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ABBREVIATION

ADA ; American diabetes association
Al ; normo albuminuria

A2 ; high albuminuria

A3 ; very high abuminuria

T2DM : type 2 diabetes mellitus

BMI : body mass index

TGL ; triglycerides

CHOL : cholesterol

HDL : high density lipo proteins
TH1 : t helper cell 1

APC : antigen presenting cells

TNF A : tumor necrosis factor alpha

IL : interleukin

MPV : mean platelet volume

VEGF : vascular endothelia growth factor

CAD : coronary artery disease
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INTRODUCTION

Diabetes mellitus is a syndrome of altered carboditgdmetabolism
characterised by deficiency of endogenous insutodgpction or defect in

insulin secretion or peripheral resistance to insattion

Mean platelet volume is one of the haematologieahmeters used to
assess platelet function and activity. Large volsim@relates with increased
platelet activity, and this in turn is associateithwincreased vascular
complications in diabetes mellitus. Smaller meaatghkt volumes on the

other hand are associated with reduced plateleftgct

Conventionally, microalbuminuria, defined as dailyine albumin
excretion of 30-300 mg. It is one of the earliestlicators of diabetic
nephropathy. However, according to the latest KDI@@delines, the term
microalbuminuria should no longer be used and wiradbumin excretion
should instead be categorised as Al, A2 and A3¢hvborresponds to daily

albumin excretion of <30 mg, 30-300 mg, and >300regpectivelf’

The purpose of this study is to determine the ¢atice between
platelet activity (as assessed by mean plateleum®), and diabetic
complications, specifically diabetic nephropathg éssessed by daily urine

albumin excretion), and also glycaemic controlgdssessed by HRA



Glycaemic status of the patient is assessed by, Hle&els. Patients
are grouped into two — those with levels less thraequal to 6.5%, and those
with levels more than 6.5%, based on ADA critéfialhe HbAc is then

compared with the mean platelet volume, to stuslgairrelation.
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AIMSAND OBJECTIVES

PRIMARY OBJECTIVES

To estimate the mean platelet volume in an uncaad type 2

diabetes mellitus and to compare with normal cdsitro

To determine the association between mean plateleime across
various levels of albuminuria, thereby relating association with vascular

complications of diabetes, specifically diabetipmepathy

SECONDARY OBJECTIVES

To determine the association of mean platelet meluwith the

glycaemic status of the patient, as indicated bgtdb

To determine the correlation between mean platelkeime and fasting

blood glucose, post-prandial blood sugar, duratiotiabetes
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REVIEW OF LITERATURE

HISTORICAL REVIEW

Diabetes is a disease of antiquity. Ancient Egyptiexts, dating back
to 1500 BC describe a disease with “too great emgtgf the urine”. Indian
literature from the fifth and sixth centuries BGs@ldescribed the same
disease and gave it the name “madhumeha” which snkeaney urine, as it

was found that urine would attract ants

The first use of the word diabetes was in 250 BEZ Apollonius of
Memphis. “Mellitus” which means honey, was addedtie 1600s by
Thomas Willis in order to differentiate the conditifrom diabetes insipidus,

which also causes polyuria.

Sushrutha and Charaka from India in 200-500 BGculeed two
variants of the disease — one associated with yageg and the other with
obesity. This corresponds with our current clasation of type 1 and type 2

diabetes mellitus.

Matthew Dobson (1735-1784) from Liverpool was fingt to describe
hyperglycaemia in a paper which he published inr61Hé collected the urine
from his patient, Peter Dickonson, who had polyuaiad evaporated it into a
white cake, which both smelled and tasted like sufjae patient’s serum,

likewise, was also found to have a sweetish t&teherefore concluded that



sugar was not formed by the kidneys, but that tidedys merely excreted

the sugar which had previously existed in the blood

The scientific basis of diabetes began to be éhied in the 18
century. It was Bouchardat of France who first édkdiabetes and the
pancreas together, and its associated was confiopédinkowski and Von

Mering.
DIABETESMELLITUS

Diabetes mellitus is a heterogeneous group ofrdesse that have in
common the metabolic defect of hyperglycaéthiarhe mechanisms by
which this hyperglycaemia is produced vary, andythey be acquired,
genetic or environmental. This ultimately results impaired pancreatic
insulin secretion, impaired peripheral utilisatioh glucose, and enhanced

hepatic glucose production.
PREVALENCE

Diabetes prevalence has dramatically increased tdwe last few
decades. The estimated number of cases of diabedwide in 2013, is
382 million, with a projected increase to 592 roilliby 2035, according to

the International Diabetes Federati&n

The three countries with highest prevalence debes in the world are
India, China and US respectivefy. Approximately 80% of all diabetics
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reside in developing countries, with India and @himaving the largest

contribution®

The prevalence of diabetes according to the WH@ra was 5.6%

among the urban areas and 2.7% among rural &teas

Although both types of diabetes show a trend afaasing prevalence,
the number of cases of type 2 diabetes s increasiagnuch faster rate than
the number of cases of type 2 diabetes. The reasmpnbe due to rising
prevalence of obesity, industrialisation of cowsgriresulting in decreased

physical activity and an ageing population
CLASSIFICATION

There are four clinical typé¥

Type 1 — occurs due to destruction of pancreatic [3-cedlsally

culminating in complete insulin deficiency

Type 2 — occurs due to insulin resistance and progreskatect

in insulin secretion

Other specific types— genetic defects, disorders of exocrine

pancreas, drug-induced

Gestational diabetes mellitus— it is carbohydrate intolerance

occurring during pregnancy



I £ 110L0GIC CLASSIFICATION OF DIABETES MELLITUS

1. Type 1 diabetes (beta cell destruction, usually leading to absolute insulin
deficiency)

A. Immune-mediated
B. Idiopathic

Il. Type 2 diabetes (may range from predominantly insulin resistance with
refative insulin deficiency to a predominantly insulin secretory defect with
insulin resistance)

lll. Other specific types of diabetes

A. Genetic defects of beta cell development or function characterized by
mutations in:

1. Hepatocyte nuclear transcription factor (HNF) 4a (MODY 1)
2. Glucokinase (MODY 2)

3. HNF-1a (MODY 3)

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

5. HNF-1 (MODY 5)

6. NeuraD1 (MODY 6)

7. Mitochondrial DNA

8. Subunits of ATP-sensitive potassium channel

S. Proinsulin or insulin

10. Other pancreatic islet regulators/proteins such as KLF 11, PAX4, BLK,
GATA4, GATAS, SIC2A2 (GLUT2), RFX6, GLIS3

B. Genetic defects n insulin action
1. Type A insulin resistance
2. Leprechaunism
3. Rabson-Mendenhall syndrome
4. Lipodystrophy syndromes

C. Diseases of the exocrine pancreas—pancreatitis, pancreatectomy, neo-
plasia, cystic fibrosis, hemochromatosis, fibrocalculous pancreatopathy,
mutations in carboxyl ester lipase

D. Endocrinopathies—acromedqaly, Cushing’s syndrome, glucagonoma,
pheochromocytoma, hyperthyroidism, somatostatinoma,
aldosteronoma

E Drug- or chemical-induced—glucocorticoids, vacor (a redenticide),
pentamidine, nicotinic acid, diazoxide, B-adrenergic agonists, thiazides,
calcineurin and mTOR inhibitors, hydantoins, asparaginase, a-interferon,
protease inhibitors, antipsychotics (atypicals and others), epinephrine

F. Infections—congenital rubella, cytomegalovirus, coxsackievirus

G. Uncommon forms of immune-mediated diabetes—"stiff-person”
syndrome, anti-insulin receptor antibodies

H. Other genetic syndromes sometimes assodiated with diabetes—
Wolfram's syndrome, Down's syndrome, Klinefelter’s syndrome, Turner’s
syndrome, Friedreich's ataxia, Huntington's chorea, Laurence-Moon-
Bied syndrome, myotonic dystrophy, porphyria, Prader-Willi syndrome

