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ABSTRACT

Background and objectives

Mean Platelet volume (MPV) being a determinant of platelet functionality.
Increased MPV levels are associated with increased risk for hyperglycemic
complications. The present study was aimed to find the relationship between
glycosylated hemoglobin (HbA1c) and MPV in patients with type 2 diabetes mellitus

(T2DM).

M ethodology

This one year hospital based cross sectional study was conducted in the
Department of General Medicine, KLES Dr. Prabhakar Kore Hospital and Medical
Research Centre, Belagavi from January 2017 to December 2017. A total of 100
patients presenting with T2DM, fulfilling the selection criteria were studied. The
selected patients evaluated for HbAlc, MPV, fasting blood sugar (FBS) and other

relevant tests.

Results

The male to female ratio was 1:1.04 and 51% of the patients were females.
The common age group was 51 to 60 years and 61 to 70 years (30% each). The mean
age was 55.83+10.84 years. The mean duration of diabetes was 5.94+5.03 years and
most of the patients (45%) reported duration of diabetes between one to five years.
Treatment with ora hypoglycaemic agents was reported by 43% of the patients.
Magjority of the patients (74%) reported good treatment compliance Most of the
patients had (61%) microvascular complications and abnormal fundoscopy was noted
in 81% of the patients and 55% of the patients had abnorma ECG findings. 48% of
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the patients had MPV levels between 7.01 to 9.00 fL and 42% of the patients had
MPV levels between 9.01 to 11.00 the mean MPV levels were noted as 9.08+1.20 fL.
HbA1c of <7.0 percent was noted in 23% of the patients and 77% of the patients had
HbA1c levels of > 7.00 percent. The mean HbAlc levels were noted as 9.86+3.02
percent. All the patients with MPV of > 11 had HbA1c levels of > 7 percent and all
the patients with MPV of < 7 had HbA1c levels of <7 percent. (p=0.002). The mean
MPV levels in patients with HbAlc levels of < 7 percent were significantly low
compared to those with HbA1c of >7 percent (8.33+1.09 fL vs 9.4+0.92; p<0.001).
There was significant weak positive correlation between MPV and HbA 1c (r=0.287;

R?=0.0823; p=0.004).
Conclusion and inter pretation

Based on the findings of this study it may be concluded that, There is strong
association and relationship between HbA1c and MPV in patients with type 2 diabetes

mellitus.
Keywords

Diabetes mellitus, Glycosylated haemoglobin; Mean platelet volume; Type 2 Diabetes

mellitus;
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INTRODUCTION

Diabetes mellitus (DM) refers to a group of common metabolic disorders that
share the phenotype of hyperglycemia. It results from defects in insulin secretion,
insulin action or both. The effect of diabetes mellitus include long term damage,
dysfunction and failure of various organs, eyes, kidneys, nerves and heart and blood
vessels. Several distinct types of DM are caused by complex interaction between
genetics and environmental factors. Depending on etiology of the DM factors
contributing to hyperglycemia include reduced insulin secretion, decreased glucose

utilization, and increased glucose production.*

Type 2 diabetes mellitus (T2DM) is a metabolic and endocrine disease
characterised by hyperglycemia associated with insulin resistance and/or defective
insulin secretion.? Type 2 Diabetes mellitus accounts for approximately 90-95% of all

diagnosed cases of diabetes.®

The prevalence of diabetes is rapidly rising al over the globe at an alarming
rate.” It is important to note that the rise in prevalence is seen in al six inhabited
continents of the globe.® Over the past 30 years, the status of diabetes has changed
from being considered as a mild disorder of the elderly to one of the mgor causes of
morbidity and mortality affecting the youth and middle aged people. Although thereis
an increase in the prevalence of type 1 diabetes also, the mgjor driver of the epidemic
is the more common form of diabetes, namely type 2 diabetes, which accounts for

more than 90% of all diabetes cases.®

The estimated number of diabetic patients worldwide was 171 million in 2000,

which is expected to increase to 366 million by 2030 and the percentage of diabetics
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living in developing countries is projected to increase from 74% in 2000 to 81% in
2030.>" Countries such as United Kingdom (UK), United States of America (USA),
Mauritius, Fiji, Malaysia, Singapore, South Africa and countries in the Gulf region of
the Middle East are home to a large diaspora of Asian Indian individuas, who have
been found to have a much higher prevalence of diabetes mellitus than the native
populations of the respective countries.”® The countries of the south Asian region,
such as Bangladesh, Pakistan, Sri Lanka and Nepal, also have large numbers of

individuals with diabetes mellitus.2**2

Asian Indian people, which we broadly define as individuals originating from
the Indian sub continent (the countries of India, Pakistan, Bangladesh, Sri Lanka,
Afghanistan, Nepal, Bhutan and the Maldives) constitute >17% of the world’s
population and also have a specific phenotype, characterized by high levels of intra-
abdominal fat and insulin resistance in spite of alow BMI, which predisposes them to

T2DM and premature coronary heart disease.*>*

India is one of the epicentres of the global diabetes mellitus epidemic and has
the second highest number of people with the disease in the world (~69 million

individuals as of 2015).**

Diabetes mellitus leads to impaired metabolism of carbohydrates, proteins,
fats, water and electrolytes. The persistence of these metabolic disturbances lead to
permanent and irreversible functional and structural changes in the cells of the body
which in turn lead to the development of “diabetic complications™, characteristically

affecting the cardiovascular system, eye, kidney and nervous system mainly.*®

Diabetes mellitus is associated with accelerated atherosclerosis leading to

coronary, cerebrovascular, retina and periphera arterial diseases. Platelet activation
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plays a key role in the initiation and progression of atherothrombosis™"*® and platelet
activation and aggregation together play a fundamenta role in thrombotic
complications associated with type 2 DM.'"*® Hyperglycemia plays an independent
and important role in the prothrombotic state associated with DM.*"?*?! |nduction of
hyperglycemia and hyper-insulinemia in healthy subjects without diabetes has been
seen to increase platelet reactivity.'"? Consistent with this observation, well-

controlled DM has been associated with decreased platelet reactivity.'”*

Although there are severa measurements to show the platelet activity (platel et
aggregometry, platelet surface p-selectin, platelet surface-activated glycoprotein
lb/llla, platelet function anayzer-100, serum thromboxane B2, and urinary 11-
dehydro-thromboxane B2), amost all of these measurements are time-consuming,
expensive or they require special training.”*?° Mean platelet volume (MPV) is an
aternative marker for platelet activity. It can be determined on routine automated
hemograms as part of the whole blood count, with a relatively low cost.”*® Higher
MPV vauesindicate larger platelets, which are metabolically and enzymatically more

active, with a greater prothrombotic potential. 2

Increase in MPV has been recognized in patients with the metabolic
syndrome, stroke and DM.*"*! Moreover, studies have shown that increased MPV is
one of the risk factors for myocardia infarction, cerebral ischemia and transient
ischemic attacks.'”* Furthermore, a significant association between poor glycemic

control and increased platelet activity in patients with T2DM has been reported.’

Hemoglobin Alc (HbA1c), which indicates glucose tolerance and glucose
regulation in diabetes, is a marker formed by slow and non-enzymatic glycosylation

of hemoglobin. Additionaly, it shows glycemic control in people with diabetes and is
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closely associated with the risk of developing DM complications.**** Epidemiologic
studies in type-2 diabetes have shown that higher glucose levels, as determined by
HbA1c are associated with increased risk of diabetic retinopathy, nephropathy, and
neuropathy.®** Guidelines suggest a target < HbAlc 6.5% (American Association of
Clinical Endocrinologists) or <7.0% (American Diabetes Association) for patients

with short diabetes duration, long life expectancy and at low hypoglycemia risk.33%3

However, the studies reporting association between HbAlc and MPV are
limited especialy in Indian settings. Hence there is an increased need for finding the
relationship between MPV and glycosylated hemoglobin (HbA1c) since some studies
have not shown any correlation between the two. This prompted us to evaluate the
relationship between HbAlc and mean platelet volume in patients with type 2

diabetes mdlitus.
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OBJECTIVE

The objectives of this study were to study the relationship between

glycosylated hemoglobin and mean platelet volume in patients with type 2 diabetes

mellitus.
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Review Of Literature

REVIEW OF LITERATURE

DIABETESMELLITUS

Diabetes méllitus is defined by a group of common metabolic disorders that
share the phenotype of hyperglycemia. Various types of diabetes mellitus exist and
are caused by a complex interaction of genetics, environmenta factors, and different
lifestyles. The factors that contribute to hyperglycemia include reduced insulin
secretion, decreased glucose utilization, and increased glucose production. The
metabolic dysregulation associated with diabetes mellitus causes secondary
pathophysiologic changes in multiple organ systems. Diabetes mellitusis the leading
cause of end-stage renal disease (ESRD), non-traumatic lower extremity amputation
and adult blindness. With an increasing incidence worldwide, diabetes mellitus will

be aleading cause of morbidity and mortality in the future.*

ETIOLOGIC CLASSIFICATION OF DIABETESMELLITUS!

|. Type 1l diabetes (T1DM) (Absolute insulin deficiency resulting from beta cell
destruction)
A. Immune-mediated
B. ldiopathic
[1. Type 2 diabetes (may have predominant insulin resistance with relative insulin
deficiency or predominant insulin secretory defect with insulin resistance)
[11. Other specific types of diabetes
A. Genetic defects of beta cell development or function characterized by
mutationsin:

1. Hepatocyte nuclear transcription actor (HNF) 4a - M
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2. Glucokinase - Maturity onset diabetes of the young (MODY) 2

3. HNF-1a- MODY 3

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

5. HNF-1p - MODY 5

6. NeuroD1- MODY 6

7. Mitochondrial DNA

8. Subunits of ATP-sensitive potassium channel

9. Proinsulinor insulin

10. Other pancreatic islet regulators/proteins such as KLF11, PAX4, BLK,
GATA4, GATAG, RFX6, GLIS3, SLC2A2 (GLUT?2).

. Genetic defectsin insulin action

1. TypeA insulin resistance

2. Leprechaunism

3. Robson-Mendenhall syndrome

4. Lipodystrophy syndromes

. Diseases of Exocrine Pancreas—Pancredtitis, pancreatectomy, neoplasia,

Fibrocalculous pancreatopathy, cystic fibrosis, hemochromatosis,

mutations in carboxyl ester lipase.

. Endocrinopathies — Acromegaly, Cushing’s syndrome, Glucagonoma,

Pheochromocytoma, Somatostatinoma, Hyperthyroidism, Aldosteronoma.

. Drug or chemical induced—Glucocorticoids, vacor (a rodenticide),

pentamidine, nicotinic acid, diazoxide, B-adrenergic agonists, thiazides,

calcineurin and mTOR inhibitors, hydantoins, asparaginase, a-intereron,

protease inhibitors, antipsychotics (atypicals and others), epinephrine

. Infections—Congenital rubella, cytomegalovirus, coxsackievirus.
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G. Uncommon forms of immune-mediated diabetes -stiff-person” syndrome,

anti- insulin receptor antibodies.

H. Genetic syndromes sometimes associated with diabetes—Wolfram’s

syndrome, Down’s syndrome, Klinefelter’s syndrome, Turner’s syndrome,

Friedreich’s ataxia, Huntington’s chorea, Laurence-Moon-Biedl syndrome,

myotonic dystrophy, porphyria, Prader - Willi syndrome.

V. Gestational Diabetes Mdllitus

Spectrum of glucose homeostasis and diabetes mellitus'

Type of Normal Hyperglycemia
diabetes glucose Pre Diabetes Diabetes mellitus
toleran
ce Impaired | Not insulin Insulin Insulin
fasting required required
glucose or for control for
impaired survival
glucose
tolerance
Typel >
Type?2 < >
Other Specific == —
types
Gestational — .
diabetes
Time (years) >
FPG (mg/dL) <110 110-125 > 126
2-HPG (mg/dL) | <140 140 - 199 =200

Type 1 diabetes (T1IDM) and T2DM are heterogeneous diseases in which

clinical presentation and disease progression may vary considerably. Classification is

important for determining therapy, but some individuals cannot be clearly classified

as having type 1 or type 2 diabetes at the time of diagnosis. The traditional paradigms
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of type 2 diabetes occurring only in adults and type 1 diabetes only in children are no
longer accurate, as both diseases occur in both age-groups. Children with type 1
diabetes typicaly present with the hallmark symptoms of polyuria/polydipsia, and
approximately one-third present with diabetic ketoacidosis (DKA). The onset of type
1 diabetes may be more variable in adults, and they may not present with the classic
symptoms seen in children. Occasionally, patients with type 2 diabetes may present
with DKA, particularly ethnic minorities. Although difficulties in distinguishing
diabetes type may occur in all age-groups at onset, the true diagnosis becomes more
obvious over time. In both type 1 and type 2 diabetes, various genetic and
environmental factors can result in the progressive loss of b-cell mass and/or function
that manifests clinically as hyperglycemia. Once hyperglycemia occurs, patients with
al forms of diabetes are at risk for developing the same chronic complications,
although rates of progresson may differ. The identification of individualized
therapies for diabetes in the future will require better characterization of the many
paths to b-cell demise or dysfunction. Characterization of the underlying
pathophysiology is more developed in type 1 diabetes than in type 2 diabetes. It is
now clear from studies of first-degree relatives of patients with type 1 diabetes that the
persistent presence of two or more autoantibodies is an amost certain predictor of
clinical hyperglycemia and diabetes. The rate of progression is dependent on the age
at first detection of antibody, number of antibodies, antibody specificity, and antibody
titer. Glucose and A1C levels rise well before the clinical onset of diabetes, making
diagnosis feasible well before the onset of DKA. Three distinct stages of type 1
diabetes can be identified and serve as aframework for future research and regulatory
decision-making. The paths to b-cell demise and dysfunction are less well defined in

type 2 diabetes, but deficient b-cell insulin secretion, frequently in the setting of
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insulin resistance, appears to be the common denominator. Characterization of
subtypes of this heterogeneous disorder have been developed and validated in
Scandinavian and Northern European populations but have not been confirmed in

other ethnic and racial groups.

Type 2 diabetes is primarily associated with insulin secretory defects related
to inflammation and metabolic stress among other contributors, including genetic
factors. Future classification schemes for diabetes will likely focus on the
pathophysiology of the underlying b-cell dysfunction and the stage of disease as

indicated by glucose status (normal, impaired, or diabetes).*®
TYPE 2DIABETESMELLITUS

This form of diabetes, accounts for ~90-95% of those with diabetes, and
encompasses those individuals, who have insulin resistance and thus have relative

(rather than absolute) insulin deficiency.*

There are probably many different causes of this form of diabetes. Specific
etiologies are not identified. Most patients with type-2 diabetes mellitus are obese,
and obesity itself causes some degree of insulin resistance. This form of diabetes
frequently goes undiagnosed for many years, as the hyperglycemia develops
gradually. Nevertheless, such patients are at increased risk of developing
macrovascular and microvascular complications. The risk of developing type 2
diabetes increases with age, obesity, and lack of physical activity. It occurs more
frequently in women with prior GDM (Gestational diabetes mellitus),*® and
individuals with hypertension or dyslipidemia. It is often associated with a strong

genetic predisposition, more so than type 1 diabetes mellitus.*
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Epidemiology
Worldwide

Type 2 diabetes mellitus (T2DM) ranks highly on the international health
agenda as a global pandemic and as a threat to human health and global economies.*
The number of people with T2DM worldwide has more than doubled during the past
20 years.*** According to the International Diabetes Federation, 415 million people
are living with T2DM in 2015, and by 2040 the number will be amost 642
million.®*" These estimates correspond to a global prevalence of 8.8% (95%
confidence interval, 7.2-11.4%) in 2015, and a projected global prevalence of 10.4%

(95% confidence interval, 8.5-13.5%) in 2040.>*

The first World Health Organization (WHO) global report on diabetes
demonstrates that the number of adults living with diabetes has ailmost quadrupled
since 1980 to 422 million adults™* Global age-standardized adult diabetes
prevaence was 9.8% among men and 9.2% among women in 2008, up from 8.3% and
7.5% in 1980."*% Diabetes has become one of the leading causes of premature illness
and deaths in most countries, mainly through the increased risk of cardiovascular
disease which is responsible for over 50% of deaths in persons with diabetes,*
Although diabetes is sometimes considered the magjor concern for developed nations,
the loss of life from premature death among persons with diabetes is greatest in
developing countries. Nearly 80% of the total adult diabetics are in low- or middle-

income countries.*>#
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Recent data suggests that, Globally, about 1 in 11 adults have diabetes mellitus
(90% have type 2 diabetes mellitus (T2DM)), and Asia is the epicentre of this global

T2DM epidemic.*’

According to National Diabetes Statistics Report, 2017 on Estimates of
Diabetes and Its Burden in the United States estimated that, 30.3 million people have

diabetes that 9.4% of the United States (U.S.) population.®

The prevalence of diabetes for al age-groups worldwide was estimated to be
2.8% in 2000 and 4.4% in 2030. There are 382 million people living with diabetes
worldwide. The worldwide prevalence of diabetes in adults (aged 20-79 years) was
estimated to be 135, 285 million in 1995 and 2010 respectively and is expected 300

million in 2025 and 439 million in 2030.>%

Sex predilection

The prevalence of diabetes is higher in men than women.***

Mortality

In 2012, it resulted in 1.5 million deaths worldwide making it the 8th leading
cause of death and more than 80% of diabetic deaths occurring in low and middle-
income countries. More than 21 million live births were affected by diabetes during

pregnancy and > 79,000 children developed type 1 diabetes in 2013.49>°

Indian scenario

According to The International Diabetes Federation (IDF) estimation, India
will have increase in people living with diabetes up to 87.0 million by 2030 from 50.8

million (2010), making it the 'Diabetes Capital' of the world.**>®
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Recent estimates by IDF ranks India as one of the six countries of the IDF
South East Asia (SEA) region. India stands at the second position after China, with
over 72.946.400 cases of diabetes in India in 2017.%° With prevalence of 8.8%. The

WHO estimated every 26 per 100,000 persons die due to diabetes in India.*
Risk factorsfor Type 2 Diabetes Mellitus™®

Family history of diabetes (i.e. Parent or sibling with type 2 diabetes)

Obesity (BMI=25 kg/m2)

Habitual physical inactivity

Race/ethnicity (e.g. African, American, Hispanic American, Native American,
Asian American, Pacific Islander)

Previoudly identified impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT)

History of GDM or delivery of baby > 4kg

Hypertension (Blood pressure= 140/90 mmHQ)

High density lipoprotein (HDL) cholesterol level < 35mg/dL (0.90mmol/L)
and/ or atriglyceride level = 250mg/dL (2.82 mol/L)

Polycystic ovary syndrome or Acanthosis nigricans.

