148 52 M MILD NPDR MILD NPDR 146 154 6.9 0 T2 6
711982 39 M MOD NPDR MOD NPDR CSME 187 195 6.7 0 T2 8
812123 71 M MOD NPDR MOD NPDR CSME 176 198 5.9 0 T2 5
813893 53 F MOD NPDR MOD NPDR 212 219 7.7 0 T2 5




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C NEUROPATHY TYPE OF DM DURATION
802189 45 M ADED ADED 302 313 9.1 1 T2 11
803590 60 M MOD NPDR MOD NPDR 208 214 7.5 0 T2 6
802702 64 M MOD NPDR MOD NPDR 198 209 7.1 0 T2 9
577924 46 M MOD NPDR MOD NPDR 186 210 6.8 0 T2 9
793638 60 M SEVERE NPDR MOD NPDR CSME 231 245 7.9 0 T2 14
603421 63 F MILD NPDR MILD NPDR 121 132 7.5 0 T2 7
793523 74 M MOD NPDR MOD NPDR 201 211 7.7 0 T2 5
797761 37 F MOD NPDR ADED 318 331 8.9 1 T1 19
790423 54 M MOD NPDR MILD NPDR 148 154 5.8 0 T2 5
792665 62 M MOD NPDR MOD NPDR CSME 199 207 6.9 0 T2 7
787429 70 F MOD NPDR ADED 299 313 7.4 0 T2 11
788909 50 M MILD NPDR MILD NPDR 129 134 6.4 0 T2 6
787898 54 F MOD NPDR MOD NPDR CSME 221 234 7.3 0 T2 8
791795 48 M PDR PDR 412 403 9.7 1 T2 16
7877706 68 M MOD NPDR MOD NPDR CSME 165 189 6.5 0 T2 5
758566 70 M MILD NPDR MILD NPDR CSME 105 123 5.9 0 T2 7
786321 70 M MILD NPDR MILD NPDR CSME 189 213 6.1 0 T2 9
708498 60 F SEVERE NPDR SEVERE NPDR CSME 321 346 8.4 1 T2 14
762432 65 F MILD NPDR MILD NPDR 97 115 5.2 0 T2 9
948417 54 M MILD NPDR MILD NPDR 105 161 7 0 T2 4
948427 65 M MOD NPDR MOD NPDR CSME 132 158 7.8 0 T2 11
956717 61 F MILD NPDR MILD NPDR CSME 177 198 6.6 0 T2 8
967143 63 M MILD NPDR MILD NPDR 101 111 6.7 0 T2 10
948644 47 M MOD NPDR MOD NPDR CSME 113 139 5.8 0 T2 4
948338 45 M MOD NPDR MOD NPDR CSME 220 213 7.1 0 T2 12




PERIPHERAL

UHID AGE SEX RIGHT EYE LEFT EYE MACULA FBS PPBS HBA1C TYPE OF DM DURATION
NEUROPATHY
945507 62 M MILD NPDR MILD NPDR 177 198 5.9 0 T2 9
944967 50 F MILD NPDR MILD NPDR 103 111 6.1 0 T2 6
940421 53 M MOD NPDR MOD NPDR 201 212 5.4 0 T2 4
950236 61 m MOD NPDR MOD NPDR CSME 235 263 9.7 0 T2 5
950343 74 M MOD NPDR MOD NPDR CSME 338 357 10.2 1 T2 25
950920 55 ADED ADED 319 411 9.3 1 T2 17
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