IV. Gestational diabetes mellitus (GDM)

7



DIAGNOSISOF DIABETESMELLITUS

The classic symptoms of hyperglycaemia such agipal blurred
vision, increased thirst and recent weight lossukharouse clinical suspicion

of diabetes mellitus
CRITERIA FOR DIAGNOSISOF DIABETESMELLITUS®

e Random blood sugar >200 mg/dL, plus symptoms diates
e Fasting blood sugar >126 mg/dL
® HbAlc>65%

e 2-hour plasma glucose >200 mg/dL after an oralagadolerance test

I CRITERIA FOR THE DIAGNOSIS OF DIABETES MELLITUS

» Symptoms of diabetes plus random blood glucose concentration
=11.1 mmol/L (200 mg/dL) or

« Fasting plasma glucose =7.0 mmol/L (126 mg/dL)" or
- Hemoglobin A, = 6.5% or

. 2-h plasma U|’_JE€)SE =11.1 mmol/L (200 mg/dL) during an oral glucose
tolerance test”

“Random is defined as without regard to time since the last meal. *Fasting is defined as no
caloric intake forat least 8 h. ‘Hemoglobin A test should be performed in a laboratory
using a method approved by the National Glycohemoglobin Standardization Program and
carrelated to the reference assay of the Diabetes Control and Complications Trial. Point-
of-care hemoglobin A, should not be used for diagnostic purposes. “The test should be
performed using a glucose load containing the equivalent of 75 g anhydrous glucose dis-
solved in water, not recormmended for routine clinical use,



As the various measures of glycaemia denotes diffgphysiological
phenomena, they will each identify different prapors of the diabetic
population. For instance, switching the diagnostiteria for diabetes, from
fasting plasma glucose to HAwould result in a decrease in the number of

people diagnosed”

For example, the national health and nutrition ne@xation survey
(NHANES; 1999 to 2006), involve analysis of 689Quiésl with no prior
history of diabetes. The prevalence of diabeteghia population using
HbA,cwas 2.3%, but when fasting plasma glucose was ulsedqrevalence

rose to 3.6%

Overall, both criteria, whether HRAor fasting blood glucose, resulted
in 98% of the population being assigned the sanassification. The
American Diabetes Association, in 2003, recommengdsalg fasting plasma
glucose or a 75g oral glucose tolerance test tgndise diabet&®. The
International Expert Committee in 2009, recommentiesl use of HbA:

with a value of 6.5% and above making the diagnostiabetes.



PLATELET BIOLOGY

PLATELET:

Platelets are anucleated, circulating, disc-shapelds, which are
responsible for the initiation of haemostatic metsias that repair vascular

endothelial injury. They have four major functions

1. Platelet adherence
2. Activation and secretion
3. Platelet aggregatio™®

4. Interaction with coagulation factors

OVERVIEW OF FUNCTION:

Whenever there is a break in the integrity of vémcendothelial
lining, platelets come into contact with the ungerd connective tissue
matrix, especially collagen fibrils. This activatggnalling pathways, which
cause the platelet to change shape and secretahibxane A2 and ADP,

which is turn stimulate neighbouring platelets,duaing further activation.

10



The platelet and its interactions
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11



Activating platelets also directly bind fibrinogenia the glycoprotein
lib/lla®™ ) A single fibrinogen molecule can bind to two Gpllla
receptors, thus cross-linking the platelets, produplatelet aggregation®.
There are at least 40,000 to 80,000 copies of @GfHlon each platelet, thus
very large aggregates of platelets can be assenabldue sites of platelet

activation®’: 18

Besides these mediators, other agonists can ali$eat® platelets.
Tissue factor is present on all non-vascular callienever there is a
disruption of endothelium, circulating blood is espd to this tissue factor,
which interacts with factor Vlla, and ultimatelyrggrates thrombin, which is
the most potent platelet agonist. Platelets expethis process as they
contain procoagulant phospholipids, which promole tgeneration of
thrombi. Thus the process of platelet activatiod deposition of fibrin are

closely intertwined.
PLATELET ACTIVATION:

Platelets may be activated by adherence to expuos&en fibrils, or

by exposure to circulating factors like thrombird akDP*?)

12



SHAPE CHANGE:

When platelets are activated, their distinctivecdid shape is lost, and
cytoskeletal rearrangements occurring within treggdéts cause it to acquire
an irregular morphology. There are three major sigdetal protein structures

in the platelets

1. Actin network
2. Membrane-associated cytoskeleton

3. Marginal band of microtubule coill

Circulating platelets are unable to bind to fibgea or bind to each
other. It is only after their activation that thaye able to do so. This is
because the platelet activation results in a changie conformation of
Gplib/llla receptor, by a complex process knowriressde-out signalling®:
2D and it is this change in the conformation of thell&llla which allows

fibrinogen binding.

13



SECRETION (GRANULE EXOCYTOSIS):
There are three types of platelet granules

1. Dense granules — these are platelet agonists, wbrichote
platelet activation (eg. ADP, ATP, serotonin)

2. Alpha granules — von Willebran factor, fibronectiitprinogen,
vitronectin

3. Lysosomal granules — glycosidases, prote48es

Mean platelet volume serves as the index of theatttg and average
size of the circulating platelets. Platelet withger mean platelet volume are
younger and tend to be more reactive and aggreg#iben compared to
platelets with smaller mean platelet volume, thegsgess denser granules,
produce larger amounts of thromboxane A2, and teanereased quantities

of serotonin, and beta thromboglob(fifrf* 2>

All of these effects lead to a generalised proctagustate. This
results in greater thrombotic complications. Theray therefore exist, a
relationship between mean platelet volume (whicla isieasure of platelet
function), and vascular complications in diabetesarge mean platelet

volume therefore is an indicator of the state obbogenesi&* %)

In diabetes, rupture of atherothrombotic plaquey mesult in small

haemorrhages which lead to platelet hyperreactiviécruitment of new

14



platelets, and stimulation of bone marrow. High me#atelet volume can
therefore be viewed as a novel risk faétorfor the various vascular
complications in diabetes which is now being coaed a prothrombotic
state, having increased platelet reactivity. THagbet hyperreactivity has

been documented both in vivo and in vitro in dtabg® 2®

The aetiology of platelet hyperreactivity in digeis multifactoriaf**

2939 5ome of the reasons are biochemical, such astlipjgaemia, and
hypertriglyceridaemia, and increased expressiongawth factors and
lipoprotein receptors, insulin resistance and axidend inflammatory state
(24, 29, 30) PO : : :

. Hyperglycaemia induces non-enzymatic glycation vafious
proteins on the platelet surface, thus increasihgelet reactivity by
activation of protein kinase C and the osmotic affef glucose®® ¥ This
glycation results in a decrease in the fluidityttoé platelet membrane and an

increase in platelet activatiéf? 3%

There is also a functional insulin receptor, IR, tre platelet
membrane, and by this mechanism insulin directylaes platelet function.
Experiments have revealed that insulin interferéth \platelet interaction
with collagen and reduces the pro-aggregant effacégonists in non-obese

healthy individual$* 3"

In inflammatory states, intra-platelet release @ticim, which occurs
during platelet activation is increased by supetexiand this increases

15



platelet activity. Superoxide also decreases thwigcof nitric oxide, as
oxidative stresses reduce the endothelial functitbns decreasing nitric
oxide and prostacyclin production. This effect@dluiced nitric oxide activity

causes increased platelet reactivity.

Diabetic patients have platelets that contain iaseed amounts of
Gplla receptors, and surface P-selectin. They fbeyepossess greater
sensitivity to stimulation when compared to plateléaken from persons

without diabeted?

Platelet hyperreactivity is also seen in diabetid®ecause of
dysregulated signalling pathways, resulted in @mreadggregation and
activation, while responding to a given stimulusti®ation of platelets plays
an important role in the pathology of diabetes, itasriggers thrombus
formation which in turn causes microcapillary enipation, and the relief of
mitogenic constrictive and oxidative substanceshsas vascular endothelial
growth factor and platelet derived growth factohes$e in turn result in an
acceleration in the progress of local vasculaolesiof diabetes, such as the

neovascularisation of lefi8

Another cause of increased mean platelet volum#iahetes may be
the occurrence of an atherothrombotic event sucmyocardial infarction.
This results in rapid consumption of smaller sizedtelets and causes a
compensatory increase in the generation of retiedlplatelet§® 3%

16



SCREENING FOR DIABETES
Screening for type 2 diabetes is recommended &ofdlowing reasons

1. Several individuals with diabetes mellitus are stonpfree and
therefore unaware of the diagnosis

2. Studies have shown that type 2 diabetes mellitghthalready exist
for up to 10 years prior to the diagnosis

3. Some individuals have complications of diagnosiespnt at the
time of diagnosis

4. Treatment of type 2 diabetes may have a favouratbeet on the

natural history of the illness

American Diabetes Association recommends thatnalividuals who
are above 45 years of age should be screened dbetdis every 3 years.
Screening should commence at an even earlier igeey have obesity (ie.