History of vascular disease.
Symptoms

Symptoms are similar in both types of diabetes but vary in their intensity.
Symptoms develop more rapidly in type 1 diabetes. The symptoms of diabetes include
polyuria, polydipsia, polyphagia, weight loss, fatigue. People with diabetes have an

increased risk of developing a number of serious health problems.*
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Pathophysiology

Hyperglycemia results from lack of endogenous insulin, the deficiency of
which, is either absolute, as in type 1 diabetes mellitus, or relative as in type 2
diabetes mellitus. Relative insulin deficiency usually occurs because of resistance to
the actions of insulin in muscle, fat, and the liver and an inadequate response by the
pancreatic beta cell. Insulin resistance has been attributed to elevated levels of free
fatty acids in plasma,®* and can lead to decreased glucose transport in muscle, elevated
hepatic gluconeogenesis, and increased fat breakdown.

Presumably, the defects of type 2 diabetes mellitus occur when a sedentary
lifestyle is superimposed on a susceptible genotype. The body mass index at which
the risk for diabetes increases varies with different racial groups. For example,
compared with persons of European ancestry, persons of Asian ancestry are at
increased risk for diabetes at lower levels of being overweight.®* A simplified scheme
for the pathophysiology of abnormal glucose metabolism in type 2 diabetes mellitusis

depicted in the image bel ow.

i ‘ Carbchydrate ‘

i Y i

BLOOD GLUCOSE
/ ?

Increased hepatic
glucoss production

a Decreased insulin
secretion

\

Decreased peiiphe ral
glucose uptake

!
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Figure 1. Pathophysiology of type 2 diabetes mellitus®

Hyperglycemia is known to be a maor determinant of microvascular and
metabolic complications. However, glycemia has a lesser effect on the macrovascular
complications. Insulin resistance with associated abnormalities in lipid metabolism
(i.e, smal dense low-density lipoprotein [LDL] particles, low high-density
lipoprotein-cholesterol [HDL-C] levels, elevated triglyceride-rich remnant
lipoproteins) and prothrombotic states (ie, elevated type-1 plasminogen activator
inhibitor [PAI-1], elevated fibrinogen), as well as the conventional atherosclerotic risk
factors (e.g., family history, smoking, hypertension, elevated low-density lipoprotein-

cholesterol [LDL-C], low HDL-C), determine cardiovascular risk.®®
Diagnosis®

Diabetes may be diagnosed based on plasma glucose criteria, either the fasting
plasma glucose (FPG) or the 2-h plasma glucose (2-h PG) value during a 75-g ora

glucose tolerance test (OGTT), or A1C criteria as below.
Criteriafor the diagnosis of diabetes

FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at
least 8 h.*

OR
2-h PG =200 mg/dL (11.1 mmol/L) during OGTT. The test should be
performed as described by the WHO, using a glucose load containing the
equivalent of 75-g anhydrous glucose dissolved in water.*

OR
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A1C 26.5% (48 mmol/mol). The test should be performed in a laboratory
using a method that is National Glycohemoglobin Standardization Program
(NGSP) certified and standardized to the DCCT assay.*

OR
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis,

arandom plasma glucose more than 200 mg/dL (11.1 mmol/L).

*1n the absence of unequivocal hyperglycemia, results should be confirmed by repeat

testing.

Generdly, FPG, 2-h PG during 75-g OGTT, and A1C are equally appropriate
for diagnostic testing. It should be noted that the tests do not necessarily detect
diabetes in the same individuals. The efficacy of interventions for primary prevention
of type 2 diabetes has primarily been demonstrated among individuas who have
impaired glucose tolerance (IGT) with or without elevated fasting glucose, not for
individuals with isolated impaired fasting glucose (IFG) or for those with prediabetes
defined by A1C criteria. The same tests may be used to screen for and diagnose
diabetes and to detect individuals with prediabetes. Diabetes may be identified
anywhere along the spectrum of clinical scenarios: in seemingly low-risk individuals
who happen to have glucose testing, in individuals tested based on diabetes risk

assessment and in symptomatic patients.

Fasting and 2-Hour Plasma Glucose may be used to diagnose diabetes. The
concordance between the FPG and 2-h PG tests is imperfect. Numerous studies have
confirmed that compared with FPG and A1C cut points, the 2-h Post Glucose value

diagnoses more people with diabetes.*®
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Glycosylated Hemoglobin (HbA1c)

Analysis of glycated hemoglobin (HbA1c) in blood provides evidence about
an individual’s average blood glucose levels during the previous two to three months,
which is the predicted half-life of red blood cells (RBCs). The HbA1c is now
recommended as a standard of care (SOC) for testing and monitoring diabetes,

specificaly the type 2 diabetes.**

Historically, HbAlc was first isolated by Huisman et a.®® in 1958 and
characterized by Bookchin and Gallop® in 1968, as a glycoprotein. The elevated
levels of HbA1c in diabetic patients were reported by Rahbar et a.®” in 1969. Bunn et
al.®® identified the pathway leading to the formation of HbAlc in 1975. Using the
HbA1c as a biomarker for monitoring the levels of glucose among diabetic patients

was first proposed by Koenig et a.* in 1976.

The ADA has recently recommended HbAlc with a cut-point = 6.5% for
diagnosing diabetes as an aternative to fasting plasma glucose (FPG =7.0 mmol/L)-

based criteria.”® The levels of HbA1c are strongly correlated with FPG.™

FPG, 2-hour post-glucose load plasma glucose, and ora glucose tolerance
tests are recommended for the diagnosis of diabetes only if HbA1c testing is not
possible due to unavailability of the assay, patient factors that preclude its

interpretation, and during pregnancy.®*"

HbA1c provides a reliable measure of chronic glycemia and correlates well
with the risk of long-term diabetes complications, so that it is currently considered the
test of choice for monitoring and chronic management of diabetes. However, the cut-

point of HbAlc from the diagnostic point of view is still controversia. Among

Page 17



Review Of Literature

diabetics, the blood glucose levels increase in the blood and the glucose attaches to
the hemoglobin molecule in a concentration-dependent manner. The glucose-bound
(glycated) hemoglobin or HbAlc provides the average glucose levels in an
individual’s blood as it becomes glycated with the hemoglobin. It is important to note
that the HbA1c levels are directly proportional to the blood glucose levels. A simple
blood glucose test such as a fasting glucose test (FGT) is a measure of glucose

concentration present in an individual’s blood at a given point of time.”®

The FGT is an excellent test for “in the moment” glucose levels, but it does
not provide detailed information about the time course trend of the glucose levels. The
HbA1c test, however, is a marker of the average glucose levels spread over atwo- to
three-month period. Contrary to popular belief, along with the type 2 diabetes, the

HbA1c is also used to diagnose, manage, and monitor the type 1 diabetes as well.™

In a series of 12,785 male diabetic patients, Khan et al.” have shown that the
HbA 1c cut-point of 6.5% was associated with 3.78% fal se-negative predictions, while
majority of the false-negative patients had borderline FPG (7.0-8.0 mmol/L) and
HbA1c (6.0%-6.5%), and therefore belonged to at-risk category on the basis of
HbA1c aone criteria. These findings suggest that the status of individuals with
HbA1c between 6.0% and 6.5% should be verified by combined FPG and HbAlc

criteria.

Recently, Khan e a.” have provided regresson equations for
interconversions between the levels of FGT and HbA1c for predicting their expected

valuesin diabetic patients.

The HbA1c levels differ for different diabetes patients, depending on their

history of diabetes and whether they are on tablets or long-term and/or short-term
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insulin dosage. Type 2 diabetes mellitus (DM) manifests itself in terms of
hyperglycemia due to compromised insulin production (no production or
unavailability). The significance of the HbA1lc test lies in the diagnosis and the
prognosis of the diabetes patients, which lendsit to a detailed understanding of insulin
and insulin resistance. There is a direct correlation between HbAlc and insulin
resistance, where HbA1c has been shown to be more strongly associated with the
insulin sensitivity in healthy subjects with normal glucose tolerance. The HbA1c test
has revealed minimal overlap in values between normal glucose tolerance in subjects
with type 2 diabetes while comparing the glycemic spectrum for insulin resistance. As
aresult, HbAlc is areliable biomarker and an excellent indicator of insulin resistance

for testing individuals for diabetes and prediabetes.®*

Kwon et a.”” evaluated the clinical usefulness of HbAlc in diagnosing
gestational diabetes mellitus (GDM) and predicting the risk of future type 2 DM
development among GDM patients. HbA1c showed high sensitivity with relatively
low specificity for diagnosis of GDM in pregnant women but was a potential
predictor of postpartum DM. The prognostic value of HbA1c for postpartum DM was
evaluated by recelver-operating characteristic curve anaysis, with a sensitivity of

78.6% and a specificity of 72.5% at a cut-off value of 5.55%.

HbA1c is not only a useful biomarker of long-term glycemic control but also a
good predictor of lipid profile; thus, monitoring of glycemic control using HbAlc
could have additional benefits of identifying diabetes patients who are at a greater risk
of cardiovascular complications.®® Thus, a single HbAlc test provides valuable

information that can be used for the management of chronic diseases.**
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In a series of 1,011 type 2 diabetic patients,”> HbAlc exhibited direct
correlations with cholesterol, triglycerides, and low density lipoprotein cholesterol
and inverse correlation with high-density lipoprotein cholesterol. There was a linear
relationship between HbA1c and dyslipidemia as the levels of serum cholesterol and
triglycerides were significantly higher and that of high-density lipo-protein
cholesterol were significantly lower in patients with worse glycemic control as

compared to patients with good glycemic control.”™

Recommendations by ADA 2018 for HbA1c*®

To avoid misdiagnosis or missed diagnosis, the A1C test should be performed
using a method that is certified by the NGSP and standardized to the Diabetes

Control and Complications Trial (DCCT) assay.

Marked discordance between measured A1C and plasma glucose levels should
raise the possibility of A1C assay interference due to hemoglobin variants (i.e.,
hemogl obinopathies) and consideration of using an assay without interference or

plasma blood glucose criteria to diagnose diabetes.

In conditions associated with increased red blood cell turnover, such as sickle
cell disease, pregnancy (second and third trimesters), hemodialysis, recent blood
loss or transfusion and erythropoietin therapy monitoring of only plasma blood

glucose criteriato be used to diagnose diabetes.

The A1C test should be performed using a method that is certified by the
NGSP and standardized or traceable to the Diabetes Control and Complications Trial
(DCCT) reference assay. Although point-of-care A1C assays may be NGSP certified,

proficiency testing is not mandated for performing the test, so use of point-of-care
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assays for diagnostic purposes is not recommended but may be considered in the
future if proficiency testing is performed, documented, and deemed acceptable. The
A1C has severa advantages compared with the FPG and OGTT, including greater
convenience (fasting not required), greater preanaytical stability, and less day-to-day
perturbations during stress and illness. However, these advantages may be limited by
the lower sensitivity of A1C a the designated cut point, greater cost, limited
availability of A1C testing in certain regions of the developing world, and the
imperfect correlation between A1C and average glucose in certain individuals.
National Health and Nutrition Examination Survey (NHANES) data indicate that an
A1C cut point of 6.5% (48 mmol/mol) identifies a prevalence of undiagnosed diabetes
that is one-third of that using glucose criteria. When using A1C to diagnose diabetes,
it is important to recognize that A1C is an indirect measure of average blood glucose
levels and to take other factors into consideration that may impact hemoglobin
glycation independently of glycemia including age, race/ethnicity, and anemia/

hemoglobinopathies.®®

Age

The epidemiological studies that formed the basis for recommending A1C to
diagnose diabetes included only adult populations. Therefore, it remains unclear
whether A1C and the same A1C cut point should be used to diagnose diabetes in

children and adolescents.*®

Race/Ethni city/Hemogl obinopathies

Hemoglobin variants can interfere with the measurement of A1C, although
most assays in use in the U.S. are unaffected by the most common variants. Marked

discrepancies between measured A1C and plasma glucose levels should prompt
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consideration that the A1C assay may not be reliable for that individual. For patients
with a hemoglobin variant but normal red blood cell turnover, such as those with the
sickle cell trait, an A1C assay without interference from hemoglobin variants should
be used. African Americans heterozygous for the common hemoglobin variant HbS
may have, for any given level of mean glycemia, lower A1C by about 0.3% than those
without the trait. Another genetic variant, X-linked glucose-6-phosphate
dehydrogenase G202A, carried by 11% of African Americans, was associated with a
decrease in A1C of about 0.8% in hemizygous men and 0.7% in homozygous women
compared with those without the variant. Even in the absence of hemoglobin variants,
A1C levels may vary with race/ ethnicity independently of glycemia. For example,
African Americans may have higher A1C levels than non Hispanic whites with
similar fasting and post glucose load glucose levels, and A1C levels may be higher for
a given mean glucose concentration when measured with continuous glucose
monitoring. Though conflicting data exists, African Americans may also have higher
levels of fructosamine and glycated albumin and lower levels of 1,5-anhydroglucitol,
suggesting that their glycemic burden (particularly post prandialy) may be higher.
The association of A1C with risk for complications appears to be similar in African

Americans and non-Hispanic whites.*®

Red Blood Cell Turnover

In conditions associated with increased red blood cell turnover, such as sickle
cell disease, pregnancy (second and third trimesters), hemodialysis, recent blood loss
or transfusion and erythropoietin therapy, only plasma blood glucose criteria should

be used to diagnose diabetes.*®
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Confirming the Diagnosis unless there is a clear clinical diagnosis (e.g.,
patient in a hyperglycemic crisis or with classic symptoms of hyperglycemia and a
random plasma glucose =200 mg/dL [11.1 mmol/L]), a second test is required for
confirmation. It is recommended that the same test be repeated or a different test be
performed without delay using a new blood sample for confirmation. For example, if
the A1C is 7.0% (53mmol/mol) and a repeat result is 6.8% (51 mmol/mal), the
diagnosis of diabetes is confirmed. If two such tests (such as A1C and FPG) are both
above the diagnostic threshold, this also confirms the diagnosis. On the other hand, if
a patient has discordant results from two different tests, then the test result that is
above the diagnostic cut point should be repeated, with consideration of the
possibility of A1C assay interference. The diagnosis is made on the basis of the
confirmed test. For example, if a patient meets the diabetes criterion of the A1C (two
results 6.5% [48 mmol/mol]) but not FPG (<126mg/dL [7.0 mmol/L]), that person

should nevertheless be considered to have diabetes.®

Since al the tests have pre-analytic and analytic variability, it is possible that
an abnormal result (i.e., above the diagnostic threshold) when repeated, will produce a
value below the diagnostic cut point. This scenario is likely for FPG and 2-h PG if the
glucose samples remain at room temperature and are not centrifuged promptly. It is
pivotal that samples for plasma glucose be spun and separated immediately after they
are drawn. If patients results are inconclusive, the healthcare professional should

follow the patient closely and repeat the test in 3-6 months.*®
Complications

Uncontrolled diabetes can lead to an increased risk of heart disease,

hypertension, stroke, neuropathy, renal failure, gum disease, blindness, foot and leg
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infections, sexua dysfunctions, pregnancy complications. It can also lead to acute
biochemical imbalances that cause life-threatening complications, such as diabetes

ketoacidosis and hyperosmolar coma.**"®"
Acute complications'

o Diabetic ketoacidosis

0 Hyperglycemic Hyperosmolar state

0 Hypoglycemia

Chronic Complications %%

The chronic complications of DM affect many organ systems and those may

be responsible for the majority of morbidity and/or mortality associated with the

disease.
Microvascular
Complications
A\ 4 A 4 \ 4
Eye Disease Neuropathy Nephropathy
A 4
Retinopathy
[Non-
Proliferative/ - Sensory and
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Macular and Poly]
oedema - Autonomic

Figure 2. Microvascular complications seen in diabetes mellitus
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Figure 3. Macrovascular complications seen in diabetes mellitus
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The key role of Platelet is well known and studied in both physiological and

clinical point of view in presumption of numerous aberrances. Moreover, it is the

most indispensable and constitutional component of blood whose participation and

activity is needed for the normal regulation of human physiology. The building
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mechanism of haemostatic plug at the site of injury is a quite interesting phenomenon,
executed by these small platelets to stop blood shedding. Considering this event of
bleeding arrestment, severa works have been put forwarded to demonstrate the role
of platelets and platelet related parameters. Platelet count and Mean Platelet Volume
(MPV) are found to be the most significant and extraordinary components of blood in
assumption of various atypica facets interlinked with these hematological indices. A
number of platelet defects have been recognized by many researchers to expose the
various atherosclerotic complications arising due to increased platelet activity. Apart
from the size and morphology of platelet, the receptors provided on its surface
unlocks many mysteries behind the diseases that can be categorized as; immune
deficiencies, inborn and acquired anomalies. Hence, it provides information in
correlating both the genotypic and phenotypic constitutions of an individual,

associated with variable bleeding abnormalities.®’

Human physiology is crucialy driven by the extraordinary role of platelet.®
These multifunctional anucleated tiny cells are 2 to 4 um in diameter and 0.5 to 1.0
pm in thickness. In normal healthy conditions, platelet count in periphera blood
ranges from 1.5 lakhs to 4.5 lakhs per microliter. The precursor cells of platelets
known as Megakaryocytes, originated from hematopoietic stem cells and undergo
successive commitment steps to produce circulating platelets. The inducer in
development of Megakaryocyte is thrombopoietin, also called hematopoietic growth
factor which drives the production of platelet and act as a primary growth regulator.
The arrestment of blood flow at the site of damage and building of haemostatic plug,
incorporates a set of different physiological events, performed by these platelets. The
procedure of thrombus formation includes adherence of platelet to the damaged

endothelium, expansion and degranulation of containments. Degranulation recruits
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several other micro particles and procoagulants which enable huge platelet
aggregation to stop bleeding. Hence, any maformation or functional break down in
platelet conclusively affects hemostasis and maximizes the risk of bleeding. Instead, a
pronounced rise in platelet count and activity evokes inappropriate thrombus
formation, consequences several atherosclerotic conditions. In platelet related
aberrances, another essentially prominent hematologic parameter is the size of the
platelet.’” Mean platelet volume (MPV) elucidates the average dimension of the
platelets, ranges from 7.0-11.0 fl in apparently healthy individuals.®® An elevated
value for MPV results into uneventful platelet aggregation, as the surface of platelet is
provided with receptors for numerous adhesive molecules. Hence, in determination of
various micro and macro vascular complications, this MPV works as an indicator,

uncovering wide range of platelet activity.®

The etiological perspective behind the quantitative defect in platelet may
either be acquired or inheritable. Along with low platelet count, the value for MPV
aso deviates in different level of hemorrhagic incidents in severe to mild
thrombocytopenia. It has already stated that larger platelets display more receptors on

their surface and hence turned as more functional and reactive.’

A study revealed that, patients affected with severe thrombocytopenia, suffers
recurrent hemorrhagic episodes accompanied with a high MPV value.®® However, this
provision is not so intense for those having mild or lower thrombocytopenic
conditions. High value for MPV is also discovered and radically perceived in patients
with Diabetes mellitus Type 2 and in patients with paroxysmal atria fibrillation

(PAF). Thus it acts as marker in suspecting both these two diseased conditions.
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Atypical platelet count and its activity are also influenced by some transmissible

disorders.?’

Platelet count and Mean Platelet volume (MPV) are the utmost remarkable
hematological indices, well noticed in a series of clinical evaluations that
proportionately influences the bleeding physiology of human body. They also provide
knowledge related to both acquired and congenital defects and the mutation patterns
that co-associate various other diseases and sometimes coexist heterogenetically in
clinica manifestations. Hence, in assessment of various symptomatic and
asymptomatic features, platelet indices serve as an extraordinary mean, as well as
marker in understanding and diagnosing the abnormality. Even so, this area of
hematology is still needed deep researches in various prospects to demonstrate the

role of every constituents of platelet responsible for any cause.®’

Platelets play a key role in the development of atherothrombosis, a major
contributor of cardiovascular events.”* The contribution of platelets to cardiovascular
events has been noted for decades. Since then, there have been numerous studies
underlying the importance of platelets in thrombotic complications.®* To further
solidify the importance of platelets in cardiovascular disease, medicines aimed at
inhibiting platelet activity have been demonstrated to be very effective at decreasing

myocardial infarction, stroke, and death.%>%

In a landmark study, Davi et al.* noted that thromboxane biosynthesis was
elevated in subjects with cardiovascular disease who had inadequately controlled

diabetes compared with healthy volunteers.

Severa studies since then have suggested that diabetic patients have altered

platelet morphology and increased platelet activity. However, the importance of
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platelet activity in the setting of diabetes was noted in small selected populations, and

specialized |aboratory techniques were used to measure platelet activity.”

Although several measurements of platelet activity have emerged as potential
contributors to atherothrombosis, many of these measurements are time-consuming,
expensive, use a high sample volume, or require specialty training. Alternatively,
mean platelet volume (MPV) is a marker of platelet size that is easily determined on
routine automated hemograms and routinely available at a relatively low cost.
Subjects with a higher MPV have larger platelets that are metabolicaly and
enzymatically more active and have greater prothrombotic potential than smaller

platelets.*

DM is characterized by enhanced platelets activation and coagulation proteins
and reduced fibrinolytic activity. This pro thrombotic state precede the development
of cardiovascular and atherosclerotic complications associated with DM. Type 2

diabetes mellitus patients have two-four folds increase in risk of atherosclerosis.

Luscher et al.*® also documented an increased risk of coronary artery disease

and cerebrovascular disease as a result of accelerated atherosclerosisin DM.

In type 2 DM, platelet function is of pathophysiological importance in
atherothrombosis Several authors have documented that increased morbidity and
mortality in type 2 DM are associated with macro vascular (cardiovascular diseases,
stroke, and peripheral arterial disease) and micro vascular (nephropathy, neuropathy
and retinopathy) complications due to platelet dysfunction. Also, an increased platel et
counts and activity have been reported in diabetics as demonstrated by increases in
GPs 1Ib/llla, 1b-1X, and 1a/lla, CD62 and CD63 Mean Platelet Volume (MPV), the

average volume of platelets, a parameter in full blood count measures platelet size
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distribution, and is not influenced by glycemic control. An increased MPV has been
associated with high incidence of proliferative diabetic retinopathy and myocardial
infarction. An activated megakaryocyte-platelet system in diabetes mellitus has been
reported to be responsible for larger than normal platelets circulating in DM patients.
Platelet count and MPV are simple, effective and cheap tests that may be used to
predict angiopathy in type 2 DM. Elevated MPV has been documented to predict bad
outcome for acute ischaemic cerebrovascular events independent of other clinical

parameters.®

Severa clinical studies have shown that patients with diabetes have an altered
population of circulating platelets compared with non diabetics. Type 2 DM is caused
by a combination of peripheral resistance to insulin action and relative insulin
deficiency. Sustained hyperglycemia leads to formation of advanced glycation end
products, activation of protein kinase C and disturbance in polyol pathway resulting in
damage of endothelium and vascular smooth muscles. This probably explains
increased prevalence of diabetic micro vascular complications in individuals with
poor glycemic control and longer duration of DM. Blood platelets are highly complex,
discoid, anucleate cells derived from bone marrow megakaryocytes that participate in
critical reactions central to homeostasis and thrombosis. In response to stimuli
generated by the endothelium of blood vessels, platelets change shape, adhere to sub
endothelial surfaces, secrete the contents of intracellular organelles, and aggregate to
form a thrombus. These pro-aggregatory stimuli include thrombin, collagen,
epinephrine, ADP (dense storage granules), and thromboxane A2 (activated platel ets).
Thus, platelets may assume an important role in signaling of the development of

advanced atherosclerosis in diabetes.”’
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Functional and morphological abnormalities of platelets in diabetes mellitus
are reported. Large platelets contain more dense granules, metabolically and
enzymatically more active than small platelets and show more dense granules
producing more procoagulant factors like serotonin [-thromboglobulin and
thromboxane A2, thus playing an important role in intracoronary thrombus formation
and acute thrombotic events. This suggests a relationship between platelet size and
function with diabetic vascular complications and thus changes in MPV reflect the
state of thrombogenesis. Mean platelet volume is expected as a possible marker for
platelet size and function; hence individuals with higher MPV are more thrombotic. It

is also shown that MPV values are high in patients with diabetes mellitus.”

In recent decades, an increasing number of evidence showed that platelets
were also related to inflammation. Mean platelet volume (MPV), an important
morphological parameters of platelets and an easily accessible indice in routine blood
test, could reflect the size and activity of platelet. Higher MPV leve indicates larger
platelets, which are metabolically and enzymatically more active. In recent decade,
MPV was defined as an inflammatory marker in different diseases such as fever and

inflanmatory bowel disease.*®

Studies showed that DM cases have increased platelet activity. A latest meta-
analysis™ which included 30 case-control and cross-sectional studies found that MPV

was significantly higher in T2DM cases than study participants without DM.

93,100 101
€es

Nevertheless, other cross-sectional studi and a cohort study  exploring the
relationship between MPV and diabetes obtained inconsistent findings. In the
National Health and Nutrition Examination Survey the researchers reported that MPV

was strongly and independently associated with the presence and severity of diabetes
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in study participants with diabetes.*® However, the large prospective study to evaluate

the impact of diabetes on MPV found no associations between DM and MPV.**

Earlier in 1993, Sharp PC and Trinick T.'% reported a study where they
measured mean platelet volume (MPV) in patients with diabetes mellitus, compared
with MPV in non-diabetic control subjects. Mean MPV was significantly increased in
the diabetic subjects (8.9 £ 0.07 fL, mean £+ SEM) compared with nondiabetic
subjects (8.0 £ 0.05) (p < 0.001). Since platelet size is a determinant of platelet
function, with larger platelets being more reactive per unit volume, we believe
platelets may play a part in the micro- and macro-vascular complications of diabetes

mellitus.

Study conducted by Demirtunc, DD, et a.'® in 2009 involving 70 patients
(Group A with HbA1C > 7% and Group B with HbA1C < or = 7%) and 40 controls
showed that MPV was significantly higher in patients with Diabetes Mellitus than in
controls. Diabetic patients showed significant positive correlation between MPV and

HbA1C levels (r=0.39, P-0.001) but not with diabetic vascular complications.

Kodiatte TA et a.’® reported a study in 2012 to determine the MPV in
diabetics compared to nondiabetics, to see if there is a difference in MPV between
diabetics with and without vascular complications, and to determine the correlation of
MPV with fasting blood glucose, glycosylated hemoglobin (HbA1c), body-mass
index, and duration of diabetes in the diabetic patients. Platelet counts and MPV were
measured in 300 Type 2 diabetic patients and 300 nondiabetic subjects using an
automated blood cell counter. The blood glucose levels and HbA1c levels were also
measured. Statistical evaluation was performed by SPSS using Student's t test and

Pearson correlation tests. The mean platelet counts and MPV were higher in diabetics
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compared to the nondiabetic subjects [277.46 + 81 X 109/l vs. 269.79 £ 78 X 109/|
(P= 0.256)], 8.29 + 0.74 fl versus 7.47 + 0.73 fl (P= 0.001), respectively. MPV
showed a strong positive correlation with fasting blood glucose, postprandia glucose
and HbA1C levels (P=0.001). This study showed that, showed significantly higher
MPV in diabetic patients than in the nondiabetic subjects which indicates that
elevated MPV could be either the cause for or due to the effect of the vascular
complications. Authors also commented that, platelets may play a role and MPV can

be used as a simple parameter to assess the vascular events in diabetes.

Ulutas KT et al.’® in 2014 reported a study to investigate if platelets were
activated in diabetes and its associated vascular complications by measuring the MPV
in the diabetics compared to the non-diabetics, and to determine the correlation of
MPV with fasting serum glucose (FSG), HbAlc and duration of diabetes in the
diabetic patients, respectively. The study carried out in 65 patients with type 2 DM
and 40 nondiabetic subjects. In addition to non-diabetic patients, al diabetic patients
were divided into two groups according to their HbAlc levels. group A consisted of
patients with HbA 1c levels <7% and group B consisted of patients with HbA1c levels
>7%. MPV was significantly higher in Group B as compared to both non-diabetics
and Group A. MPV had a high positive correlation with HbA1c and FSG, as with
diabetes duration. It is found that MPV was increased in type 2 DM. The study
concluded an association between MPV and HbAlc. Further authors recommended
that, MPV would be a beneficial prognostic marker of cardio-vascular complications

in patients with type 2 DM.

Muhammad | et a.'” in 2015 reported a study to determine the correlation

between glycosylated hemoglobin level and platelet activity among patients with type
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2 diabetes mellitus (T2DM). This study was conducted in the Department of
Medicine, Khyber Teaching Hospital, Peshawar from January to June 2012. Through
a Comparative Cross Sectional Study Design, a total of 80 patients with T2DM were
selected from Medical Wards and OPDs and were grouped into those with glycated
hemoglobin (HbA1c) levels < 7% (Group A, n=33) and those with HbAlc = 7%
(Group B, n=47 patients). Both the groups were compared with regards to MPV and
HbA1c. The mean age of patients was 47.41 + 6.74 years. In group A there were
45.5% (15) males and 54.5% (18) females. In group B there were 48.9% (23) males
and 51.1% (24) female patients. MPV was significantly higher in group B as
compared to group A (9.21+0.76 fl vs. 8.29+0.46 fl; P < 0.001). Among the group B
patients, a positive statistical Pearson’s correlation was seen between MPV and
HbA1c levels (r = 0.589; p < 0.001). However, no statistical correlation was seen
between MPV and the duration of DM and BMI. The authors commented that, thereis
a significant association between poor glycemic control and increased platelet activity

in patients with uncontrolled T2DM.

Kurt H and Demikiran D. in the year 2016 reported a study which examined
whether there is a correlation between MPV and Hemoglobin Alc (HbA1lc) and
fasting plasma glucose (FPG). Authors examined baseline and fina HbA1c, MPV and
FPG values of 343 patients. Including the study group (SG) consisted of 169 patients
with diabetes whose HbA 1c levels decreased 1 % and the control group involving 174
patients whose HbA1c levels did not change. Similar to CG, HbA1c level of SG
decreased to 7.58, and MPV level reduced to 8.68. There existed a positive correlation
between MPV and HbA1c levels (r:154; p<0.005). Additionally, positive correlation
was found between MPV and HbA1c changes (r:216; p:0.005), and MPV and FPG

changes (r:245; p:0.001) in SG. Moreover, there was a positive correlation between
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MPV and HbA1c changes (r:306; p<0.005), and MPV and FPG changes (r:306;
p<0.005) in patients underwent insulin treatment. The study concluded that, the
change in HbA1c level is similar to MPV level change. The effect of insulin therapy

on MPV issignificant.®

In another Case-control Study reported by Vaddatti, T. et a.?” in 2016 showed
that MPV was significantly higher in diabetics when compared to non diabetics and
also showed a statistically significant positive correlation between HbA1c and MPV

(rvaue- 0.5, pvaue-0.4).

Dayal A et a.'® in 2016 reported a study which involved a total of 211
subjects, 105 diabetics and 106 nondiabetic controls. MPV, platelet count, blood
glucose levels, lipid profile and HbAlc levels were measured. Mean MPV was
significantly higher in the diabetic group compared to the controls (9.94 + 1.07 fl
versus 9.36 + 0.96 fl; p=.00003). Mean BMI, cholesterol and triglycerides were also
significantly higher in the diabetic group. Within the diabetic group, mean MPV,
cholesterol and triglycerides were significantly higher in subjects with HbA1c = 6.5%
(10.30£0.95fl vs 9.82+1.08fl, p=.03; 206.28+37.17 mg/dl vs 185.07+41.91 mg/dl,
p=.026; 176.96 + 88.54 mg/dl vs 133.19 * 46.30 mg/dl, p=.002 respectively). It was
concluded that, High MPV in diabetics may indicate platelet hyperactivity, which
may contribute to the vascular complications of type || DM. Thus MPV can be used
as asimple, cost effective parameter to assess the probability of developing vascular

complications in diabetes.

Hasan Z. et a.**" reported a descriptive and prospective study in the year 2016
to evaluate MPV in patients with type Il DM in comparison with a healthy control

group and prediabetes group. A total of 77 patients with type || DM, 25 prediabetes
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subjects, and 38 healthy subjects attending a teaching hospital of Bangalore
constituted the study population. The study subjects were evaluated by performing
Complete blood count including MPV, Fasting Blood Glucose levels and Lipid
profile. The diabetic subjects were interviewed for duration of disease and examined
for presence of microvascular and macrovascular complications apart from noting the
HbA1C levels. Mean platelet volume was compared between diabetic patients,
prediabetes and healthy counterparts. Within the diabetic group, MPV was compared
between this and without vascular complications. The exclusion criteria employed in
the study was subjects with anaemia (Hb<1lg/dl for females and Hb<12g/dl for
males) and thrombocytopenia (<1.5 lakh/uL). MPV of diabetic patients was not
significantly different when compared to prediabetes and non-diabetic individuals.
Similarly, the MPV had no significant relation to FBS, PPBS, HbA1c and Body mass
index. MPV had an inverse relationship with the platelet count. The study showed that
MPV of diabetic patients was not significantly different when compared to
prediabetes and non-diabetic individuals. Though the MPV in Diabetics with
complications was higher than those without complications, it was not statistically

significantly.

In a study reported by Swaminathan AL et a.'® in the year 2017 at the
Diabetology Dept of SRM Medical College Hospital and Research Center showed
that MPV and Platelet distribution width (PDW) showed a significant increase in
Diabetic’s with HbAlc > 7% and MPV was increased in Diabetics with > 10 years

duration of Diabetes.
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METHODOLOGY

The present study was undertaken in the Department of General Medicine,
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi from

January 2017 to December 2017.

Study design

The study design was a one year hospital based cross sectional study.

Study period and duration

The present was done for a period of one year from January 2017 to December

2017.

Setting

The present study was carried out in the Department of General Medicine
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi atertiary
care teaching hospital attached to KLE University’s Jawaharlal Nehru Medical

College, Belagavi.

Sour ce of Data

Patients presenting with type 2 diabetes mellitus to the Department of General
Medicine KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi

were enrolled.
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Samplesize

A total of 100 patients presenting with type 2 diabetes mellitus fulfilling the

selection criteria were selected for the study.