BMI >25 kg/nf) or other risk factors for diabetéd

Unlike type 2 diabetes, where hyperglycaemia exists a long
asymptomatic period before the patient is diagnaegédd the disease, in type
1 diabetes, such a long latent period is rare. &fbeg, despite the availability
of several immunological markers for type 1 diabethey have not been

recommended for routine clinical use

17



B Risk FACTORS FOR TYPE 2 DIABETES MELLITUS
Family history of diabetes (i.e., parent or sibling with type 2 diabetes)
Obesity (BMI =25 kg/m? or ethnically relevant definition for overweight)
Physical inactivity

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

Previously identified with IFG, IGT, or an hemoglobin A, _of 5.7-6.4%
History of GDM or delivery of baby >4 kg (9 |b)
Hypertension (blood pressure >140/90 mmHg)

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

Polycystic ovary syndrome o acanthosis nigricans
History of cardiovascular disease

OVERALL REGULATION OF GLUCOSE HOMEOSTASIS:

Plasma glucose reflects the delicate balance leetwee peripheral
glucose uptake and utilisation and the hepatic agecproduction. This
metabolic equilibrium is regulated by several comgrgs, with insulin being
the most important one. During fasting, the de@dakevels of insulin
promotes hepatic glycogenolysis and gluconeogenssisg with a decrease
in the uptake of glucose by tissues that are insénsitive (ie. skeletal

muscle and fat).

18



This promotes the mobilisation of free fatty adjligolysis) and amino
acids. Furthermore, when either the blood glucosansulin levels are
reduced, the pancreatic alpha cells secrete glucagod this stimulates

gluconeogenesis and glycogenolysis in the renalutfzednd in the liver.

Following a meal, the post-prandial glucose elevaproduces a rising
insulin, along with a simultaneous fall in glucag@md this results in the
reversal of this process. The large portion of ypoanhdial glucose is utilised

by skeletal muscle, due to insulin-stimulated giecaptake

REGULATION OF GLUCOSE HOMEOSTASIS

Brain
4
+ :
Liver
Glucose
= " Glucose > utilization
Glucose production, insul ¢
storage disiosiad

glucagon Muscle, fat

Pancreatic islet
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INSULIN BIOSYNTHESIS

Insulin is secreted in the islets of Langerhangh®y pancreatic beta
cells. It is initially secreted as preproinsulinhish is a single-chain
polypeptide precursor with 86 amino acids. Subsetlyiehe amino-terminal
signal peptide is removed by proteolysis, thus peoty proinsulin, which
structurally resembles the insulin-like growth fast 1 and 2. Further
processing involves the cleavage of C-peptide vesidith 31 amino acids,
thus generating the A and B chains of insulin, @&t linked by disulphide

bonds.

The C-peptide is stored together with the matasalin molecule, and
they are both co-secreted from the beta cells.&@oumt of larger half life of
C-peptide, it is useful as an indicator of insidecretion. It is also useful in
the evaluation of hypoglycaemia, as it permits Hedintiation between

exogenous and endogenous sources of insulin satreti

20



INSULIN BIOSYNTHESIS

Proinsulin
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INSULIN SECRETION

Glucose levels greater than 70 mg/dL results in dtmmulation of
insulin synthesis. The glucose molecule is firangported by a facultative
glucose transporter into the beta cell. Here it pisosphorylated by
glucokinase, and enters glycolysis, thus generatk\ig® and this ATP

inhibits the activity of the ATP-sensitive potasaighannels.

When this channel is inhibited, it results in a alapsation of the
membrane of beta cell, and this results in the mgeaf voltage dependent
calcium channels, thus resulting in an influx ofcezan. It is this calcium
which ultimately stimulates insulin secretion. F@Mmore, incretins are
secreted by neuroendocrine cells in the gastrainggdract. Their function is

to amplify insulin secretion, and suppress glucaggeretion.

The most potent incretin is glucagon-like peptiddGLP-1). It is
secreted from the L-cells of the small intestinendluces secretion of insulin

only if the plasma glucose rises above the fasaagl.

22



INSULIN SECRETION:

23



INSULIN ACTION

About half of total insulin which is secreted irttte portal system is
degraded by the liver. The remainder enters systemgulation and binds to
receptors on the target tissues. Binding to itepear results in a stimulation
of the intrinsic tyrosine kinase activity. This ftheleads to auto
phosphorylation of receptors, and also the recentmof various other
intracellular second messengers, which includertkelin receptor substrate

(IRS).

This results in a complex cascade of reactions oluimvg
phosphorylation and dephosphorylation, thus producihe widespread
mitogenic and metabolic effects of insulin. Sometloé effects include
protein synthesis, glycogen synthesis, and lipogienelhe expression of

various genes are also regulated by insulin.

The action of insulin is regulated by three patysvidnat sense nutrition

1. Hexosamine biosynthetic signalling pathway
2. AMP-activating protein kinase signalling pathway

3. Mammalian target of rapamycin signalling pathway

24



GLUT-4— insulin molecule —

GLUT-4-containing vesicle
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PATHOGENESIS

TYPE 1 DIABETESMELLITUS

In patient with type 1 diabetes mellitus there Wil beta cell secretory
function defect due to selective loss of cells whare responsible for the
secretory function by autoimmune mediated respordeere will be
infiltration of pancreatic islets causing insulitiEnis is primarily mediated by

CD8+ T cells which causes destruction of speciétatrells.

The etiology of type 1 diabetes mellitus is compléxncludes

» Genetic predisposition

* Environmental factors that triggers autoimmunity

In patients with genetic susceptibility having aatatibodies to islet
cells various indicators such as insulin releas®ahalities may predict the
clinical onset. Based on these mechanisms varidingat trials are in
progress which aims at stopping the autoimmuneoresp there by halting

the progression of disease.

26



PATHOGENESIS

' Onset |

Etiologic factors

Markers

| Birth|
N

f
Maternal factors:

® Gestational infections
* Maternal age

* ABO incompatability
® Birth order

/Autoimmunity triggering factors:

® Infection (virus)

* \/itamin D deficiency

* Diet (bovine milk, cereals, high
protein)

i@ . B
Accelerating factors:
® Infection
» TInsulin resistance
* Puberty, weight gain
® Stress

susceptibility:

* HLA

Risk: DQ8, DQ2, or both
Protective: DQ6

processes:
* Auto-antibodies:

GADG65AD, IAAD, IA-2Ab, ZnT8Ab
e Candidate (minor) antigens:

‘\

o Stress? * Toxins (alloxan, streptozotocin, vacor) ||| ® Diet (Tenergy)
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( Genetic i A
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o Linsulin release

e Substantiald in

Stage

DLl ICA12, VAMP2, NPY, Glima-38, HSP60.|||  C-peptide levels
INS-VNTR, o Insulitis * Reduced B-cell mass
PTPN22 (R620W), (oy 50-80%?)
IL2RA (CD25), others
\ J I\ |\ J
e e ) N
Fetal life j Pre-diabetes (months - years) j Clinical diabetes
. \ \ J
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GENETIC PREDISPOSITION

Multiple genes are involved in the pathogenesigypke 1 diabetic
mellitus. In identical twins the occurrence of typaliabetic mellitus ranges
from 40 to 60 %. It shows there are many othertaufdil factors which are

also involved in the occurrence of type 1 diabetedlitus.

The major gene which is responsible for causingetyl diabetic
mellitus is present in chromosome 6 involving HL&mplex. It encodes the
necessary genes in the class Il MHC molecule. Tipdme a role in the
antigen presentation to T helper cells which itgsathe immune response.
This ability of antigen presentation further depgenon the aminoacid

constituents of antigen binding sites.

Most of the type 1 diabetes mellitus patients =iaf HLA DR3 or
HLADRA4 haplotype. Other haplotypes such as DQA10ZDQ@B10302 and
DQ1310301 are also involved in the associationypétl diabetes mellitus.
Even though many individuals with these predisppdtti A types does not

develop type 1 diabetes mellitus.