Sampling procedure
The sample size was cal cul ated based on the formula as mentioned below.
n=4XpXq/d
Where, p= Prevalence of the disease was considered as 50%
due to scarcity of data on role of MPV in T2DM
g= 100-p =100-50 =50
d=  Absolute error taken as 10%
Therefore,  n=4X 50X 50/ 107
n=100
Hence asample size of 100 was considered for the study.

Sampling method

Patients fulfilling the inclusion criteria were enrolled considering simple random

sampling.
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Selection criteria

Inclusion Criteria

Patients presenting with type 2 diabetes mellitus to the Department of General
Medicine at KLES, Dr Prabhakar Kore Hospital and Medical Research Centre,
Belagavi.

Exclusion Criteria
Male patients with Hb < 13g/dL and Females with Hb < 11g/dL.
Patients with history of anti-thrombotic medications.
Patients with history of coagulation disorders, peripheral vascular disease, and

those having habits of smoking, tobacco chewing and alcohol intake.

Ethical clearance

Prior to the commencement, the study was approved by the Institutional Ethics

Committee of Jawaharlal Nehru Medical College, Belagavi.

I nfor med consent

Patients presenting to the Department of General Medicine at KLES
Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi. were screened
for eligibility based on selection criteria. Those who fulfill the selection criteria were
briefed about the nature of the study and a written informed consent was obtained

(Annexure-I1) prior to the enrollment.

Data collection

Patients were interviewed and demographic data like gender and age were

noted. Detailled diabetic history like duration of diabetes, medication, treatment
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compliance along with history of other comorbid conditions and personal history were
obtained and recorded. A thorough general physical examination was conducted to
assess vital parameters followed by systemic examination. All these findings were

recorded on a predesigned and pretested proforma (Annexure-I1).

I nvestigations

The selected patients were subjected to the following investigations

Haemoglobin

Fasting blood sugar

Glycosylated hemoglobin (HbA1C)
Mean platelet volume (MPV)
Serum Urea and creatinine

Electrocardiogram (ECG)

Under aseptic conditions, 2 mL of venous blood was collected in EDTA vias
for complete blood counts and HbAlc. Early morning samples were drawn for
estimating fasting blood glucose levels. Samples were maintained at room

temperature and analyzed within one hour of collection.

Study variables

Glycosylated hemoglobin (HbA1c)

HbA 1c was calculated by high performance liquid chromatography. Based on

ADA 2018 recommended target for HbAlc, a value of <7 was considered as

optimal .81
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Mean platelet volume

MPV and platelet counts were anayzed in fully automated hematology

anayzer. The mean platelet volume was estimated on Beckman and Coulter LH 780

110
d

hematology analyzer using electrica impedance metho and normal reference

range was considered between 7 to 11fL.***

Fasting blood sugar

The FBS was analyzed in samples collected in sodium fluoride. FBS was

estimated by hexokinase method.

Statistical analysis

The data thus obtained was tabulated on Microsoft Excel spread sheet. The
categorical data was expressed as ratios and percentages. Chi-square test was used to
find the association. Continuous data was expressed as mean + standard deviation
(SD) and then the comparison was done using independent sample‘t’ test. Pearson’s
correlation coefficient was used to determine correlation between MPV and
glycosylated hemoglobin, fasting blood sugar and duration of diabetes. At 95%
confidence interval (ClI), a probability value (‘p’ value) of less than or equal to 0.050

was considered to be statistically significant.
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RESULTS

This one year hospital based cross sectional study was conducted in the
Department of General Medicine, KLES Dr. Prabhakar Kore Hospital and Medical
Research Centre, Belagavi from January 2017 to December 2017. A total of 100
patients presenting with type 2 diabetes mellitus fulfilling the selection criteria were

studied. The selected patients underwent tests for HbAlc, MPV and FBS

The data obtained was anaysed and the final results and observations were

tabulated as below.
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Table 1. Distribution of patients according to the sex

Distribution (n=100)

Sex
Number  Percentage
Male 49 49.00
Female 51 51.00
Total 100 100.00

Graph 1. Distribution of patients according to the sex

49.00%

51.00%

OMale DOFemale

In the present study 51% of the patients were females and 49% of the patients

were males (49%). The maleto femaleratio was 1:1.04
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Table 2. Distribution of patients according to the age

Distribution (n=100)

Agegroup (Years)
Number  Percentage
21t0 30 2 2.00
31to0 40 9 9.00
41 to 50 24 24.00
51to 60 30 30.00
61to 70 30 30.00
>70 5 5.00
Total 100 100.00

35%
30%

25%

15%

Distribution (%)

10%

0%

20% -

5% -

Graph 2. Distribution of patients according to the age
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H

21to 30

31to 40

41 to 50 51 to 60

Age group (Years)

61to 70 >70

In this study 30% of the patients each were aged between 51 to 60 years and

61 to 70 years. The mean age was 55.83+10.84 years and the median age was 57.50

years and ranged between 29 to 74 years.
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Table 3. Distribution of patients according to the medical and personal history

Distribution (n=100)

Variables
Number Per centage

Microvascular complications 61 61.00
Hypertension 47 47.00
Tobacco chewing 0 0.00
Coagulation disorders 0 0.00
Peripheral vascular disease 0 0.00
Alcohol consumption 0 0.00
Smoking 0 0.00

Graph 3. Distribution of patients according to the
medical and personal history

70% -
61.00%
60% -
50% | 47.00%
o
S 40% -
e
S 30% -
5
o 20% A
s
0 10% +
o 0.00% 0.00% 0.00% 0.00% 0.00%
0% T T T T
T 2 ¢z 5 2
35 ° £ g 3 2 <
s @ 2 g o a S
g8 ) 2 3 8o E £
S = £ G R S0 =] %)
oo [ o ko] il g %)
c E & Q c [Ci] g
=8 T @ 2 L35 3
= ks s 5
- 2 g g
Variables S <

In the present study 61% of the patients had microvascular complications and

47% of the patients reported history of hypertension.
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Table 4. Distribution of patients according to the diabetic history - Duration of

diabetes mellitus

Distribution (n=100)
Number  Percentage

Duration of diabetes

< 1year or Newly detected 16 16.00
1toSyears 45 45.00
6 to 10 years 24 24.00
11 to 15 years 11 11.00
16 to 20 years 4 4.00
Total 100 100.00

Graph 4. Distribution of patients according to the
diabetic history - Duration of diabetes mellitus
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In this study 45% of the patients reported duration of diabetes between one to
five years and 24% had duration between 6 to 10 years. However 16% of the patients
were newly diagnosed and 4% of the patients had duration of 16 to 20 years. The
mean duration of diabetes was noted as 5.94+5.03 years and the median duration of

diabetes was noted as 5 years and ranged up to 20 years.
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Table 5. Distribution of patients according to the diabetic history - Type of

diabetic medication

Distribution (n=100)
Type of Diabetic Medication
Number  Percentage

Ora Hypoglycaemic agents 43 43.00

Both Insulin and oral hypoglycaemic agents 24 24.00
Diet and life style modification 21 21.00
Insulin 12 12.00

Total 100 100.00

Graph 5. Distribution of patients according to the
diabetic history - Type of diabetic medication
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In the present study 43% of the patients were on treatment with oral
hypoglycaemic agents and 24% were on both insulin and OHA while 21% of the
patients reported diet and life style modification and 12% were on treatment with

insulin.
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Table 6. Distribution of patients according to the diabetic history - Treatment

compliance

Distribution (n=100)
Treatment compliance
Number  Percentage

Good 74 74.00
Poor 26 26.00
Total 100 100.00

Graph 6. Distribution of patients according to the
diabetic history - Treatment compliance
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In the present study 74% of the patients reported good treatment compliance

while poor treatment compliance was noted in 26% of the patients.
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Table7. Distribution of patients accor ding to the fundoscopy findings

Distribution (n=100)
Fundoscopy findings
Number  Percentage

Normal 19 19.00
Abnormal 81 81.00
Total 100 100.00

Graph 7. Distribution of patients according to the
fundoscopy findings

81.00%
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In the present study abnormal fundoscopy was noted in 81% of the patients

while 19% of the patients had a normal fundus exam.
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Table 8. Distribution of patients according to the ECG findings

Distribution (n=100)

ECG findings
Number  Percentage
Normal 45 45.00
Abnormal 55 55.00
Total 100 100.00

Graph 8. Distribution of patients according to the
ECG findings
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In this study 55% of the patients had abnormal ECG findings.
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Table9. Clinical profile of the study population

Parameters e Median . e :
Mean SD Minimum Maximum

Age (Years) 55.83  10.84  57.50 29.00 74.00

Duration of Diabetes (Y ears) 5.94 5.03 5.00 0.00 20.00
Pulse Rate (bpm) 8145 11.06  80.00 54.00 114.00
Systolic blood pressure (mm Hg) 126.50 21.70 123.00 86.00 180.00
Diastolic blood pressure (mm Hg) 79.10 9.99 80.00 60.00 100.00
Respiratory rate (Per minute) 17.11 2.20 18.00 14.00 24.00
Mean platelet volume (fL) 9.08 1.20 9.00 5.60 12.00
Mean haemoglobin in males (gm%) 13.68 0.45 13.70 13.00 14.60
Mean haemoglobin in females (gm%) 11.88 0.49 11.90 11.00 12.90
HbA1C (%) 9.86 3.02 9.75 4.80 19.90
Urea (mg/dl) 39.92 3071 28.00 10.00 201.00

Creatinine (mg/dl) 1.43 0.89 1.10 0.37 5.00
Fasting blood sugar (mg/dL) 139.09 32.05 126.50 94.00 250.00

The clinical and diabetic profile of the study population is as shown in Table 9.
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Table 10. Distribution of patients according tothe MPV levels

Distribution (n=100)
MPV levels (fL)
Number  Percentage

<7.00 3 3.00
7.00t0 9.00 48 48.00
9.01to 11.00 42 42.00

>11.00 7 7.00

Total 100 100.00

Graph 9. Distribution of patients according to the
MPV levels
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In the present study 48% of the patients had MPV levels between 7.01 to 9.00

fL and 42% of the patients had MPV levels between 9.01 to 11.00 the mean MPV

levels were noted as 9.08+1.20 fL and Median MPV levels were 9.00 fL and ranged

between 5.6 to 12.00 fL.
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Table 11. Distribution of patients according to the Glycosylated Hemoglobin

levels

Distribution (n=100)

Glycosylated Hemoglobin levels (%)
Number  Percentage

<7 23 23.00
>7 77 77.00
Total 100 100.00

Graph 10. Distribution of patients according to the
glycosylated haemoglobin levels
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77.00%
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In the present study HbA1c of < 7.0 percent was noted in 23% of the patients

and 77% of the patients had HbA1c levels of > 7.00 percent. The mean HbA1c levels

were noted as 9.86+3.02 percent and median HbA1c levels were 9.75 percent and

ranged between 4.8 to 19.90 percent.
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Table 12. Association of HbA1C with MPV

HbA1c (%)
Total (n=100)
Mean platelet volume (fL) <7 >7
No. % No. % No. %
<7.00 2 100.00 O 0.00 2 2.00
7.00t09.00 15 34.88 28 65.12 43 43.00
9.01to 11.00 6 1200 44  88.00 50 50.00
>11.00 0 0.00 5 100.00 5 5.00
Total 23 23.00 77 77.00 100 100.00
p = 0.002
Graph 11. Associaton of HbAlc with MPV
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In this study all the patients with MPV of > 11 had HbA1c levels of > 7

percent and al the patients with MPV of < 7 had HbA1c levels of < 7 percent. This

difference was statistically significant (p=0.002).
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Table 13. Comparison of Mean MPV with HbAlc

Mean HbAlc (%)
<7 (n=23) >7 (n=77) p value
Mean SD Mean SD
MPV (fL) 833 1.09 94 092 <0.001

Mean MPV (fL)

Graph 12. Comparison of mean MPV with HbAlc
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In the present study the mean MPV levels in patients with HbA1c levels of <

7% were significantly low (8.33+1.09 fL) compared to those with HbAlc of > 7

(9.420.92) (p<0.001).
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Grpah 13. Correlation between mean platelet volume
and glycosylated haemoglobin
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r=0.287; R?*=0.0823; p=0.004

The correlation between MPV and HbA1c is as shown in Graph 14. There was
significant weak positive correlation between MPV and HbA1c (r= 0.287; R*=0.0823;

p=0.004) .

Page 56



Reault

Graph 14. Correlation between mean platelet volume
and fasting blood sugar
270 -
250 - L 2
T 230 -
S
£ 210 - *
& .
3 | * w8 L, o ® o ¢
'§ 170 . V'S
S 15 * . N # Lo 'RE=00089 ¢
= /_Q!/—*——‘/
| *
g 130 . .0"0 ¢ ‘0‘“‘
110 - * *» $3 ?0‘
90 ’ T T ’ T " ’ T ’ T \‘ 1
5 6 7 8 9 10 11 12
Mean Platelet Volume (fL)

r=0.094; R?*=0.0089; p=0.350

The correlation between MPV and FBS is as shown in Graph 15. There was
non significant weak positive correlation between MPV and FBS (r= 0.094;

R?=0.0089; p=0.350).
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Graph 15. Correlation between mean platelet volume
and duration of diabetes mellitus
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r=-0.235; R*=0.0552; p=0.019

The correlation between MPV and duratrion of diabetes is as shown in Graph
16. There was significant weak negative correlation between MPV and duration of

diabetes (r=-0.235; R>=0.0552; p=0.019).
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DISCUSSION

Diabetes mellitus (DM) is the most common endocrine disease characterized
by metabolic abnormalities, hyperglycemia resulting in long term complications.'®
Thrombosis, atherosclerosis and other vascular diseases are common complications of

diabetes mellitus.**?

Platelets play an important role in the normal hemostasis, the Mean Platelet
Volume (MPV), an accurate measure of the platelet size is considered a marker and
determinant of platelet function. It is postulated that, larger platelets with higher
MPV are more reactive and produce higher amounts of the prothrombotic factor
Thromboxane A2, increasing a propensity to thrombosis.*® Platelets from subjects
with DM, particularly from those with type 2 diabetes, exhibit increased reactivity.
Factors that may contribute to this greater platelet reactivity are not completely
elucidated and include metabolic abnormalities such as hyperglycemia,
hyperlipidemia, insulin resistance, and conditions as oxidative stress, inflammation,

and endothelial dysfunction.***

MPV, a determinant of platelet function, is a newly emerging risk factor for
atherothrombosis. A large proportion of persons with type 2 DM suffer from
preventable macrovascular complications. Hence, there is a need to develop risk
factor modification interventions in order to reduce the impact of long term
complications. MPV can be easily measured during routine hematological analysis.
Thus, MPV can emerge as an important, simple, effortless, and cost-effective tool for
monitoring and for early recognition of patients that could possibly benefit from

preventive treatment in order to avoid long term complications.'® Considering these
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facts the present study was designed to evaluate the relationship between glycosylated

hemoglobin and mean platelet volume in patients with type 2 diabetes mellitus.

The present one year hospital based cross sectional study was carried out in
the Department of General Medicine, KLES Dr. Prabhakar Kore Hospital and
Medical Research Centre, Belagavi from January 2017 to December 2017. A total of
100 patients diagnosed to have type 2 diabetes mellitus were studied. The selected
patients were subjected to estimation of HbAlc, MPV and FBS and other routine

investigations.

It is reported that, the prevalence of diabetes is higher in men than women.**°

However, in the present study 51% of the patients were females and 49% of the
patients were males. The male to female ratio was 1:1.04 suggesting almost equal

number of males and females with T2DM.

Unlike in the West, where older persons are most affected, diabetes in Asian
countries is disproportionately high in young to middle-aged adults.***® In this study
age ranged between 29 to 74 years. 30% of the patients each were aged between 51 to
60 years and 61 to 70 years. The mean age was 55.83+10.84 years and the median age
was 57.50 years. These findings suggest that, most of the patients in the present study

were middle aged individuals or elderly.

With regard to diabetic characteristics, the duration of diabetes ranged from
less than a year as 16% of the patients were newly diagnosed to 20 years. Most of the
patients (45%) reported duration of diabetes between one to five years and 24% had
duration between 6 to 10 years. However 4% of the patients had duration of 16 to 20

years. The mean duration of diabetes was noted as 5.94+5.03 years. Looking at the
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mean age and duration of diabetes it was evident that most of the individuals had
shorter duration of diabetes and only few patients had long standing diabetes. With
respect to the diabetic medication, 43% of the patients had treatment with oral
hypoglycaemic agents (OHA) and 24% were on both insulin and OHA. Treatment
with diet and life style modification was noted in 21% of the patients and 12% were
on treatment with only insulin. Mgority of the patients (74%) reported good treatment
compliance while poor treatment compliance was noted in 26% of the patients. Also,
61% of the patients had microvascular complications and 47% of the patients reported
history of hypertension. Abnormal fundoscopy was noted in 81% of the patients and

55% of the patients had abnormal ECG findings.

In the present study MPV levelsin patients with T2 DM ranged between 5.6 to
12.00 fL. Nearly half of the patients with T2DM (48%) had MPV levels between 7.01
to 9.00 fL while more than one third (42%) of the patients had higher MPV levels that
is, between 9.01 to 11.00, the mean MPV levels were noted as 9.08+1.20 fL and
median MPV levels were 9.00 fL. These findings suggest that, patients with T2DM

are likely to have high normal or intermediate MPV levels.