There are are various other genetic loci whichfauad to contribute
to the development of type 1 diabetes mellitusoAlsere are genes which
protects against the development of type 1 diabeteBitus. These are

DQA101202 and DQB10602. These haplotypes arenraeeyin patients with
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type 1 diabetes mellitus and are believed to copfetection against the

development of type 1 diabetes mellitus.

PATHOPHYSIOLOGY

Even though the other cell types (such as alphks,cdélta cells,
pancreatic polypeptide producing cells) islets arigreas have functional and
embryological similarity with the beta cells ananalst have same protein,

they are not involved in this autoimmune destructio

Initially there will be lymphocytic infiltration bthe beta cells that was
followed by the destruction of beta cells. At aetastage the islets will
become atrophic. Studies in the experimental modai®e shown that both

humoural and cellular immunity plays a role in tatdoimmune process.

The various abnormalities that are produced duhrggprocess are

1. Autoantibodies to islet cells

2. Lymphocytic infiltration of islets

3. Lymphnodes around peripancreatic area and activatgohocytes in
systemic circulation

4. Cytokine release within islets

These cytokines exert toxic effects especiallyhe beta cells. This
action is mediated by nitric oxide metabolite fotima apoptosis of islet beta
cells. The destruction of beta cells is primarily lyimphocyte mediated
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process and not because of autoantibodies tocslst These autoantibodies
does not react with cell surface of islets and ketiey do not transfer

diabetes to animals.

The various molecules of islets that are targetethbse autoimmune
mechanisms are insulin, glutamic acid decarboxylgee enzyme
responsible for GABA production) and a cell speciftinc transporter
protein. Various theories suggests that these rmutane process initiates
destruction of one beta cell thereby producing aeseof secondary
autoantigens that will spread and cause the déstnuof other islet

molecule.

IMMUNOLOGIC MECHANISM S

The autoantibodies of islet cells comprises ofors antibodies that
target specific cell types of islets of pancreashsas insulin, znT8, GAD.
These serve as useful markers of the autoimmuneegsoinvolving type 1
diabetes mellitus. There are various commercialsailable assays to

measure the levels of these antibodies.

These islet cell antibody testing (ICA) is veryefid in differentiating
type 1 diabetes mellitus from other types. It atkntifies the patient at risk

for developing type 1 diabetes mellitus. These I@Aspresent in majority of
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type 1 diabetes mellitus (>85%) in some of typedbetes mellitus(5-10%)

and rarely in gestational diabetes mellitus(<5%).

These ICAs are also present in first degree weatiof patient with
type 1 diabetes mellitus. A combination of ICA agldcose tolerance test

predicts > 50% risk of developing type 1 diabetedlitas in 5 years.

ENVIRONMENTAL FACTORS

Various environmental factors are proposed in geiqhg the
autoimmune process of type 1 diabetic mellitus. &Nbas been confirmed by

studies. These environmental factors includes

* Viral infections (coxsackie, rubella, enteroviragst prominently)
* Proteins in bovine milk

» Compounds of nitrosurea

PREVENTION OF TYPE 1 DIABETIC MELLITUS

Various interventions has been proposed in exmriah models for
the prevention of type 1 diabetic mellitus, but @dmas been successful.
Studies shown that IV insulin administration torigk individuals for type 1
diabetic mellitus does not prevent it. Various iciah investigation is going

on these process.
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TYPE 2DIABETIC MELLITUS

To develop type 2 diabetic mellitus the major mexsas responsible are

* |nsulin resistance

* Abnormal insulin secretion

Even though many studies suggests that insulisteegie precedes the
insulin secretion abnormality the diabetes becoppmaeent only when there
Is inadequate insulin secretion. Type 2 diabetditasecomprises of various

disorders that all share the phenotype of hypeegtya.

Various studies suggests that south and east Aaflanic groups
develop diabetes at a more younger age and wittwaBMI. There are
certain group of patients with type 2 diabetes mosliwho are more prone to

develop ketosis (often obese) and some who are&egsistant. (often lean).

GENETIC CONSIDERATIONS

There is a strong genetic correlation with typeabdtic mellitus. The
development of type 2 diabetes mellitus in concordains is between 70
and 90 %. The children of a type 2 diabetes mesllitadividual have
increased risk of getting diabetes. If both pareaffected with type 2
diabetes mellitus then the risk arouses to 40%ulimsesistance is present in

many of the first degree relatives of a patienhwyipe 2 diabetes mellitus.
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Diabetes mellitus is a multifactorial and polygedisorder. It involves
genetic susceptibility, environmental factors (pbgk inactivity, diet,
obesity). The genetic predisposition to type 2 eimb mellitus are
incompletely understood. Still most of the studseggest that large number
of genes contribute to a relatively small risk the development of type 2
diabetic mellitus. The most important among thasa gene of transcription

factor 7 variant.

The mechanisms by which these genetic alterationtributes to
development of type 2 diabetic mellitus is stillt rabearly understood, but
most of these interferes with function of isletsdavelopment of islets or
secretory defect. The genetic susceptibility fog thevelopment of type 2
diabetic mellitus is under active investigation.p&€y2 diabetes mellitus is

mainly characterised by

* Impairment of insulin secretion
» Development of insulin resistance
* Increased gluconeogenesis from liver

* Fat metabolism abnormalities

Central obesity is frequently seen (>80%) in pasiewith type 2
diabetic mellitus. Even though there is insulinigesce, in the initial stage
of type 2 diabetes mellitus the glucose toleraeoeains within normal limits

because of the increased insulin production to @wsgte for the insulin
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resistance. With progression in insulin resistatioese will be compensatory
hyperinsulinemia but at one stage the pancredgtsisre unable to sustain

the increased production of insulin.

With this stage there will be development of im@a glucose
tolerance which is characterised by increase i poendial glucose. With
further progression of disease, there is reduciiomsulin secretion with
increase in glucose production by the liver leadng state of overt diabetes
mellitus characterised by increase in fasting blaadyar. The relative
contribution of both these processes (impairedlimsecretion and insulin

resistance) varies from individual to individual.

INSULIN RESISTANCE SYNDROMES

It comprises various group of disorders with hyhergmia as a

common component. These include

* Metabolic syndrome
* Insulin resistance syndrome

* Syndrome X
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STAGESOF GLUCOSE TOLERANCE
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INSULIN RESISTANCE SYNDROMES

It comprises various group of disorders with hghgemia as a
common component. These include metabolic syndrothe, insulin
resistance syndrome and syndrome X which sharesdheus metabolic
disorders that includes hypertension, central dpeslyslipidemia, insulin

resistance.

There are various other rare forms which compritestures of
diabetes mellitus. Acanthosis nigricans and hyp#n@yenism (characterised
by acne, hirsutism, oligomenorrhoea in women) ds® associated with
these syndromes. Two distinct syndromes involvienese insulin resistance

have been described in adults.

* Type A — defect in insulin signalling pathways,eafis young females
and have features of hyperandrogenism, obesity
* Type B — due to autoantibodies to insulin rece@ffects middle aged

females, associated with other auto immune diserder

Polycystic ovary syndrome is a disorder affectinggnpenopausal
women with features of hyperandrogenism and chranigvulation. Some
group of women with PCOS have insulin resistanae inanrease in the risk

of developing type 2 diabetic mellitus.
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MONOGENIC FORMSOF DIABETES

There are various monogenic forms of diabetesiodarvariants of
MODY have been identified. They are caused by rmartaif genes encoding
islet enriched transcription factor. These factbave a role in interfering
with glucose stimulated secretion of insulin. Thaye transmitted as
autosomal dominant forms. The affected individuald often have other
defects such as liver function abnormalities, reagdts and pancreatic

exocrine insufficiency.

Neonatal diabetes (onset < 12 months of age) useth by genetic
mutations. It is phenotypically similar to thattgpe 1 diabetes mellitus. The

major mutations involved are

* ATP sensitive potassium channel subunits (kir 6@ ABCCS8)

* Insulin gene defects

These individuals may be treated with sulfonylurgad usually

respond well.
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HETEROGENEOUSETIOLOGY OF YOUNG ONSET DIABETES
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COMPLICATIONS

Diabetes affects various organ systems leading friows
complications. They include microvascular, macrecuar and nonvascular
complications. The microvascular complications @tenopathy, neuropathy
and nephropathy. Macro vascular complications arermary heart disease,

peripheral vascular disease, and cerebrovascideask.

The various non vascular complications are gaatexs, infections,

hearing loss and skin abnormalities.

DIABETIC NEPHROPATHY

In our study we are correlating the mean platel@ume and the
albuminuria levels in diabetic patients there hydging role of mean platelet
volume in the development of vascular complicatigpscifically diabetic
nephropathy. High albuminuria (previously microatbouria)is an early

indicator of diabetic nephropathy.

Diabetic nephropathy is the most important causehoonic kidney
disease and end stage renal disease. Albuminumiabetic individuals is
also associated with an increased risk of cardmuas disease. Usually the
diabetic patients with diabetic nephropathy havesoeisited diabetic
retinopathy.
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PATHOGENESIS

Due to chronic hyperglycemia there will be actigatiof soluble
factors (growth factors, endothelin, angiotensinaldlvanced glycation end
products) alteration in the microcirculation of kel (hyperfiltration,
increased glomerular capillary pressure) and glafaer structural

changes(mesangial expansion, fibrosis, thickenirgaesement membrane)

Initially during the first few years of diabetesiitus there will be
glomerular hyperperfusion, renal hypertrophy andkéning of glomerular
basement membrane. Later after some 5 to 10 yedirsduals will began to

loss small amounts of albumin in urine.

The KDIGO and ADA proposed in recent years that the
microalbuminuria (30-299 mg/dl) and macro-albumiaur>300mg/dl)
should be replaced by high albuminuria and perdistalbuminuria
respectively as they better the continuous nattéingrine albumin excretion
and are risk factors for the development of diabetephropathy and

cardiovascular disease.

This albuminuria levels should be detected at arly estage, as
effective pharmacological therapy during this stege delay the progression
of diabetic nephropathy. Micro albuminuria leveleosld be assessed

annually in patients with type 1 and type 2 diabetellitus. In patient with

42



type 1 diabetes mellitus screening for microalbumanshould begin 5 years

after diagnosis and in type 2 patients at the tfgiagnosis.

Improvement in glycaemic control and use of ACEibitbrs or
ARB'’s can reduce the albuminuria levels and alstuces intra glomerular

pressure thereby delaying the progression of d@abhephropathy.

MICROALBUMINURIA

Quantifying urine excretion of albumin is more g@ms than
measuring general proteinuria. Albumin is normatkgreted at a rate of <30
mg/day. When albumin excretion is persistently leetv 30-300 mg it is
known as high albuminuria (previously known as watbuminuria). When
excretion exceeds 300 mg/day, it represents overdipstick positive
proteinuria, and is known as very high albuminypaeviously known as

macroalbuminuria).

In the case of type 1 diabetes, high albuminuriaevjpusly
microalbuminuria) might represent the earliest ichh manifestation of
diabetic nephropathy, and usually begins to be Beeryears after diagnosis.
On the other hand, patients with type 2 diabetesjally have high
albuminuria at the time of diagnosis and this allmwma probably represents
underlying cardiovascular disease and not dialmsphropathy in particular,

as is the case in type 1 diabetes.
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It is recommended that screening for high albumandre done at
yearly intervals, in patients with both types oéluktes, starting at disease
onset in type 2 diabetes, and five years afterdisease onset in type 1
diabetes. While diagnosing high albuminuria, candg causing transient

elevation in albumin excretion should be exclutféd

Such conditions include

Exercise

* Fever

* Infection

* Poor glycaemic control
* Hyperlipidaemia

» Elevated blood pressure
URINE ALBUMIN CONCENTRATION

The gold standard for diagnosing high albuminusi&24-hour urine
collection. However, screening can be more easilyeaed using an early-
morning specimen, or a timed urine collection, rdes to minimise urinary
volume changes which occur during the @ayIf the rate of albumin
excretion in a timed urine collection is below 2®/min, or if the
concentration of urine albumin in a random specingerhess than 20-30

mg/L, high albuminuria is unlikely.
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Higher values, especially values just above themeges could
represent false positivity, and therefore, suchpesneed to be confirmed
by repeating the measurement. Semiquantitativeickssare also available,
which can detect high albuminuria in situations meha direct measurement

of urine albumin excretion cannot be obtained.

The disadvantage of using urine albumin concewotmabr dipstick
tests, is that false results may occur becausee waibumin concentration
depends not only on the amount of albuminuria, @#sb on the urine
volumé®). Thus, even if the rate of urine albumin excrei®nonstant, there
may be a change in the urine albumin concentratithrere occur substantial
changes in urine volume. This confounding factoryb& eliminated by

performing repetitive measurements on early morsamgples.
ALBUMIN-CREATININE RATIO

Measurement of urine albumin-to-creatinine raticairandom sample
of urine removes the confounding effect of urindumze on concentration of
urinary albumin. Values of 30-300 mg/g of createimply daily albumin
excretion levels of 30-300 mg/day, correspondinghigh albuminuria

(previously microalbuminuri&f).

Urinary albumin-creatinine ratio >300 mg/g of dreme indicates

very high albuminuria (previously macroalbuminuridpwever, at least two
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out of three specimens should have ACR levels wittiee high or very high

ranges to make the diagnosis in order to elimifelse positive$®

In one study, spot urine albumin-creatinine ratimd 24-hour urine
collection were used to quantify urine aloumin etiom. The study involved
13 individuals with type 1 diabetes, 12 individualgh type 2 diabetes, and
14 normal subject¥). Both measurements were found to give similarltesu
The presence of ACR more than 30 mg/g was 100%tsens detecting
high albuminuria. These findings have been conftrimg the other studies as

well®®),
LIMITATIONS OF URINARY ACR

Patients must be instructed to avoid vigorous @gerfor 24 hours
prior to being tested, as this can transiently eralse urinary albumin
excretioi®®. Uncertainty exists regarding the optimal timeptaform urine
albumin-creatinine ratio. In one study, the highastrelation between urine
ACR and 24-hour urine collection was seen when sssnwere taken after
the first morning void and last sample before tleeltimé*®. However, a
more large scale study, performed later, revealbetter correlation when
first morning void was used. However, in this stuthe differences which
were noted with samples collected at other timesewet found to be
significant*”. The test had reduced accuracy if excretion oftarme is
greatly different from expected values, especiaMpen patients had
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borderline values. The ratio will be reduced in owlar individuals because
of high urinary creatinine excretion, and the ratudl be increased in
emaciated individuals, where muscle mass and threrafrinary creatinine

excretion, are significantly reduced.

DIABETIC RETINOPATHY

It comprises two stages.

* Non proliferative stage

* Proliferative stage

Non proliferative stage is characterised by micenapsms, blot
haemorrhage and cotton wool spots. Proliferativ@wspathy is characterised
by neovascularisation of retina which occurs dueetmal hypoxia. These
new vessels are very fragile and rupture easilgiogwitreous haemorrhage,

fibrosis and culminating in retinal detachment.

Regular ophthalmic examination is necessary ipatients with type 2
diabetes mellitus to prevent diabetic retinopatlaser photocoagulation will

be useful in later stages.
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DIABETIC RETINOPATHY
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DIABETIC NEUROPATHY

Various manifestations such as mononeuropathy,neolippathy and
autonomic neuropathy can occur. Distal symmetrityn@uropathy is the
most common form. Paresthesia or hyperaesthesiaoe@ay. Usually pain
presents at rest and worsens at night. Polyragetty is characterised by

involvement of one or more nerve root.

VARIOUS COMPLICATIONS OF DIABETES

Microvascular
Eye disease
Retinopathy (nonproliferative/proliferative)
Macular edema
Neuropathy
Sensory and motor (mono- and polyneuropathy)
Autonomic
Nephropathy (albuminuria and declining renal function)
Macrovascular
Coronary heart disease
Peripheral arterial disease
Cerebrovascular disease
Other
Gastrointestinal (gastroparesis, diarrhea)
Genitourinary (uropathy/sexual dysfunction)
Dermatologic
Infectious
Cataracts
Glaucoma
Cheiroarthropathy?
Periodontal disease

Hearing loss
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MONITORING DIABETES

The most important goal in diabetes managemend @ttain normal
physiological levels of glucose without leadindhgpoglycaemia* The two
most commonly used glycaemic measures are bloodogguand HbAlc

(glycated haemoglobin).