In this study, HbA1c levels ranged between 4.8 to 19.90 percent and the mean
HbA1c levels were noted as 9.86+3.02 percent and median HbA1c levels were 9.75
percent. Further, majority of the patients that is, 77% had poor diabetic control with
HbA1c levels of > 7.00 percent and only 23% of the patients had optimal diabetic
control (HbA1c<7.0 percent). Looking at the mean HbA1c levels and the proportion
of patients with HbA1c > 7 percent it was evident that, majority of the patients in the

present study had poor glycemic control.
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In the present study all the patients (100%) with MPV of > 11 fL had HbAlc
levels of > 7 percent. All the patients with MPV of <7 fL had HbAlc levels of <7
percent. This difference was statistically significant (p=0.002). Further, the mean
MPV levels in patients with HbA1c levels of < 7 percent were significantly low
(8.33+1.09 fL) compared to those with HbAlc of > 7 (9.4£0.92) (p<0.001). Also,
there was weak positive correlation between MPV and HbA1c (r= 0.287; R*=0.0823;
p=0.004) but this correlation was statistically significant (p=0.004). These findings
not only suggest strong association between MPV and HbA1c but also strong linear
relationship between MPV and HbA1c in patients with T2DM. These findings were

consistent with several other studiesin literature.

The findings of the present study were consistent with the observations

reported by Sharpe and Trinick®

(1993) who were first to report the association
between MPV and T2DM and reported significant increase of MPV in diabetic
compared with non diabetic patients. This study was followed by numerous other
small studies by Papanas N. et a.™ (2004), Demirtunc R et al.'® (2009), Kodiatte
TA et a.'® (2012), Dindar S. et a.*® (2013) and Zaccardi F. et al.*® (2015) and with
the largest study to date, conducted on 13,021 diabetic patients by Shah B et a.*
(2012) with similar findings. More recently, the Dongfeng-Tongji cohort study by
Zhaoyang Li et a.® (2018) showed that higher levels of MPV were independently
associated with increased incident risk of T2DM in a middle aged and older Chinese

population. In contrast to the observations noted in our study, Bayram SM et al.**’

(2015) reported that MPV levels did not correlate with HbA1c.

A series of interrelated alterations occur following sustained hyperglycaemia

which cause endothelia dysfunction and vascular lesions leading to complications in
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diabetics.’” Kodiatte et al.’™ (2012) reported that increased platelet activity have an
important role in the development of vascular complications in type 2 DM. It can be
suggested that increased platelet volume may be an important factor in the enhanced
risk of vascular complications in these cases.’® In this respect, MPV can be used as a
favorable test in the monitoring of type 2 DM in terms of atherosclerosis

development.’®

Increased platelet reactivity and consequently higher MPV in T2 DM patients
is caused by the multifactorial causes, e.g. hyperglycemia, hypertriglyceridemia,
oxidative stress, inflammation and absolute or relative insulin deficiency creating a
favorable milieu for the development of vascular complications. It is proposed that,
effects on coagulation system in those patients cannot be attributed to only one of
these factors, individually. Since T2DM is primarily defined by hyperglycemia, its
impact on coagulation has been studied quite extensively. Hyperglycemia induces
nonenzymatic glycation of proteins on the surface of the platelets, which decreases
membrane fluidity and increases its reactivity. Hyperglycemia also increases platel et
reactivity due to its direct osmotic effects on platelets causing osmotic swelling.
Additionally, higher MPV vaues may be the result of the increased production of

young platelets due to a higher platelet turnover rate.*®

Bayram SM et al.*’ (2016) suggested that, increased MPV in diabetes may be
due to osmotic swelling of the platelets or due to insulin effect, which forces
megakaryocytes to produce platelets with large sizes. Another postulated theory may

reflect increased platelet turnover and increased presence of younger thrombocytes.

Though, it is reported that, increased platelet reactivity is strongly associated

with hyperglycaemia, interestingly, the present study showed weak positive
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correlation between MPV and FBS (r=0.094; R?=0.0089; p=0.350) and the correlation
observed was statistically not significant which was consistent with a study by
Bayram SM et a. (2015) where MPV levels did not correlate with FBG.™" Similarly
Hekimsoy Z et al.?® (2004) also did not find any correlation between MPV and fasting
serum glucose (FSG) in patients with type 2 diabetes mellitus. In contrast, Ulutas KT
et a.’®® (2014) found a correlation between MPV and FSG. Shimodaira et al.**°(2013)

also reported relationship between MPV and FSG in prediabetic patients.

In the present study weak negative correlation between MPV and duration of
diabetes was observed (r=-0.235; R?=0.0552; p=0.019). Though the correlation
observed was statistically significant the correlation observed was weak. Bayram SM
et al.'*" (2016) Hekimsoy Z. et a.? (2004), Papanas N. et a.'*® (2004), and Sharpe
PC, Trinick T. (1993) aso did not find any correlation between MPV and duration of
diabetes. Bayram SM et al.*’ (2016) stated that, MPV increase may only be related to
diabetes. It was shown that an increase in MPV occurred at the beginning of the
disease and persisted for the duration of the disease. It can be said that when the
damage in vasculature starts, it may be constant, and it continues for the duration of
the disease independent of the control of diabetes. In concordance with this thought,
we also think that the type of diabetes treatment (either insulin or oral hypoglycemics)
may not affect MPV levels. However, in Vernekar and Vaidya’s study'®° (2013), early
initiation of insulin treatment was not only found to help in controlling blood glucose
levels but also helped in keeping MPV levels low. Dolasik et al.*?* (2013) also found
that metformin treatment significantly decreased MPV levels. Keeping in mind that
control of diabetes did not affect MPV levels, Bayram SM et al.**’ (2016) postulated
that insulin and metformin have specific effects on MPV levels, and they do not act

solely by controlling diabetes.
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Overal, the present study showed strong association and relationship between
MPV and HbA1lc in patients with T2DM but no relation was noted between MPV
with FBS and duration of diabetes as well. However these findings require further
validation due to potential limitations of the study. That is, relatively smaller sample
size and the study was from a single institution thus can’t be generalised to the entire
population. Also in the present study 16% of the patients were newly diagnosed to
have T2DM and they were managed by diet and lifestyle modification which may
raise the concern about the increase in MPV occurred at the beginning of the disease
as proposed by Bayram SM et al.'*” (2016) These factors could inevitably lead to
potential bias in the evaluation of the relation between MPV and HbA1c in patients
with T2DM. Furthermore, this study did not ascertained a causal relationship between
MPV and vascular complications in diabetes which was beyond the scope of this

study.

Hence further multicentric studies involving large sample size with pertinent
selection criteria related to duration and treatment of diabetes and complications may
provide useful insights about the true relationship between MPV and HbAIc in

patients with T2DM.
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CONCLUSION

The present study demonstrates not only strong association but also strong
relationship between HbAlc and MPV in patients with type 2 diabetes mellitus.

However, no reation of MPV was found with FBS.
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Summary

SUMMARY

Since it is postulated that, MPV being a determinant of platelet functionality
and increased MPV levels are associated with increased risk for hyperglycemic
complications, this study aimed to find the relationship between glycosylated

hemoglobin and mean platelet volume in patients with type 2 diabetes mellitus.

This one year hospital based cross sectional study was conducted in the
Department of General Medicine, KLES Dr. Prabhakar Kore Hospital and Medical
Research Centre, Belagavi from January 2017 to December 2017. A total of 100
patients presenting with type 2 diabetes mellitus fulfilling the selection criteria were
studied. The selected patients underwent tests for HbAlc, MPV, FBS and other

relevant tests. The salient findings of the study are as summarized below.

The male to female ratio was 1:1.04 with 51% of the patients being females

and 49% being males.

The common age group was 51 to 60 years and 61 to 70 years comprised of

30% of the patients each. The mean age was 55.83+10.84 years.

Most of the patients had (61%) microvascular complications.

The mean duration of diabetes was noted as 5.94+5.03 years. Most of the
patients (45%) reported duration of diabetes between one to five years.
However 16% of the patients were newly diagnosed and 4% of the patients

had duration of 16 to 20 years.
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Summary

Treatment with oral hypoglycaemic agents was reported by 43% of the
patients and 24% were on both insulin and OHA while 21% of the patients
reported diet and life style modification and 12% were on treatment with

insulin.

Majority of the patients (74%) reported good treatment compliance and poor

treatment compliance was noted in 26% of the patients.

Abnormal fundoscopy was noted in 81% of the patients and 55% of the

patients had abnormal ECG findings

48% of the patients had MPV levels between 7.01 to 9.00 fL and 42% of the
patients had MPV levels between 9.01 to 11.00 the mean MPV levels were

noted as 9.08+1.20 fL.

HbA1c of <7.0 percent was noted in 23% of the patients and 77% of the
patients had HbA1c levels of > 7.00 percent. The mean HbA1c levels were

noted as 9.86+3.02 percent.

All the patients with MPV of > 11 had HbA1c levels of > 7 percent and al the

patients with MPV of < 7 had HbA 1c levels of <7 percent. (p=0.002).

The mean MPV levels in patients with HbAlc levels of < 7 percent were
significantly low (8.33+£1.09 fL) compared to those with HbA1c of >7 percent

(9.4+0.92) (p<0.001).

There was significant weak positive correlation between MPV and HbAlc
(r=0.287; R?*=0.0823; p=0.004) and non significant weak positive correlation

between MPV and FBS (r= 0.094; R*=0.0089; p=0.350).
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Summary

There was significant weak negative correlation between MPV and duration of

diabetes (r=-0.235; R*=0.0552; p=0.019).

Based on the findings of this study it may be concluded that, there is strong
association and relationship between HbA1c and MPV in patients with type 2 diabetes

mellitus.
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INFORMED CONSENT FORM

THE RELATIONSHIP BETWEEN GLYCOSYLATED HEMOGLOBIN AND
MEAN PLATELET VOLUME INTYPE 2DIABETESMELLITUS-ONE
YEAR HOSPITAL BASED CROSS SECTIONAL STUDY

Objective and purpose of the study:
This research is intended to study the relationship between glycosylated
hemoglobin and mean Platelet Volume. The principa investigator of the study is

Dr. under the guidance of Dr — . The study aims to

establish the relationship between Mean platelet volume and Glycosylated
Hemoglobin in patients who have Type 2 Diabetes Médllitus. This will help in
assessing the vascular complications of Diabetes Méellitus owing to poor glycemic
control and help to intervene at the primary level to curtail such complications
Procedure

If you agree to be part of the research study you will be asked history in brief
and subjected to clinical examination and Blood investigations like Mean Platelet
volume and Glycosylated Hemoglobin and other relevant investigations.
Risk and Benefits

There is no risk associated with study.
Alternatives

Taking part in this study is voluntary. You may choose not to take part in this
study, or if you decide to take part you can later change my mind and withdraw from
the study. Your decision will not change the present or future health care or other
services that you receive. The study doctor or sponsorer may stop your participation
in this study any time. If you choose not to take part in the study you will receive the

standard treatment for patients with your condition
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Privacy and Confidentiality

All information collected about you during the course of this study will be
kept confidentia to the extent permitted by law. The code numbers will identify you
in this research record. Information from this study may be published but your
identity will be confidential in any publication.
Institution / Sponsor’s policy

Does not apply to this research
Voluntary participation/ withdrawal

Your participation in this study is entirely voluntary and you may withdraw
from the study at any time.
Financial incentivesfor participation

You will not be paid / offered any gifts /incentives for participating in the
study.
Authorization to publish theresults

The results of the study would be forwarded to the KLE University, Belagavi
as part of requirement towards the completion of MD degree, review and publishing.
Questions

If you have any questions about study you may cal In case of queries

regarding your right as a participant you may contact:

Dr. Dr

Professor of Medicine Investigator,

Department of General Medicine PG in General Medicine,
IJNMC, Belagavi. IJNMC, Belagavi

Phone No: Phone No.:

Dr. Ganga S. Rilli,

Chairman, J.N.M.C Ethica Committee for Human Research,
Professor and Head,

Department of Pathology,

JIJNMC Belagavi

Phone number: 0831-2471350, Extn: 1527
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CONSENT FORM

| voluntarily agree to take part in this study by signing on the line below. |
may withdraw at any time. | am not giving up any of my legal rights by signing this
form. My signature below indicated that | have read this entire consent form or it has
been read to me, and has been explained to me in my vernacular language and had all
my questions answered. | will be given a copy of this consent form.
Signature /Left Thumb print of the Participant or legally authorized representative.
Participant’s Name/ e
Signature/ Left Thumb
Impression of the participant’s e
Signature/ Left Thumb
Impression. e
Witness’s Name e
Signature/ Left Thumb
Impression. T
Investigators name and Signature e

Date and Place T

Date: Place:
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SRTYS WA TS,

TOTRETITOW DAFE: QVBEIC DGHEVEE QBT TQ 1,50 ;IEIT HeIRNe®
R DER’ Je3* JE3° NY FoWO DA TyaToks.
JoZperFab S0ab DR evd3 :

& OZohIT  oudedy OTBIE WD  DWERT WOV ¢
MyBRT,UIE bioued w0@) e T Ot Y Joul ® TSR
eSDOWYTINT. Bo. — QIT W IEWTEITO B@o.
¥IT FoARLFIDY, WeBWLST.

& OZOHIT Sy E3 JTBIe DTO DT DB SO

;BT URT BlRries @ e 5t Utr MY JW0E WX BTN,
VAVYITOING. GS00s " HVBRe S0 "EHENE VBT 11 So06vRY
BTHEROW), VTR, FLOZRL ) HVEIOTED TBASHIE.

<<LSA£/:\:

oA2AA F zomeegmaw "SAUAAUA®A M'APEAAQA°e cfAAUE
SAAIEA°UE AABALILZA ¥AzrARUAVAELAAR
PEAVASUAABAAZAA  °cAUAA  *zZA&QAAIAA  VvA¥A AtAUE
MYAQA EPAUAAVAUZE. EBAgA eEAWUE cA2AA w?AAa gAPAU
c’AUAA 2AiAZAjAIAAEAAR cAgA EPAUAAVAUZE.

CEAAPAA® °AUAA CEAELAAPAAER®VEUAVAA:

F  someegman  A2AAAIAAZAe  AiAIA2AZE  jJAwWAIAA
CEAEAAPA A EGUAYVAUACA CxA2A VEAEZAQEUAYVAUA®
EgAAAAC®e.

Y¥AAIAIASAIAAUAYVAA:

F AA+EAZSAFA CzsABAIAALAZA @ cA2AA Aé EZAN-AAZA
aAAvAAU M'aUE-AAZA "SAUA2A» ASPAAZAA DxA2A
cAgAPAj A®SSCAAZAA. MAZAA EAYE oAAA
AATEAZSALEAIAA  "SAUAA®A M'APEAEAQAA  £AAVAQAZA
CEAUAVA°e 2AALE AAI  8zA A-AZAgE ©A2AA  JCZAJAZA
oEAQASGASPAAZAA. ©AAAA F ozA3gAAA  oPAAUE  FUA
ZAAGAAIAAAWUQgAAZA  EEZASQAAIAA  CAUAAEEERVAQA
EAFUAVA FEAAE AiAIAAAZE ¥AxsA A ©AgAAAAC®e
SAUAA £ACAAUE A°A EgAgE gEAAVUAYAAVA otAAVgAAZA
SA-ATEUAEAA AgA2AV aQuEi ZAEGEAIAAAGAAZAA.

UEYAAVE:

AALEAZSALEAIAA  AAzsA8SzA°e AAUAa»igAA2A J Aeé
A A»WAIAAEAAR PAEEARUAEAA AgA2AV
UE¥ASZAVOA AUAAAAZAA, JFeAIAAE ofPAAa  °E AgAA
¥AaPAIPAUAZEA oPAIEAEAAR  UE¥ia  AASE&-AAAZA
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UAAGAAW A®UAAZAAZAA.  AAAACEA  CEAUAVAE  F
AA£A/EZSAEA AgACAIAAA ¥AaPAIUEAAGAUA®A A°A PAAa
°E,AQALAAR UEYAEFAUEQA AUAASAAZAA.

AA EU DxA2A ¥AzAIEATPAQA aRWUAYVAA :

F AA+E/AzsAfA DzsE&CEAzAe oA2AA  Aé EaN-AAZA
SAAVAAU MIAUE-AAZA “sAUA2A» ASPAAZAA CxA2A  »AzZA
AJAIAA®ASAAZAA.

¥sACavAIPA zsA£A: S )

PAAUE F  cozeepson  ¥sA°VAAXACALAAR  PEJIE
<<i:Aé<<ZA§1(@AiAA "E%A\UA« ) EaAjUE, ‘JaAi'l'. L ¥AZA«
YAABBUEAESA®A,  @AABA®A  CAUAA  YAaPAnA®A
PA1/4AA»1PA,CEqA®UAAaAAzAA.

AATEAZSALEAIAA  AAZA'SABzZA°e  CxA2A  3AAAAZE
AiAIAAAZAZA®A ¥AatiRUAVAA CxA2A CEAAGAIAEAUAYZAY °&
F PEVAVEASAQALAAR AAYAQS,ASPAAZAVZE.

M'aUE ¥AvAee

£FAEAA £AfAR AEEZEN-AAcRA A2AAaw ¥AvAsPEl A»
aAjArgAAVEUAEE, FA£AA £ALAR AAAGWAIAAEAAR AiAIAPAUA
"EAPAZAQA/E »A¥AQEAIAASPAAZAA, PEAA® A» 2AiArzA
SAAVAaPEl £AFLAR PAEAAEAVAEPA CAPAAIUAYAEAAR ©IAO
PEAIOAVAUAARAAC®E £ALAA F A2AAw ¥AVASPEl A» 2AiArzA
£AAVAQA F2AgA MAZAA  ¥AaawAIAAEAAR  EAEAA
PA-AYj*PEAYAFVEUAEE.