HbAlc levels indicatesthe overall glycaemic coninalhe previous 8 -
10 weeks thereby assessing the therapeutic respMigle the blood glucose
levels gives information about day to day contemdls and subjected to wide

variation other than fasting blood glucose.

The haemoglobin present in the blood combines wlticose non
enzymatically to form glycated derivatives. Thigyaltion reaction in turn
depends on the concentration of glucose in thedbl@bis reaction occurs
between beta chain of haemoglobin A molecule andagle forming HbAlc.
It is now widely used as a standard measuremenmhdaitor glycaemic

control.
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TREATMENT OF DIABETESMELLITUS

Life style modification such as healthy diet, mased physical activity
plays an important role in diabetes managementliings recommended in
all patients with type 1 diabetes mellitus and alseful in type 2 diabetes
mellitus. The patient should be encouraged torselfitorthe blood glucose

levels there by preventing hypoglycaemia relatedpacations.

All measures should be taken to prevent diabetimpdications by
routine screening for complications. The associatdiseases like
hypertension and dyslipidaemia should be addres$bdre are various
antidiabetic drugs available and the choice of degends on the blood sugar
levels and patient condition. Combination of drags be used if the patient

Is having severe hyperglycaemia.

The most dangerous complication of therapy wittabdtes is
hypoglycemia. Weight gain is another adverse effe&ecurrent
hypoglycemia necessitates modification of treatnmegtimen and glycaemic

control for the patient.
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TREATMENT OF DIABETESMELLITUS

Mechanlsm of Reduction  Agent-Specific Agent-Speciific
Action [B&)" Advantages Disadvantages Contralndications
Gral
B.Iguxacks" .L Hepm‘-:@m 1-2 Weight neutral, do Dizirhea, nauses, Serum Creatining
production not cause hypogly-  kactic acidosis »1.5 mavdL (men)
cenma, inexpensie, =14 mag/dl. (wormen)
exlBrie Expiii- {5 1exl], CHF, radio-
ence, L OV events graphic contrast studies,
hespitalized patients,
ackdosis
o-Glucosidase inhibi- 1 Gl ghcose 05-08 Aeduce posiprandial Gl flatubence, fver Renallver disease
o™ AtsoIpTion ghycemia functicn tests
Dipeplic peptidase v Prolong 05-08 Well tolerated, do Reduced dose with renal
inhibitoes GLP-1 action not cause hypoghy- disease; one associated
cemia with increase heart fai-
e risk; possibile assocl-
tion with ACE inhibsitos-
Induced angicedema
Insulin secretagoques: T Insudin secretion Glibornunide, giicla- 122 Shaet onset of Hypoghyoemia, Aenaliver disease
Sulfomyiureas™ ] : action, lower post-  weight gain
giipizide, gliquidons, prandial ghucose,
Qivburide. Inexpensive
Insuln secretagogues: T Insulin secretion 0.5-1.0 Short onset of Hypoghremia Renalfiver disease
MNonsutfonylureas™ linide, mitiginide Acon, lower post-
prandial glucose
Sodum-(_’lmeco— TUmyghx:osE 05=10 Iresialan secretion and l.n'haryrai:luagirm Limited dinical experi-
transparter 2 inhibitors™  excretion acthon independent  Infections, dehydra-  ence; moderate renal
tion, wacerbabe insufficiency
tendency 1o hype:-
slomia
Thiszolidinediones™= 4 Insulin resistance,  Rosiglitazone, plogh-  05-1.4 Lower insulin Peripheral edema,  CHF, liver disease
T glucese utitzation FEpUEENTS CHF, wesght gain,
fraciures, macuiar
edema
Parenteral
Arriytin agonisty-= Showr gastric ermpty- 025-05 Redice postprandial  injection, nausea, T Agenas that also stow G
ing. | ghucagon giycemia, weight  risk of hypogtycemia  motility
loss. with insulin
GLP-1 recepror Tirsuin ) gheca-  Exenatide, liraghunde, 05-10 Weight loss, do ot Injection, nausea,  Renal disease, agents
BJONIsE™ gon, show gasteic dulaghitide casse ypoghcemia T risk of hypoghy- that also show Gl motdity;
: Emptying, stiety cemia with insuin - medullary carcinoma of
SELTEIAROGUES thyroid
Ingulin+= T Glucose utitiza- Mot bmited  Known safety profile - Infection, wesght
tian, 4 hepatic gain; hypoglycemia
and ciher anabotic
actions
Medical nutrithon 4 Insidin resistance,  Low-calorie, lowfat  1-3 Onher health benefiss  Compliance diffscul,
therapy and physical T insulin secretion fong-term success
activity™ o

Examgbes are appioved los use o M mw:wb\nm@bﬂgﬂmn meu:mrdﬂmm.ﬂ Conmndies F_.l&l‘;‘ﬂ'ﬁw,‘n?fﬂmﬂ #ﬂ_lﬂ“_ﬂ'chﬂ‘_l‘hﬂlfm1#‘|
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EMERGING THERAPIES

Pancreas transplantation is an important optiopatients with type 1
diabetic mellitus with end stage renal disease. iBuhunosuppression is
needed. Newer pharmacological therapies includasofinase activators,
GPR40 agonists, monoclonal antibodies to inflamomatand 11 beta

hydroxysteroid dehydrogenase inhibitors for typhdbetes mellitus patients.

Bariatric surgery has been recommended in obebadnals with type
2 diabetes mellitus. ADA recommends bariatric siyge type 2 diabetes

individuals with Body Mass Index > 35 kg /m2.
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MATERIALSAND METHODS

PATIENT SELECTION

All patients were explained about the diabetes im@omplications.
They were informed about the study proceedingsthadusefulness of the
study in their own language. All the subjects gasensent before

participating in the study.

DESIGN OF THE STUDY

Cross sectional study

STUDY CENTRE

Institute of internal medicine and

Institute of diabetology

Madras medical college and Rajiv Gandhi governmgeheral

hospital, Chennai

STUDY DURATION

April 2015 to September 2015 — total 6 months
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INCLUSION CRITERIA

1. Confirmed cases of type 2 diabetes mellitus

2. Non diabetic controls without coronary artery dsea

EXCLUSION CRITERIA

1. Patients on antiplatelet drugs such as aspirinrckpidogrel.
2. Patients with abnormal platelet counts (thrombosigtor
thrombocytopenia)

. Type 1 diabetes mellitus patients

W

. Type 2 diabetes mellitus with macrovascular conapidns

(6]

. Diabetes complicating pregnancy

o

. Conditions causing transient urinary albumin exoresuch as

infection, heart failure, exercise and uncontrolbggertension

SAMPLE SIZE

A total of 140 patients which includes 90 diabetrsl 50 controls.
Healthy subjects who attended routine master hebkdck ups were taken as

control group
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METHOD OF DATA COLLECTION

All the patients involved in the study are subjdct® following

parameters.

1. History of patient

2. General examination

3. Systemic examination

4. Laboratory investigations

5. Electrocardiogram
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METHODOLOGY

HISTORY

A detailed history on diabetes and other comorlneéss were

collected

The history includes

Age

Sex

Duration of diabetes

History of chestpain, claudication pain and stroke

History of blurring of vision

History of comorbid illness such as hypertension

Treatment history

History of smoking and alcohol, if present the dstaf that
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GENERAL EXAMINATION

The following parameters were assessed in all stibje

1. BMI based on weight and height using the formula

weight/height in meter square

2. Blood pressure was measured in the right arm \ighpatient in
sitting position

3. Other general examination was done

SYSTEMIC EXAMINATION

The following systems were examined to detect ampications of

diabetes

CARDIOVASCULAR

RESPIRATORY

CENTRAL NERVOUS SYSTEM

ABDOMEN

LABORATORY INVESTIGATIONS

All the patients were subjected to the followingestigations

* Mean platelet volume

e Urine albumin creatinine ratio
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» Fasting blood glucose

» Post prandial blood glucose

* Glycosated haemoglobin levels(HbAlc)
* Platelet count

» Total cholesterol

» Haemoglobin

e Serum creatinine

Mean platelet volume is measured by an automadiecbtounter using
venous blood samples which were taken in a test mued with EDTA and
tested within 1 hour of collection. HbAlc was measuusing automated

high performance liquid chromatography.