"sAVZAgAgA A»/ JQAUEE °E EagAYEA UAAgAAVAA

A» [ JQAUEE °E"EagAYsEi UAAgAAVAA

AQéezAgAgA A»

,A» [ JQAUEE °E'EagAYs£A UAAGAAVAA
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vAoCiPAjAIAA °EA AgAA 2AAVAAU A»

AUYVA 2AAVAAU CEAAPA

CEAAPA

AUYA

eEEIEMUEUI mEEEmMIE WOEAIE& Ml oEES Si aED xEqQEIIE
OOEDmME- 2 qEKENgQEAWO qEAC UEU zEMIUUE AEzeU UEU MAal
MEA&OGSEAO CxE NOEAOA( MUhEEACMD gEESEE!
XECZrEE CXEMUE XECOECKE - LMu XxEESE MUE WOExXmEIOOSE gEA&C
IMUrEE aErEE xEEqEOQIWOMU AprEEXEC¢UQE
AprEEXEMUE E-8zE AEseU WAOIEN
CxE XECzEES&KEIE AprEXEQEAC UEU zEMIUUE AE=s=U UElU qE&C
msE&OesEAO0 CIE NOEAOA&(G MUhEEACMiUD XECZrEE/QEESEE CXEMIE

XECOECKE YrEE Weeli rEW0 eEEIEMUEUI mEEEmMIE MUUIEE rEWG Weed!

v

CxE AprEEXE¢UQE M&u mE&gENZE xECzEE&KEMU 37,

AEzU ExEMai gEEaEiSzEiMu QOQE.

OOEDmME- 2 oEKENgEAWO UE&aEIrfEEAC QE&AC UEU QE&C

msE&O&sE&00 MAal NOE&OAl MUhEEACMUD xECZrEE! qEESEE AEseU
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UEUZEMIGUE CXEMUE YrEE XECOEKE Wael CXEMUE AprEEXE MUUIEE
Weel! qEKENQEACWO Mai UE&aEIrEEAC qEAC MiUgE U£i zEMIUUE
WOEAIEA MUD uEeEWGOXE& U£U UuEEIWGIEIrEEAC QE&C, IMUXE
MEEMUEUXE& EIEMai qEEaEi qEAC mEEIIEOECKE IIEQEEIhE WOEAIEE
Weell CXEMUD eEEIEMUEUI WOEXEISE MUUIEE AEaU mEEEJEIQEMU
IX[EIEqQEAC CxE mEEMUEU MA&i mEEIEOECKE IIEQEEIhE WOE&IEAmEU
MiEalEXEA EmECEEU MUUIEE Weeli, CXEMUD eEEIEMUEUI WOEXEISE
MUUIEE Weed!
mMEKSIE

CxE AprEEXE qE&C AEmME rESI xEEIQESE WOE&E&4 Weel iEE&
AEMEMUE& AEmMEMAl oEEU& qEAC eEEIEMUEUI mEONQI eEErE&aEl
AE&U uEz+IMirE eEECCE MilUMail AEseU U£UQEAC msE&OesEAO00 Maii
NOE&OA&l MUhEEACMUD XxECZrEE AEaU U£izEMIUUE CXEMUE XECoEKE
Mai oEEUA gqE&AC XxECZEEAKEIE IMUrEE eEErE&aEE!
KEEAMUE AEseU qENIEETUE

CxXE AprEEXECUQE qEAC KEEAMUE IEW(T Waed!
mErEEIrE

CxE xECzEE&KEIE AprEEXEqQEAC AEmME ZENS xEqqEISEiE WOE&
XxEMUIEA Wael! AEME CxE AprEEXEqEA&C xEqqEISEIE IEWGI WOEAIEE
cEEWGIEA rEWQ( pEl AEmE OEIEE xEMUIEA Weed! rEIS AEmME CxE
AprEEXEQEAC ZENS xEqqEISEiE WOE& aErE& iEE& AEmMEMUE& CxEMAU
OEES pEl gqEIEqEAC zZECMUE EimE3E WOEA aErEl iEE&4, AEmMEMUE IEEQE
CXE AprEEXECUQE xE& AEME MUQE MU xEMUIE& Wael! CxE IIEhEITE xE&
AEMEMUE& pEIuEZrE qEAC IgESEIEAUEESEA uEa+IMUrE gESIE AJEUEE

XEAUEEAEA&C mEU MUE&C AxEU IEWQOI WOE&aEE!
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rEWO AprEEXE XxECzEE&KEIE MUpEl pEl XxECzEE&KEMI
MUUIEAUEESEA 3TYOOU rEE CxEMAl mEErEE&eEMi, CXEMUEA xEqEEmIE

MUU xEMUIE& Weel! rEST AEmE CxE AprEEXECUQEXEA xEqqEISEIE IEWGI
WOE&IEA IEE& pEl AEMEMUE& CxE eEaEWQ xE& rEEsearE uEaexIMUrE
ICEIMUIXEE IqESE&aEl!
aEE&mEIIErEIEE

CxE XxECzEES&KEIEQEAC AEmMEMAU 2EUE mEEEmIE MiD WOOD
eEEIEMUEUT MUEIEOIE Méaii gENIEEIOEMU aEE&mEIIErE UZEI eEErE&aE!
CXE XECzEE&KEIE AprEEXECUQEqEAC AEMEMUEA LM MUE&Q( IECOEU
ISTEE eEErE&aEE AE&U MUEAQUO IECOEU IMi gESIE xE& AEMEMID
MEWUOCEEIE MiuP eEErEdaEll CxE AprEEXECUQE QEA&C IgEsSEl WOGD
eEEIEMUEUI mE&IXEKSI qEAC aEEAmMEIIErE UZEI eEELaEI.
XECXjEEMUE rEE mE&rEE&eEIE MUUIEAUEESES MUE WAGIEN

CxE xECzEEA&KEIE M&l isEL rEW0 sEEaEQ IEWQOT Waed!
AEmMEIE& SI WOOD xEQQEIIE rEE xEqQEISEiE IE WOE&IEA Mub
mE&I¢UrEE

AEMEMUE CxE AprEEXE EAC xEqQEISEliE WOEAIEE AEmMEMA
EmEU IIEpEiIU MUUIEE Waeel, AE=U AEmME CxE xECzEEAKEIE
AprEEXEXE& AEMEMIUE IEEQE IMUXEI pEl XEQErE MUQE MU xEMUIE&
Weel!
XElqqEISEIE ~ WOEAIEAUEESE4 MUE& IgESEIEAUEESElI  AEIEIMU
XEWQOErEIEE

CxE AprEEXECUQE QqEAC XxElqqEISEIE WOEAIEAUEESE& MUE&

MUEAD pEl AEIjEIMi xEWGOErE EE rEE CIEEQE IEWQI IqESE&aEE!
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AprEEXE Mau IIEwWMUwWET mEEIXEkS MUUIE& Mal AEIKEMUEU

CxE AprEEXE Mau IIEwWMUWET Mai Mai. LsE C rENIIEuWGIXEOG
OE&sEaEEQE MUE& pE&eE& eEErEdaE& AEeU CxE AprEAXECUQE MUE&
mMEEEmMIE MUUMAU iEJEE EXEMUE& mEgIxEkSI SaMiU LgE. Qal. mESuEl
mEEEmMIE MUUIEE rEW0( LMU CXE XECZEEAKEIE MUE IWOxXEE Wae(!

XEqqWOQIEIMUE IEQENIEE

qEee CxE AprEEXE qEA&C, IIECE& IMirE4 WOOL qEaUa IsErEa
SsEEaEO WOEAIEAUEESE& sEEDIEUEU xEWQI MUUMal xuECQE CxEQE&C
pEEaE sE& UWOE WOCQ! qEeeC CxE AprEEXE ¢UgE xE& MUpEl pEl,
IMUXET pET uEEU gENAEU WOE XEMUIEE WOC(! gEaeIES qEAU& MUEAD pEl
MUEIEOIEI AIKEMUEU CxE xEqgEIE IEqEOIEAMEU yxiEEREU MiUMAU
IEWQI aEqEErE& WOOL Weel! qEaeC IIECEA XxEWQI MUUIEAUEESEE rEWQ
OoEIiEEIEE NOEWGEE WOCO IMi, rEWQ |IEQENIEE ATUEQEi gEzCIE&
MEROMUU xEQEfEErEE aErEE Wael AEaU qEOfE& qEAUl pEEWEEQEAC
rEWQO xEqEfEErEE Wael AEseU qEAUE mEOQUE zECMUEXEQEEKEEIE
IMUrEE Weel! gEOfEA CxE IEQENIEE ATUEQET MiD MUEmMET Si aED Weed!

AprEEXE QE&C pEEaE SEA&IEAUEESEEAC MuDP rEE EXEMUD
IEUTUXE& ExEMAau mEEgIEIEIKEIUE MUUIEAUEESEA MUD xEW(GI/OEErES
WOxIE Mai ACaENOA&OMIE IIEZEEIE

AprEEXE qEaC pEEaE SEAIEAUEESE& MUE |[EEqQE

pEEaE sEAIEAuEESEAMUD XxEWOI/OEErEA WOEIE MAau ACaENPAIMU

IIEZEEIE:

XEEREISEUMUD xEWQI:

XEWQ[ rEE oEErE& WOEIE Mau ACaENP&IMu

IIEZEEIE:;
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XECzEE&KEIE MUUIEAUEESE& MUE |[EEqQE AEaeU

XEW{T:

ISIEECMi AEzeU XxjEV(/eEaEW{:
IEEUIZE:

XjEVO/eEaEWQ

gEEIWGIEI I(QEVOESrEEIECIEU ISSE&SEl xEWOQEIE

OOEDME-2 gEKEOQE&AWOEQEKrE& Ufu zEMIUUE AEIhE UE£UEIEISE
msE&0esEA00 rEE NOEASE MUhEECE|I qEESEE! xECZrEE rEEqEKEISE
XECOECKE- LMU uEWEEICEE WOE&xmEIOOsSEqEKEISE xEEqEQIWOMI
AprEEXECUQE
AprEEXEECEE E-8zE uE WAUGIEN

WOE xECZEESKEIE AprEEXECUQE U£U zEMIUUE uE UEUEIEISE rEE
NOE&ASE MUhrEECEl XECZrEE rEECCrEE xECOECKEICEl gEEWAQIIEN
mEEEMIE MUUhE& AxXEE AEWAQ. rEE AprEEXECUQEECE& mE&qENZE

XECZzEE3KEMI Er - AEIhE
irEECE& qEEaEISZEIMU 37 W&l AEWADIE.

OOEDME-2 qEKEOQEAW AxXESE&srEE UE&aEEcrEqEKE& UEUEIEISE
msE&OGSEAOUCrEE NOE&SE MUhEECEI XxECZrEE! gEESEE UuE UEQ
ZEMIUUE rEECCEE XECOEKE MUErE AEWA&(. rEE XECoECKEICEE WOE
AprEEXECUQE AEWA&0. oEKENQEAWOECrEE UE&aElgEkrE&A  MUQEI
mEEQEEhEEIE UEU zEMIUUE fEESrEEQENVAD UEUUEEIWOhrEEQEKrEA
MUE&AhEIrEE AQQOCEhEI IMCUUEE IoEbEEQG WOEAuEO zEMUEIEEIE
irEEIUEZErEl AEQWOEXE ACSEeE MUUhrEEXE QESIE IQEV0IEA AEIhE
MEEEJEIQEMU  AuEXJE&IE AzEE mEEMUEUCE& IoEbEEQO IMCUUEE
AQUCENhEI IIEQEEThE fEESrEEUEU MUE&hEIEA EmEErE MUUEUE& WAQ
XEqEeENIE rE&DSE.

ME®IE[
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rEE XECzEE&KEIE AprEEXEEIE EOqWOI XxEWQOQEIEI XxEECaEiE
AXEESE iEU, iENgECrEE IuEWErEicEE mEOUEEICIEWOEXE IUECEEUSEE
eEEDSE uE iENQECEI uEaexIMUrE IEmEEXEhEl MAaiusEl eEEDSE AEIhE
UEUEQEKEISE msEAOUsEAOUCrEE NOEASE MUhEECEI xECZrEE! qEESEE
uE UEUEIEISE XEEZEU rEECrEEXECOECKEI xECzEESKEIE MaisEa
eEEDsE.

KEEAMAU uE TUErESa

rEE AprEEXE ¢UQEEQEKrE& MUEShEIEAWGI KEEAMAL IEEWIIE.
mErEEIrE

rEE XECzEE&KEIE AprEEXEEQEKE& ENgwal  xuEiE:WOOIE
XEWOEpEEaEl WOE&AUEO zEMUIEE. iIEOqWQI rEE AprEEXECUQEEQEKrES
XEWOpEEaEl WOE&IE IEEWQI AXE& XEN®E xEECaEOQ zEMUIEE. eEU MUE
iIENgWT xuEiE:WOOIE rEE AprEEXECUQEEIE XEWOpEEaET fEESEE AXEESE
|IECIEU iENgECrEE QqEIEEIE iENgECE& IEECUE rEE AprEEXEC¢UqEEIENIE
MUEROUIE CIcNOIE AXEESE iEU iE& xEN®E iENgWal MUA zEMUIEE. rEE
iIENQEECrEE 1IEhEIrEEQENVAQD ENQWOEXE pEIUEZrEEIE [IqEVOhEEUI
uEse+IMUrE qESIE IMCUUEE XEAuEE rEEUEU MUE&hEIEEW(I mEUIhEEQE
WOEAhEEU IEEWI.

WOE AprEEXECUQE MUE&hEIrEEWGI  uEaval xECzEE&KEMI
MUUhEEUA 37YO0U IMCUUEE rEE MUErEi¢UgEECEA mEErEE&eEMU WA
WOE AprEEXE¢UQE oECS MUA zEMUIEEIE. eEU iIENqWQI rEE AprEEXEEIE
XEWOpEEaEl WOE&IE IEXEESE iEUI xEN®E iENQWOEXE rEE IPOMUEREI
rEE&arE iE& XECmMEOE( uEa+IMUrE EmECEEU IgEVQIEISE.
aENmM"EIEE

rEE XxECzEEA&KEIEEqEkrEA iIENQECrEE XECSPEEIE IqQEVOUESEASEI
qEEWQIEI WOl MUErE+EcrEE iEUIENSIIENXEEU aENmIE PAGuEhrEEIE
rEADSE. rEE xECzEEA&KIE AprEEXECUQEEQEkrEa iENQWOEXE MUE&QQ
IECOEU S&uEOIE iENgECEI AEAVOZE MaisEl eEEDsE. rEE
AprEEXECUQEEQEKIEA IQEVOUESE&SElI qEEIWO'El mEEIXEKS MAUSE]
eEEDsSE. mEUCIEN iENgQECE4 I|EECUE uE xEWOpEEaE WOE rEE
MEEIXE®IMEEXEOIE aENmIE PAGUENrEEIE rEADSE.

XECXjEECE&/mEErEE&eEIE MUUhrEEUECES KEEAUEhE
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rEE xECZEEA&KEIEEXE WAl sEEaEQ IEEWI.
XUEIE:WOUOIE  ISsE&sEl xEWOQOQEIEl  IMCUUEE/XEWOEpEEaEl |E
WOEAhrEECEI ¢UIrEE

iENQECEE rEE AprEEXEEQEkrE&4 XEWOpEEaE WOE xuErECpEO
AXE&sE AEIhE rEE AprEEXE XxECzEEAKEIEEIEOIE iENqW0OI AEmMESE&
IEECUE MUEAhEIrEEWQI EhET MUEROUIE bE&F ZEMUIEE.
MUErEi¢UQEEIE pEEaE bE&IESrEEOE-SEE IgEVOhEEUI AEIEIMU qESIE

rEE AprEEXECUQEEQEKrE& pEEaE bEA&IEsrEEOE-sSE iENQWOEXE
MUE&hEIEIWGOI  AEIEIMU gESIE IMCUUEE pE&OO uEXxiEN SahrEEIE
rEAhEEU IEEWQI.

AprEEXEECE& IIEWMUWET MUUhrEEcCE& AEIKEMUEU

rEE  AprEEXECUQEECE& IIEwWMUwWEI WA&ad Mai. Lse. D
rENIIEUWQIXEIOOT oEAVOaEECUE rEECIEE mEEPQOIUEhrEEIE rE&IEISE uE
WOE AprEEXE¢UgE iIEmEEXENIE uE mEEIXE®IXE S&FIE LgE Qail. wal

mESIUE mEOhET MUUhrEECEE WOE LMU AEQECEE pEEaE AEWAQ.

XEWQOQEIEICEE IEQENIEE
qEl rEE AprEEXECUQEEQEKIEA ZEESE| ISSE&srEE XxECOECKEIE
UAWEAuEU xEWQI MUAIE xuEiE:WOUOIE pEEaE bE&IE AEWA&D. qEl rEE
AprEEXECUQEQEKEOIE  MUEA&hEIrEEWQI  uE&Val  gENEG  WOEAuEOD
zZEMUIEES. gEl gEEfE& MUE&hEIEAWGOI MUErESazEIU AIKEMUEU rEE

XEWQOQEIEIcrEE  IEQENIFEEUEU  xEWQOI  MAUSrEEIEA  aEqEuEOIE
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OEXESE&sEEA IEEWQI. qEl ZEESEI xEWQOI MUUhEEU xEECaEIiEE& MU,
WOE xECmEOhNEi IEqENIEE TUEQEi qEl uEECEOIE mEEWQISEE AEWAQ
IMCUUEE QESEE iEE& uEECEOIE SEZEIUESEE AEWA(0 uE qEEfrEE
PEEWEAQEKIE& IEE& gESEE xEqEeEEUEOQIE xEECIaEiESEE AEWA(O uE
qEEfE& XECMENNET ZECMUEXEqEEKEEIE fEESE&SE& AEWA&Q. qESEE rEE
IEQENIFEE TUEQET cEl MUEAmMET SAhrEEIE rE&ADSE.

rEE  AprEEXECUQEEIE pEEaE  bE&hrEEArEEiICEl  IMCUUEE
irEECrEEIETAI irEECE& mE&IiEIIEKEIUE MUUhrEEArEEICCEI
XEWUQI/QUOEUrEE WOEIEECEE ACaEPQOE

pEEaE bEAhEErEEICEl XEWQI / QUEUrEE WOEIEECEE

ACaEPQE:

XEWaI IMCUUEE QUOEUrEE WOEIEECEE ACaEPQE:

XEEoEISEUECEI xEWQI:

XEWaI IMCUUEE QUEUrEE WOEIEECEE ACaEPQE:
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Annexurell — Proforma

PREFORMA FOR STUDY OF RELATIONSHIP BETWEEN HBA1C AND
MEAN PLATELET VOLUME INTYPE 2DIABETESMELLITUS

PATIENTS-A ONE YEAR CROSS SECTIONAL HOSPITAL BASED STUDY

1. Serial number:

2. Name:

3. Age

4. Sex:

5. Date of admission:

6. Religion:

7. In patient /Out patient number:

8. Address:

9. Occupation:

10. Date of discharge/Outcome:

Chief complaints

History of presenting illness (Including history specific to Type 2 DM)
Past history

Treatment history

Received any treatment for similar complaints in the past

General physical examination

Pallor: Yes/No
Icterus: Yes/No
Lymphadenopathy: Yes/No
Edema: Yes/No
Markers of Insulin resistance (Acanthosis Nigricans): Yes/No
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Vital signs

Pulse:

Blood Pressure:

Respiratory rate:

Temperature:

Systemic examination

Respiratory system:

Cardiovascular system:

Per abdomen:

Central nervous system:

Investigationslike

1.

2.

Mean platelet volume:

Haemoglobin

Urea:

Creatinine:

Fasting blood sugar:
HbA1c

Fundoscopy

ECG (if required)

Annexurell — Proforma
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Annexurelll — Key To Magter Chart

ANNEXURE Il -KEY TO MASTER CHART

A - Absent

AB - Abnormal

B - Both Ora hypoglycaemic agent and insulin
B/L - Bilateral

BP - Blood pressure

bpm - Beats per minute

DLM - Diet and lifestyle modification
DOA - Date of admission
DOD - Date of Discharge
ECG - Electrocardiogram

F - Female

fL - Femto Litre

gm - Gram

Gr - Grade

HTN - Hypertension

IN - Insulin

LL - Lower limb

Lt - Left

M - Male

mg/dL - Milligrams per deciliter
min - Minute

mm Hg - Millimeters of mercury
N - Normal
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Annexurelll — Key To Magter Chart