Serum glucose was measured by hexokinase enzymaitiod.
Albuminuria is measured by early morning urine aflou creatinine ratio.
The diabetic patients are subdivided into threaigsobased on albuminuria

levels

* Al (<30 mg/gm) - normoalbuminuria
* A2(30-300 mg/gm) - high albuminuria

* A3(>300mg/gm) — very high albuminuria
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Mean platelet volume is assessed and comparee iadtbve groups. Then
based on HbAlc levels patient is again subdividéal (according to ADA

criteria)

* HbAlc<6.5%

 HbAlc > 6.5%

Again mean platelet volume is compared in the aboentioned

groups thereby assessing its relation with glycaestatus of the patient.

ANALYSISPLAN

Statistical analysis was done using SPSS softwengon 17.0

SPONSORSHIP

No

CONFLICT OF INTEREST

None
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OBSERVATION AND RESULTS

A total number of 140 patients participated in study that include
90 (64 %) type 2 diabetes mellitus patients and(3®%) age matche
healthy controls. Among them (63 % are males and 52 (37%) ¢

females.They are distributed in age group of 40 to 70 ye

FIGURE 1

DISTRIBUTION OF PATIENTSIN OUR STUDY

Our study includes 140 subjects among which 90 (64fé type -

diabetes mellitus patients and 50 contr
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FIGURE 2

SEX WISE DISTRIBUTION OF DIABETESPATIENTS

SEX

In our diabetes group, 55 patients(61%) are malesl &5

patients(39%) are fema
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FIGURE 3

AGE WISE DISTRIBUTION OF DIABETESPATIENTS

AGE

80%

70% 67%

60%

50%

40%

Axis Title

29%

30%

20%

10%

0%
40-50 51-60 61-70

Axis Title

In our study group 29% belongs to the age group@®B7 % belongs

to age group 51-60 and 4% belongs to more thamé@eoup.
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TABLE 1

COMPARISON OF VARIOUSPARAMETERSBETWEEN THE

DIABETIC AND NONDIABETIC CONTROLS

Independent sample t test

Control DM
P value
Mean SD Mean SD
52.58 4.26 5193 451 0.409
Age
Duration of DM N/A N/A 5.57 1.98 N/A
c <0.000
BMI 26.48 1.36 30.99 242 1
<0.000
MPV 7.93 0.24 8.8 0.36 1
Urine albumin N/A N/A 215'4 1879'2 N/A
creatinine ratio
C
Platelet 3.8 0.48 3.59 0.43 0.009
Hb 14.68 14.12 12.37 0.77 0.124
216.8 <0.000
Total cholesterol 180.54 18.99 6 o417 1
<0.000
Serum Creatinine 1.2 0.34 1.46 0.29 1
171.3 <0.000
FBS 89.6 9.73 5 53.02 1
248.5 <0.000
PPBS 129.68 9.75 1 84.81 1

MPV was significantly higher (8.8+ 0.36) in the loges patients when
compared to control(7.93+ 0.24) group and is gtaby significant

(p<0.0001) by independent sample t test.
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The mean BMI in control group (26.48+1.36) was dtseer than the

diabetes group (30.99+2.42) and also stasticaliyiscant.

The mean fasting blood sugar and post prandialdokagar in the
control group was (89.6+ 9.73) and (129.68+9.75ijlenin the diabetes group

it was (171.35+ 53.02) and (248.51+84.51) respelbtiv

The mean total cholesterol level in control grougsw180.54+18.99)

while in the diabetes group it was (216.86+£54.77)

The mean age of patients in control group was &226) while in

the diabetes group it was (51.93+4.51)

The mean platelet count in diabetes was (3.59+)0wm8le in the

control group it was (3.8+0.48)
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FIGURE 4

CORRELATION OF MEAN PLATELET VOLUME WITH BMI

BMI

9.6
9.4
9.2

8.8
8.6
8.4
8.2

Axis Title

7.8
<30 31to 35 >36

Axis Title

Mean platelet volume shows a positive correlatiprvélue — 0.042)
with BMI in our study. The correlation coefficiectlculated by Pearson

correlation coefficient shows only weak correlat{Or215)
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FIGURE 5

CORRELATION OF MPV IN CONTROLSAND

DIABETESPATIENTS

Chart Title

9.5

8.5

Axis Title
(o]

7.5

~N

6.5

Control DM

The mean platelet volume in diabetes gi(8.8+ 0.36) is significantly
higher than the control gro(7.93+ 0.24)and independent sample test shi

a significant correlatic( p <0.0001)
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FIGURE 6

CORRELATION OF MPV ACROSSVARYING LEVELSOF

ALBUMINURIA IN DIABETESPATIENTS

Chart Title

9.4
9.2

8.99 -

8.87

Axis Title

Al A2 A3

The mean MPV in Al group is (8.45%+ 0.19) which wawer than
A2(8.87+ 0.37). both groups were lower than A3 980.27).statistical
significance exists between /fand other two groups. (p <0.0001) but

and A3 does not show any statistical significancendependent t te:

68



FIGURE 7

CORRELATION OF MPV WITH FBS

FBS
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There is no significant correlation between MPV dfakting blood
sugar (p value- 0.236) in diabetes patientsevaength MPV is slightly

higher in patients with FBS more than 110.

69



FIGURE 8

CORRELATION OF MPV WITH PPBS

PPBS
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7.8
PPBS <200 PPBS >200
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In diabetes patients with postprandial blood sugare than 200 MPV

is slightly on the higher side but still not stagally significant (p- 0.124)

70



FIGURE 9

CORRELATION OF MPV WITH DURATION OF DIABETES
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There is no correlation between MPV with duratioh diabetes

(p — 0.648)
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FIGURE 10

CORRELATION OF MPV WITH TOTAL CHOLESTROL

Chart Title
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MPV does not show any statistical significance vaholesterol level

(p -0.402)
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FIGURE 11

CORRELATION OF MPV WITH PLATELET COUNT
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We grouped the patient according to platelet contat five groups.

MPV does not show any significant correlation (122)
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FIGURE 12

CORRELATION OF MPV WITH HB

HB
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There is no signicant correlation between MPV aragnhoglobin

levels. (p- 0.688)
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FIGURE 13

CORRELATION OF MPV WITH AGE OF DIABETES
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There is no significant correlation exists betwege and MPV in

diabetes patients. (p- 0.069)
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FIGURE 14

CORRELATION OF MPV WITH GENDER

Chart Title
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There is no significant correlation exists betwe@betes and gender
of the diabetes patients. (p -0.677) even thoughv N&Pslightly higher in

males when compared to females.
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TABLE 2

CORRELATION OF MPV IN DIABETESPATIENTS

AND CONTROLS
MPV
Mean SD | Pvalue
Independent
sample t
Control 7.93 0.24| <0.0001 Test
DM 8.8 0.36

CORRELATION OF MPV ACROSSVARYING LEVELSOF

ALBUMINURIA IN DIABETESPATIENTS

MPV
Mean SD P value | One way Anova
Al 8.45 0.19
Post hoc test
A2 8.87 0.37 | <0.0001 | Bonferroni
A3 8.99 0.27 | <0.0001
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CORRELATION OF MPV WITH HbA1c

Corredation
M PV coefficient | P value
HbAlc 0.145 0.174

Pearson correlation test

CORRELATION OF MPV WITH VARIOUS PARAMETERSIN
DIABETESPATIENTS

Pearson

0.122 correlation test

Correation

coefficient P value
Age -0.193 0.069
Gender -0.045 0.677
BMI 0.215 0.042
Duration of DM -0.049 0.648
Urine albumin creatinine
ratio 0.403 <0.0001
Platelet count 0.228
Hemoglobin -0.043 0.688
HbA1C 0.145 0.174
Total cholesterol 0.089 0.402
Serum Creatininine 0.155 0.145
Fasting Blood Sugar 0.126 0.23p
Post Prandial Blood
Sugar 0.226 0.124
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DISCUSSION