ND - Newly detected

NPDR - Non proliferative diabetic retinopathy

O - Ora hypoglycaemic agent

P - Present

Pr - Poor

PDR - Proliferative diabetic retinopathy
RET - Retinopathy

Rt - Right
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Systemic

Chief complaints History General physical examination " Investigations
examination
Diabetic Past | Personal | Treatment Vital signs
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1 |779865| 60| F [Housewife Giddiness 8 20[|P[A|JA|JA|A|JA|A[A| B G|A|A|JALA A 78 [100[{ 70| 16 N | N | N [AB| N [11.1] 8.2 |19.9| 63| 2.2 [186|B/L PDR AB [1 January 2017 03 January 2017
2 |780665| 71| F |Business Giddiness 4 [IND[|A[A|P|A|A|JA|A[A|IDLM|G[A|A[A|A A 80 |110{ 80| 19|AB|AB[AB|AB| N [115 8 | 6.7]35| 1 [110(B/L Gr2HTN RET with Rt eye moderate NPDR |AB |1 January 2017 17 January 2017
3 [778906| 50| F |Business breathlessness 30 |I5|A|A|P[A|A[A|A|A|IDLM|GJA|A]JALA A 84 1106| 60| 16| N| N [AB| N| N [11.9/114]| 7.6 | 62| 2.2 [114(B/L Gr 3HTN RET with Moderate NPDR AB [18 January 2017 24 January 2017
4 1785981 42| F |Housewife |Chest pain on and off 9 [ND|A|A[AJA][A|A|A|A|DLM|G|A[A[A]A P [ 88130/ 70|14 N [AB| N| N[ N [12.0[{10.2|129| 16| 1 |114|N AB |30 January 2017 06 February 2017
5 [787740| 70| F |Housewife Loose stool, vomiting 5 11| P[A|P|A|A|A|A[A]| B |Pr[A[A[A|A A 76 [130[ 70 [ 14| N | N |AB| N | N [125| 92 [12.8| 46| 2 | 96 |Left eyemild NPDR AB |9 February 2017 03 March 2017
6 |788577| 49| M |Business B/L LL swelling 30 [20| P|A[P|A][A|A|A|A| O |G|A|A[A]A P [ 88140, 70| 14| N[ N| N| N[ N [135]/ 98] 12 | 65| 2.5 |120|B/L Gr 3HTN RET with B/L mild NPDR AB |13 February 2017 |05 March 2017
7 |775608| 47 | F |Housewife B/L LL swelling 90 | I0JA|JAJA[AIA[AIAIA] IN | GIAIALJALA A 76 [110[{ 8018 N| N| N[ N| N [128| 84 | 7.6 | 17| 0.6 |180|B/L Moderate NPDR AB |15 February 2017 |24 February 2017
8 |789853| 46| M |Unemployed |Generalised weakness 120 |05| P[A|A|A|A|A[A[A] O [G|A|A]JA|A] A 78 {110/ 80| 16({ N| N| N[ N | N [13.0] 9.8 [13.4] 25| 1.4 [118|B/L Macular oedema N [20 February 2017 24 February 2017
9 [789819| 72| M |Retired Breathlessness on exertion 120 | 15| P|A[P|A[A|A[A|A] B G|IA|A|JALA A 76 [130[ 70| 14| N |AB|AB| N | N [13.1] 9.2 | 7.3 [125] 5 | 95 |Rt eye moderate NPDR with Gr 2HTN RET AB |20 February 2017 |03 March 2017
10|792389| 55| M |Farmer Loss of appetite 14 | 6 [P{A|A[A[A]JA]A|JA] IN |G]A]|A|A|A] A 88 |124| 70| 18|AB| N[ N | N | N |13.3| 9.4 |12.5|/ 65| 3 |114|Rt. Eye moderate NPDR N _[6 March 2017 16 March 2017
11 |792446| 72| F [Housewife Fever with chills 2 10| P[A|JA|JA|A|A|A[A] O |G[A]JA[A|A A 98 [130[{ 90 [ 14 N| N| N| N[ N [129] 83| 81 [95| 3 [110|B/L Eye moderate NPDR AB |6 March 2017 17 March 2017
12 |794629| 29 M |Farmer Chest pain 7 7|A|A[A|A|A|A|A|A| O |G|A|A[A]A P 60 [122( 8014 N| N[ N[ N| N |134| 75[ 6.3 | 21| 0.6 [180|N AB |17 March 2017 20 March 2017
131796013 74| M |Business Breathlessness 65| 3|A|A|P[A[A[A|A|A|IDLM|GJA|A]JAL]A A 82 1140/ 90| 18| N| N [AB| N| N |13.8/ 93| 75]29| 1 |190|B/L severe PDR AB |24 March 2017 14 April 2017
14 |795974| 48| F |Housewife |Chest pain 1 3| P|A[A|A|A|A|A|A| O |Pr|A|A[A]A P [ 88130/ 90|20 N[AB| N| N| N [11.6] 98| 8.6 |22 1.2 |128|B/L mild NPDR N [24 March 2017 27 March 2017
15 |797192) 46| M [Farmer Fever with chills 20 IND|AJA|A[A[A[A|A|A|IDLM|GJA|A]ALA A 86 1120/ 80| 16| N| N [AB| N| N |14.0/ 85| 7 |31] 1.7 |116/B/L mild NPDR N [31 March 2017 08 April 2017
16 |797443| 59 | M |Service Pain abdomen 1 8 |A|A[P|A|A|[A|A[A| IN |Pr|A|A[A]JA| A 70 110/ 80|18 N| N | N[ N |AB|13.9] 87| 10 | 50| 2.2 [124|B/L Gr 1 HTN RET with mild NPDR AB |1 April 2017 04 April 2017
17 [797609| 42| M [Farmer Multiple joint pain 15 IND|A[A[A|A[A|A[A[A|IDLM|G|A|A[A|A A 68 |110[{ 70| 18| N [AB| N| N | N [13.1] 98 110.6f 23| 0.7 [112|N AB |3 April 2017 08 April 2017
18 |797674| 70| M |Service Tingling and Numbness 8 IND[P|A|A[A[A|A|A|A|IDLM|G|A|A|A[A]| A [102{240/ 80|18 N| N| N |AB| N [13.6(10.4|14.6| 45| 1.4 |118|B/L mild NPDR AB |3 April 2017 08 April 2017
191798098 40| M |Service Backache 2 4 [AJAJAIA]IA|A|IA|IA] O [G|IA[A|A]A P 90 [140[/ 90 [ 18| N| N| N[ N| N [134| 95| 82|21 0.9 [189|B/L mild NPDR N[5 April 2017 11 April 2017
20|798558| 60| F |Housewife |Chest pain 15 | 2 [ PIA|A[A[A]A|A|A] O |GJA]JA|A|A] A 68 [110( 70| 18| N JAB| N[ N | N |11.8/11.4| 7.8 | 23| 0.7 [180|B/L SENILE IMMATURE CATARACT AB |7 April 2017 08 April 2017
211798642| 50| F [Housewife Headache 2 5 |A|A[A[A[A[A|A|IA] O |GIA|IA]JAL|A A 80 |140{ 80 18| N| N[ N| N| N [115/11.4]| 87| 24| 0.6 |[200(B/L Gr 1 HTN RET AB |8 April 2017 10 April 2017
221798671 70| F [Housewife Bilateral knee pain 7 10| P[A|P|A[A|A|A|A] O |Pr]AJA|P|A A 84 1160[ 90| 18|AB| N[ N[ N| N [12.1)10.2]10.6]| 63| 1.6 [168[B/L Gr 3HTN RET with moderate NPDR AB |8 April 2017 13 April 2017
23799459| 50| M |Service Dizziness 1 5 |A|A[A[A[A[A[A|A] B G|A|A|P|A A 84 1126| 84| 16|AB| N[ N[ N | N [13.2) 87 |13.9| 16| 0.6 [132(B/L moderate NPDR N [12 April 2017 19 April 2017
24 1802276| 57| M |Service Fever with bodyache 2 10| P[A|P|A[A|A|A|A] O |PrIAJA|ALA P 90 [140( 90 [ 20[{AB| N | N [AB| N [138] 9 | 7.6 | 48[2.76[148|B/L mild NPDR AB |24 April 2017 29 April 2017
251663446| 63| F [Housewife Right knee pain 7 10[P[A|P|A|A|A[A[A] O |G[A]JA[A|A P 90 [150{ 80| 18[AB| N| N[ N| N [(125]| 82 [11.8[ 21| 0.6 [ 98 |B/L Gr 1 HTN RET with mild NPDR AB |27 April 2017 01 May 2017
26 1802423| 40| F [Housewife Fever 4 1| P[A|P|AJA|A|A|IA] O |G|A]JA|A|A P 82 |152| 90| 14| N | N [AB| N | N |11.6/ 9.8 |10.3] 22]0.57|127|Rt eye mild NNPDR AB |28 April 2017 29 April 2017
27 1805464| 65| F [Housewife Fever 4 6 |A|A[A[A[A[A|A|IA]| O |GIA|A]JAL|A P [110(104| 80| 22[AB| N |AB| N[ N [11.1] 11 [13.5] 18 0.52|150|B/L moderate NPDR N |16 May 2017 23 May 2017
281805808| 46| M [Unemployed |LL stiff 1 5| PIA|JA[A|A[A[A|A] IN |G|A|P[A]A A 88 1140{ 80| 16| N| N[ N |AB| N [14.1)10.1] 9 | 22| 0.9 [182|N N [17 May 2017 20 May 2017
29 |806329| 54| F [Housewife Backache 2 5| PIA[A[A[A[A|A|A] O |GIA|A]JA|A P 64 (986014 NI N|N|NJ|N/J110[{ 8 | 8122 0.8 138|B/L moderate NPDR N |18 May 2017 24 May 2017
30 |806555| 59| F |Housewife Micturition 7 5| PIA[A[A[A[A[A|IA] B G|[A|A|[P]|P A 86 1106/ 80| 18| N| N[ N| N|AB|12.0 10 | 6.9 ] 18] 0.5 |[128(B/L mild NPDR N[22 May 2017 26 May 2017
31 |807087| 40| F |Housewife Headache (Left sided) 8 4 [PIA|JAJA|A|A|IA|A]l O [Pr|A[A|A]A P 78 1140{ 80| 16 |AB[ N[ N| N| N [12.3] 9.8 111.3[ 28| 0.6 [176|N N |24 May 2017 29 May 2017
32 810530| 54| F |Housewife Breathlessness on exertion 120| 5 [P|A|P[A|A[A[A|A] IN |Pr[A|A[A]A A 72 1156/ 80| 16| N |AB|AB| N | N [125] 95| 14 | 26[0.98|156|B/L severe NPDR AB |9 June 2017 14 June 2017
33 /811469 43| M [Professional | Pain abdomen and vomiting 2 5| PIA[P[A[A[A|A|A]| B |Pr]A|AJA|A P 78 [134/ 8016 N| N| N | N |AB[145| 8.7 |12.8] 41| 2.5 | 98 |Rt eye Gr 1 HTN RET with moderate NPDR AB [16 June 2017 19 June 2017
34 1811629| 70| F |Housewife Sore throat 2 5| P[AJA|A[A|A|IA|IA] O |G|IA]JA|ALA A 64 (986018 NI N| N|[NJ|N/(124] 69| 6.1 |40 0.5 [156|B/L moderate NPDR N [17 June 2017 18 June 2017
35 811747| 65| F |Housewife Fever with chills 5 6 |A|A|[P[A[A[A|A|A]| O |GIA|A]JAL|A A 1°100/160| 98 | 14|AB|AB|AB| N | N |11.6] 8.3 | 10.3|127| 4.07|124|B/L moderate NPDR with Gr 1 HTN RET AB [17 June 2017 21 June 2017
36 /811654| 60| M [Farmer Giddiness 4 IND[A|A|P|A|A[A|A|AIDLM|G|A]JA|A[A P 78 [146[ 80 [ 22 NI N| N[ N[ N [142] 87| 9.7 [ 40| 2.4 |156|Lt eye mild NPDR AB |17 June 2017 21 June 2017
37811911) 48| F [Service Fever 90 2 |A|A[A[A[A[A|A|A|IDLM| G|A|A|A|P P 82 |1130{ 80| 24|AB| N[ N| N|AB|11.2| 11 | 15| 40| 1.1 |175|B/L severe NPDR N 119 June 2017 28 June 2017
38811959| 54| M [Service Routine check up 0 4 |PI|A[P|A[AJA|A[A| O [Pr|A[A]A]A P 82 1150{ 80| 16| N| N[ N [AB| N [13.1) 98] 98|26| 1 [250{RteyeGr3HTN RET AB |19 June 2017 29 June 2017
39 |812517| 68| F |Housewife Breathlessness 7 13|A[A|P|A|A|JA|A[A| B G|IA|A|ALA P 82 1144|8014 N| N [AB| N| N |11.3| 8.6 | 7.7 | 4711.34|186(B/l mild NPDR Gr 3HTN RET AB [21 June 2017 25 June 2017
40 |813107| 45| F [Housewife  |Tingling and Numbness 30 5| PI|A|P[A|A[A[A|A] O |Pr[AJA[A]A P 78 {156/ 80 15 N | N| N [AB| N [11.8| 8.7 |17.3]| 17[0.42[184|B/L Gr 2 HTN RET with mild NPDR AB |25 June 2017 08 July 2017
41 |813337| 53| F |Housewife Dry cough 4 [ND|P[A|JA|JA|A|A|A[A|IDLM|G[A]JA[A|A P 68 [110/ 60|16 N | N |AB| N| N [11.7] 99 [13.7| 76 [ 3.4 [114|B/L moderate NPDR (Rt > Lt) N |27 June 2017 28 June 2017
42 1813422 47| M [Business Chest pain on and off 3 5| PIA|JA[A|A[A[A|A] O |Pr[AJA[A]A P 72 (102( 80| 18| N [AB| N| N| N |13.0{ 9.8 ]| 9.5 | 29[0.78|178|B/L moderate NPDR AB |27 June 2017 29 June 2017
43 |877508| 67| M [Business Seizures 4 8| PIA[A[A[A[A|A|IA] O |GIA|IA]JALA A 64 |118[ 80| 16| N[ N[ N| N|AB|139/ 73| 6 [60] 2.8 |98 |N N |27 June 2017 30 June 2017
44 1813857| 61| M [Unemployed |LL pain 7 16| P{A|A|JA[A|A|A|A[ B G[A[A[A]A A 80 [110{ 70| 18|AB| N[ N| N| N [14.0 84 | 92| 19| 1 |180(B/L mild NPDR N [29 June 2017 19 July 2017
45 |814275| 60| F |Housewife Upper abdominal pain 1 14| P[A|P|A|A|JA|A[A| B G|IA|A|JALA A 72 152 96 [14[ N| N| N[ N |AB[11.6| 96| 7.5 | 43[1.42[128|B/L mild NPDR with Gr 1 HTN RET AB |1 July 2017 15 July 2017
46 |814436| 62| M |Service Exertional dyscomfort 1 10| A[A|P|A[A|JA]JA|IA[ IN |G|AJIA|A[A A 86 [148/ 90| 18| N |AB[AB| N | N [13.8| 9.8 | 8.2 [ 68|1.57|128|B/L Gr 2 HTN RET with Rt eye moderate NPDR _|AB [3 July 2017 11 July 2017
47 [813757| 47| M |Farmer Dry cough 7 |25 P|A|P|AJAJA|IA|IA[ IN [G|IA[A|A]A A 80 |156| 88| 18| N| N [AB| N| N |13.1] 9 | 6.7 ]| 26| 1.4 |148|B/L mild NPDR AB |4 July 2017 15 July 2017
481815318 70| M [Unemployed |Generalised weakness 14 [1I0|A|JA|JA[A[A[A[A|A] IN |GIA|A[A]A P 76 [100[ 8818 N | N| N[ N| N [135] 97| 6.2 21[1.40(124|Gr 1 HTN RET N |6 July 2017 10 July 2017
49 |815581| 65| M [Business Generalised weakness 30 | 10| PI|A|P[A[A[A|A]IA]| O |Pr]AJA]JALA A 78 [156[ 94 [14[ N | N| N[ N [AB[13.3] 82 [10.2] 24| 1.5 [196|B/L PDR (Rt > Lt) with Gr 2 HTN RET AB |8 July 2017 10 July 2017
50 [815548] 69| M |Professional |Headache (Left sided) 7 4 |PI|A[P|A[AJA|A[A| O [GIA[A]JA]A A 82 [160[ 80| 16| N[ N[ N| N|AB|13.4]| 89 | 6.4 | 82|2.97|174|Rt eye severe NPDR with Gr 1 HTN RET AB [8 July 2017 27 July 2017
51 [815968( 54 | M |Farmer Bleeding per rectum 7 4 [A|A|JAIA]IA|A|IA|IA] O [G|A[A|A]A A 74 1110{ 80| 18| N[ N[ N| N| N [13.6] 76| 6.7 [ 24| 1.03[148|N N [10 July 2017 23 July 2017
52 [814861| 59| M |Service Tingling in both legs 14 4 [PI|A|P|AJAJA|IA|Al B [Pr|A[A|A]P A 80 [150{100| 18| N| N[ N| N |AB|[13.7) 87| 14 [ 18| 0.5 |165/B/L moderate NPDR with Gr 2 HTN RET AB [11 July 2017 12 July 2017
53 [816258( 52| M |Farmer Fever 14 IND|A[|A|[P|A[A|A[A[A|IDLM|G|A|A[A|A A 78 1162({100| 20 N[ N[ N| N| N [13.1] 96 ]10.8[ 48] 1.2 [138|N AB |11 July 2017 14 July 2017
54 (816317 50| F |Housewife Breathlessness 14 [25|A|A|P[A[AJA[A|A]| B |Pr[A|A[A]|P P 1110(180{ 92]|16| N [AB|AB| N| N |12.6] 9.4 | 13 [ 32| 0.7 |114|B/L Gr 3HTN RET with B/L mild NPDR AB [11 July 2017 18 July 2017
55 1816146| 40| F [Housewife Dry cough 2 IND[A|JA|P|AIAJA|IA|AIDLM|G|A[AA]A P 1112{90| 6424 N| NJAB| N[ N |123] 98 (129]| 16| 1.1 |114|N N [11 July 2017 15 July 2017
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56 |816842| 60| F |Housewife Lethargy 7 2 |A|A[P[A[A[A|A|IA] O |PrIA|A]JALA A 82 1106|8218 N| N[ N[ N| N |12.1| 9.1 |11.3] 63| 1.5 |114|B/L GrADE 2 HTN RET AB |14 July 2017 17 July 2017
57 [817104| 58| M |Service L oose stool 4 4 [PIA|A|JA[A|A[A|A]l B |G|IA]JA|A[A]| A [114|86|60|18 N[ N| N| N|AB|13.8/10.4] 13 | 30| 0.63|186|B/L moderate NPDR N |15 July 2017 19 July 2017
58 [818243| 55| M [Farmer Chest pain 7 4 |[A|A|P|A|A|A|A|A|l B G|IA|A|JALA A 78 [128[ 70 [ 16| N |AB| N[ N | N [13.6]/ 9.8 110.4| 43| 1.2 [104|B/L mild NPDR N [21 July 2017 28 July 2017
59 [818260( 65| M |Farmer Decreased appetite 60 | 200 PI|A|P[A[A[A|A]A]| O |PrIAJA]JALA A 68 [162[ 80| 16( N| N| N| N [AB[139] 83| 82| 71| 2.8 94 |B/L Gr 3HTN RET AB |21 July 2017 24 July 2017
60 [818429| 60| F |Housewife [Multiplejoint pain 4 |15 P|AJAJA|A|A[A|IA| B |[GIA|A[A|A] A [2112]224| 70|22 NI N| N[ N[ N |116] 8 | 6.6]35| 1 [174|B/L mild NPDR N |22 July 2017 25 July 2017
61 |818538| 42| M |Service Altered sensorium 1 2| PIA[A[A[A[A[A|IA] B G|IA|A|JALA A 76 1122( 86|16 N[ N[ N |AB| N [14.0/ 9.1 |110.2|[ 10| 0.6 [118|N N [23 July 2017 31 July 2017
62 [813453| 45| F |Housewife |Generalised weakness 14 | 2 [A[A|A]JA[A|A[A]IA] IN |[G|[A]JA]JA[A P 76 |100[ 70 |18 N[ N | N| N[ N |11.2{11.4|13.7] 30/0.90(110|Gr 1 HTN RET N |24 July 2017 28 July 2017
63 1818947| 60| F |Housewife |[Weight gain 90 6 | PIA[P[A[A[A|A|IA]| IN |G]IA|A]AL]A P 54 1176/ 90| 16| N| N[ N| N| N |12.2| 81| 9.8 | 40| 2.73|142|B/L severe NPDR AB |25 July 2017 30 July 2017
64 (819332 71| M |Unemployed |Dysuria 4 |10 P|A|P|A|A|A[A|A| B |G[A]JA]JA[A P 80 [100{ 60| 20| N| N[ N| N|JAB|145] 81| 7.9 [ 22| 0.8 |176/B/L Gr 2 HTN RET with moderate NPDR AB [27 July 2017 01 August 2017
65 1819439 55| M |Business Backache 60 IND|A|JA|A[A[A[A|A|A|IDLM|GIA|A]A]|P A 88 [120/ 90| 18| N | N[ N [AB| N [146] 9 | 74 ]119]| 1.6 |128|N N [28 July 2017 05 August 2017
66 [819575( 60| F |Housewife |Fever 2 4 |PIA|JA|JA[A|A[A|IA[ IN |GIA]JAJAJA]l A 82 [110/ 80| 16 |AB| N[ N| N| N [12.6]| 84 | 6.3 [ 47]0.98]|116/mild Rt eye NPDR N 129 July 2017 31 July 2017
67 1819990| 57| M |Business L oose stools and vomiting 2 4 [A|JA]JAIA]IAJAIA|IA] O [Pr]A[A|A]A P 86 [110/ 80| 16| N| N[ N[ N|AB[14.2[11.1| 9.7 | 46|2.39]| 98 [N N [31 July 2017 08 August 2017
68 [820097| 62| F |Housewife |Upper backache 7 5 |A|A|P|A|A|A|A[A|IDLM|G|A[A|A]A P 1100({122| 80| 18|AB[ N[ N | N| N |12.1]10.2| 8.6 | 18|3.52|124|B/L Gr 1 HTN RET with B/L moderate NPDR AB [1 August 2017 06 August 2017
69 [820616| 70| M [Farmer Aletered sensorium 2 5| P[A|P|A|A|JA[A[A] O |Pr[AJA[A|A A 76 104/ 6014 N| N| N[ N |AB[14.1] 83| 7.2 | 10| 0/67[146|Rt eye severe NPDR AB [3 August 2017 07 August 2017
70 [820803[ 65| F |Housewife |Backache N |I5|P|A[A[A[A[A]IA[A]| B |PrIA[A|JA]JA] A 64 (104 72|18 N [AB| N| N| N |11.4| 8 |16.4| 28| 1.7 |114|B/L moderate NPDR N |4 August 2017 09 August 2017
711822092| 56| F [Housewife Fever and cough 7 5| PIA[A[A[A[A|A|A]| O |PrIA|A]JA|A A 82 |124| 80| 16 |AB| N [AB| N | N [11.9| 84| 8.6 | 37| 1.6 [118[Lteyemild NPDR N |10 August 2017 15 August 2017
72 [755424| 65| F |Housewife |Breathlessness 20| 8| PIA[P|A|A[A]IA[A]| B |G]IA[A|A]JA]| A 86 [130[ 80| 18| N |[AB[AB|AB| N [12.0] 9.7 | 6.8 [ 38|0.57]|124|B/L Gr 2 HTN RET with B/L mild NPDR AB [12 August 2017 17 August 2017
731822941| 70| F [Housewife Fever with pain abdomen 4 M4 P[A|P|A|A|A|A[A]| B |Pr[A[A[A|A A 64 (104 60 [ 22[AB| N| N[ N [AB[11.1] 9.9 {14.4] 90 [ 2.36[176|B/L moderate NPDR (Rt > Lt) AB [15 August 2017 16 August 2017
74 (823045( 70| M |Service Breathlessness 60 | 4 |PI{A[AJA[A[A|IA[A| IN|G|A|[A]A]|P P 82 [100] 80| 16| N [AB[AB| N | N [13.3] 9.2 | 8.1 [ 32| 0.9 |150/B/L moderate NPDR AB [16 August 2017 21 August 2017
75 1823962| 46| M |Business Headache 7 8| PIA[P[A[A[A|A|A]| O |Pr]A|A|P|A A 80 [110/ 80| 18] N| N[ N [AB| N [14.2] 9.1 |10.7| 18|0.72]118|Gr 2 HTN RET AB [20 August 2017 24 August 2017
76 [824319( 70| F |Unemployed |Breathlessness 548 [ND| A|A|A|A|A|A|A|A|DLM[G|A|A[A]A P 88 [110{ 80| 18| N [AB[ N| N| N [12.0] 9.2 | 6.5 [ 27| 1.5 |140|B/L moderate NPDR N |22 August 2017 28 July 2017
77 1824958| 55| M |Unemployed |Retrosternal chest pain 1 4 [PI|A|P|AJAJA|IA|A]l O [G|A[A|A]A P 78 198[ 60|18 N |AB|AB| N| N [13.6] 76 | 65| 21| 0.9 [148|B/L mild NPDR AB [26 August 2017 30 August 2017
78 1825607 56| M |Service Itching all over body 4 6 |PIA|A[A|A[A[A|A]| B G[A|[A[A]A A 84 |110{ 70[ 14| N| N[ N[ N| N 132/ 56| 6.3 ] 21]0.74| 98 [B/L mild NPDR N [30 August 2017 01 September 2017
79 1826410| 44| F [Housewife Pain abdomen 3 1 | P[AJA|JA[A|A[A[A] O |G[A|A[A|A P 78 [110[/ 80|18 N| N| N[ N |AB[12.1] 10 [12.3] 10[0.37[110(B/L mild NPDR N [3 September 2017 |08 September 2017
80 |827126| 62| F |Housewife Generalised weakness 3 6 |A|lA|P[A|A[A[A|A] O |G|IAJA[AL]A A 78 [156[(100[ 18 N | N| N[ N| N [11.6] 9.8 11.9| 21| 0.9 [118|B/L severe NPPDR AB |6 September 2017 |08 September 2017
81 |812054| 65| M [Service Fever on and off 30 4 [PI|A|JA|A|A|A|A|A[DLM[G|A[A|A]A A 82 |110{ 70 [ 14| N| N[ N[ N| N |13.3] 9.8 |105| 65| 2.3 |212(B/L severe NPDR (Rt > Lt) N |7 September 2017 |08 September 2017
82 |829153| 66 | M |labour Exertional chest discomfort 1 10| P[A|P|A[A|JA|A|A] O |Pr|AJA|ALA A 76 [148[ 92| 16 N |AB| N| N | N [14.1] 84 | 6.1 [201|2.48|176|B/L Gr 2 HTN RET with moderate NPDR AB |14 September 2017 |17 September 2017
83 /830285| 54| M [Service Giddiness and Headache 2 4 [PIA|JAJA|A|A|IA|A] O [G|IA[A|A]A A 86 [118/ 90| 16| N| N[ N[ N |AB[139[ 97| 69| 72| 2.1 |176|N N [23 September 2017 |28 September 2017
84 1830842| 60| M [Service Upper abdominal pain 2 13| P[A|P|A[A|JA|A|A]l B |Pr]AJA|AA P 80 1180 94| 16| N| N[ N| N|AB|14.6/ 84| 12 | 26| 1.4 |114|B/L severe NPDR with Gr 2 HTN RET AB |23 September 2017 |03 October 2017
85 |841395| 38| M [Service L oose stools and vomiting 5 2 |AJA[A[A[A[A|A|A]| O |Pr]A|AJA|P P 76 1120{ 80|16 N[ N[ N| N| N [14.0/10.4]13.1[ 16| 0.7 [116]|N N [15 October 2017 20 October 2017
86 |835420] 40| M [Service Altered sensorium 1 3|A|A|P[A|A[A[A|A|IDLM|G|[A|A[A]A P 80 |140{ 80| 20| N| N[ N |AB| N [13.8| 84| 55| 20|0.56[120(N N [16 October 2017 21 October 2017
871834244 40| F [Housewife Generalised weakness 65| 2 | PIA[P[A[A[A[A|A]| B G|A|A|P|A P 70 |1150{ 80| 18|AB[ N[ P| N| N [11.1] 79| 6.5 [ 82| 2.3 [124|N N [24 October 2017 25 October 2017
88 |837478| 45| F |Housewife Generalised weakness 30 5 |A|lA|P[A|A[A[A|A|IDLM|G|[A|A[A]A A 82 1156 0 [ 14| N| N[ N| N|AB|11.8/10.1] 91 ]|22| 1 [126[N N [26 October 2017 29/20/2017
89 |838129| 62| F [Service Fever with cough 4 3|A|A[A[A[A[A|A|A]| O |GIA|A]JA|P P [110(100/ 60| 20(AB| N |AB| N[ N [114] 8 [ 55 [ 20|0.56|118|B/L moderate NPDR N [30 October 2017 02 November 2017
90 |838585| 35| F |Business Cough 4 |O5[A|A|JA|A|A[A|A|IAIDLM|G|A]JA|A|A P 88 1110/ 80| 18|AB| N [AB| N | N [11.8] 9.3 | 10 |137| 1.7 |180|Rt eye mild NPDR N [1 November 2017 |06 November 2017
91 |1838656| 30| M |Professional |Headache 2 IND[P|A|JA|A|A|A|A|A[DLM|G|A[A|A]A A 92 1104/ 80|16 N[ N[ N| N| N (131 741 48[16] 1 [114|N N [2 November 2017 |08 November 2017
92 1839642| 60| F [Housewife Pain abdomen 2 6 |A|lA|A[A|A[A[A|A] O |G|IAJA[ALA A 86 |110{ 70| 18| N| N[ N| N|AB|11.7| 84 |13.2] 26| 0.8 |[118(B/L mild NPDR N [7 November 2017 |18 November 2017
93 1842302| 58| F |Business Tingling and Numbness 10951 4 [P|A|P|A|A|A|A|A|l B G|IA|A|ALA P 74 [140[{ 8018 N| N| N| N [AB[115| 98 [11.2( 22| 1.6 [118|B/L Gr 1 HTN RET AB |21 November 2017 |25 November 2017
94 (842610| 66| F |Housewife |Decreased vision right eye 90 8| PIA[A[A[A[A[A|A] O |G|IA|A]JA|A P 88 [140] 80| 16| N| N[ N [AB| N [12.0] 9.8 |10.4| 24| 1.7 |104|Rt eye moderate NPDR AB [22 November 2017 |29 November 2017
95 1843419| 45| F [Housewife Generalised weakness 7 2 | PIA[P[A[A[A|A|A] O |GIA|A]JA|A A 78 [120[{ 8018 N| N| N[ N[ N [12.1] 86 [12.6( 20| 1 [154|LteyeGr1HTN RET with mild NPDR AB |27 November 2017 |01 December 2017
96 |1844534| 38| M |Business Headache 3 2 |AJA|JA[A|A[A[A|A] O |Pr[AJA[A]A A 82 |110{ 70| 14| N| N[ N[ N| N |13.0/ 11 |10.4] 44| 1.5 |152|Rt eye moderate NPDR N [1 December 2017 |07 December 2017
97 1844636| 63| M |Business cough with sputum 10 10| P|A[A|JA[A|A[A[A] O |G|JA|IA]A|A P 80 |110{ 70| 18| N | N [AB[ N | N [13.9] 8.2 |12.9]|108| 1.44[118(B/L moderate NPDR N [2 December 2017 |04 December 2017
98 |877613| 67| F |Unemployed |cough with sputum 9 [ND|P|A[A|A[|A|A|A[AIDLM[G|A[A]A]A A 80 |130{ 90 16| N| N[ N| N| N [12.6| 10 | 59| 20| 0.8 [124[N N [18 December 2017 |30 December 2017
99 1848714| 43| F [Housewife Fever 8 5 |A|A[P[A[A[A[A|A] B G|IA|A|JALA A 80 |130{ 80| 18| N| N[ N| N|AB|12.4| 9.4 |10.7] 28| 1.3 |118|B/L mild NPDR AB |19 December 2017 |30 December 2017
100]779618| 70| F [Retired Itching all over body 1 |05 P[AJAJAIA|JA]IA]IA] O |GJA]JAJAIA A 70 |132[ 80|17 N| N| N| N| N |125] 82 ]13.5| 25[ 0.7 |110|B/L severe NPDR AB [26 December 2017 |29 December 2017
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