DISCUSSION

Once the platelets gets activated mean plateléime tends to
Increase and also changes its disc shape intoawspiheres. Larger platelets
have tendency to be more adhesive and aggregérethe smaller ones.
They also produce larger amounts of prothrombogictars**#44® This
increase in mpv, aggregative capacity and large uatsoof vasoactive

molecule production is previously documeritetf*”

The mechanisms causing this has not been cleafilyedl yet there are
theories which suggests that this increase in MiMay be either due to
osmotic swelling of megakaryocyt& or due to the effect of insulin which
forces the platelet to change its strucfiftanother postulation is that there
will be increased platelet turnover and so the gmwes of younger

megakaryocyteS”

High albuminuria (previously microalbuminuria) ise of the earliest
indicator of diabetic nephropathy. In our study ammed at comparing mean
platelet volume in controls and diabetics. Also warelated MPV with

various levels of albuminuria and HbAlc levels.
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Our study shows that MPV was significantly higher diabetes
patients than controls. This was similar to presiciudie$>® In the
diabetes patients it was significantly higher atignt with group A2 i.ehigh
albuminuria (previously called microalbuminuria)dagroup A3 i.every high
albuminuria (previously called macroalbuminuria)amlcompared to patients
with group Al i.enormoalbuminuria. Some studiesvahdigher MPV in

patients with microalbuminuria when compared tommalbumiurig?®>*>°)

Some other studies fails to show this coorelatidnMPV with
albuminuria level®>***"This differences may be due to variations in size o
the sample, type of anticoagulation used and otfethodological variations
such as fasting or fed state. Our study also irepiat there is no much
difference between group A2 (high albuminuria) agrdup A3(very high

albuminuria) even though both groups have increified.

Unubol, Ayhan, Guney et al showed a significantitpas relationship
between mean platelet volume and microalbuminutiatfullahcakir,
GulaliAktas et al showed that mean platelet voluimereases in type 2

diabetes mellitus independent of HbA1c le(/&ls
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In our study there is no correlation between MPY &tbAlc levels.
Various studies has been done which shows the sast§®°90016267)
some studies suggests a positive correlation betwdBV and HbAlc
levels®3®Y and also states improvement in glycaemic contrabdeto
decrease in MP%*%kodiatte et al 2012 showed MPV is increased in
patients with diabetes and had a positive coraxatith fasting blood sugar,

post prandial blood sugar and HbA1c lef?&ls

Also our study does not show any correlation of Mi?th gender and
duration of diabetes which is same as previousiedttf® This suggests the
fact once vascular damage starts it will be coristarad continues for the

duration of disease independent of both durati@hghycaemic control.

Coban et al states MPV was found to have a sigmficorrelation
with BMI.®% It also proves that implementing diet treatmerit wduce the
MPVY? Our study also shows a significant positive elation of MPV
with BMI. Many previous studies suggests a configtresults with MPV
and BM[*®*®) We need to do larger studies with more patientfinm the

correlation.
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Study done by turgutalp et al showed significardifpee correlation of
MPV with serum creatinine and negative correlatrath GFR in diabetic
nephropathy patierftd’ Another study by barbek et al showed that MPV was
higher in patients with low creatinine cleardfi2eOur study shows no
correlation between MPV and creatinine. This waslared by the fact we

excluded patient with low GFR.
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CONCLUSIONS



CONCLUSIONS

Mean platelet volume is significantly higher in loigdes mellitus

patients than healthy controls.

In diabetes mellitus patients, Mean platelet volummesignificantly
higher in those with high albuminuria (previouslycmalbuminuria) and
very high albuminuria (previously macroalbuminunahen compared with

patients having normoalbuminuria.

It suggests platelet may have a role in causing vascular
complications of diabetes particularly diabetic m&pathy. Mean platelet
volume is a simple, easy and affordable investgatin our study there is a

positive correlation exists between MPV and BMI.

Also our study suggests no correlation of meanefgatvolume with
HbAlc, fasting blood sugar, postprandial blood sugarum creatinine, total
cholesterol, duration of diabetes, age and sexth€urarger studies are

needed to show its correlation in the future.
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LIMITATIONS



LIMITATIONS

The presence and absence of other diabetic caatiphs was not

analysed in the study.

The study includes only moderate size sample

Effects of the medications such as insulin andlaméhyperglycaemic

on MPV was not included in this study.
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ANNEXURES



PROFORMA

MEAN PLATELET VOLUME IN PATIENTS WITH TYPE 2 DIABET ES
MELLITUS AND ITS CORRELATION ACROSS VARYING

LEVELS OF ALBUMINURIA AND HBA1C LEVELS

Name : Patient ID :

Age

Sex

Duration of diabetes

H/O chest pain

H/O claudication pain

H/O blurring of vision

H/O chest pain

Past H/O : h/o CAD, CVA, HTN

Personal H/O : h/o smoking , alcohol



General examination

= BMI
= BP

= Pallor

Systemic examination

= CVS

= RS

ABDOMEN

= CNS

Investigations

Mean platelet volume

= Albumin creatinine ratio

» Fasting blood glucose

» Post prandial blood sugar
= HBALC

= Platelet count

= Total cholesterol

» Haemoglobin

=  Sr creatinine
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INTRODUCTION

Diabetes mellitus is a syndrome of altered carbohydrate metabolism
characterised by deficiency of endogenous insulin production or defect in

act

Mean platelet volume is one of the haematological parameters used to
assess platelet function and activity. Large volumes correlates with increased
platelet activity, and this in tum is associated with increased vascular
complications in diabetes mellitus. Smaller mean platelet volumes on the other
hand are associated with reduced platelet activity

Conventionally, microalbuminuria, defined as daily urine albumin
excretion of 30-300 mg. It is one of the carliest indicators of diabetic
nephropathy. However, according to the latest KDIGO guidelines, the term
‘microalbuminuria should no longer be used and urinary albumin excretion
should instead be categorised as Al A2 and A3, which corresponds to daily

w

<30 mg. 30-300 mg,

this study i i between platelet
activity (as assessed by mean platelet volume), and diabetic complications,
specifically di daily

and also glycacmic control (as assessed by HbAc)




INFORMATION SHEET

We are conducting a study otMEAN PLATELET VOLUME IN
PATIENTS WITH TYPE 2 DIABETES MELLITUS AND ITS
CORRELATION ACROSS VARYING LEVELS OF ALBUMINURIA AN D
HBA1C LEVELS” among patients attending Rajiv Gandhi GovernmemieGsd
Hospital, Chennai and for that your specimen maydbeable to us.

The purpose of this study is to asshesntean platelet volume in type 2
Diabetes Mellitus and correlate across varying lkewé albuminuria and HbA1C

levels.

The following tests:
1. Mean Platelet volume 2. Urine Albumin Creatiningad&. Fasting blood
sugar

4. Post Prandial blood sugar 5. HBALC levels areet performed.

We are selecting certain cases and if you ared@ligible, we may be using
your blood samples to do certain tests which in amay do not affect your final
report or management.

The privacy of the patients in the research wilhegntained throughout the
study. In the event of any publication or preseatatesulting from the research,
no personally identifiable information will be skdr

Taking part in this study is voluntary. You areedrto decide whether to
participate in this study or to withdraw at any ¢inyour decision will not result in
any loss of benefits to which you are otherwisédtledt

The results of the special study may be intimategadu at the end of the
study period or during the study if anything isriduabnormal which may aid in the

management or treatment.

Signature of Investigator Signature of Paracip

Date:
Place:
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PATIENT CONSENT FORM

Study Detail : “MEAN PLATELET VOLUME IN PATIENTS WITH
TYPE 2 DIABETES MELLITUS AND ITS
CORRELATION ACROSS VARYING LEVELS OF
ALBUMINURIA AND HBA1C LEVELS ”

Study Centre : Rajiv Gandhi Government General Hospital, Chennai.
Patient’'s Name
Patient’s Age

Identification Number

Patient may check/f these boxes

a) | confirm that | have understood the purpose ofcedure for the above
study. | have the opportunity to ask question dhthg questions and doubtsD
have been answered to my complete satisfaction.

b) | understand that my participation in the studyotuntary and that | am free
to withdraw at any time without giving reason, vaitth my legal rights being 0
affected.

c) | understand that sponsor of the clinical studyhect working on the
sponsor’s behalf, the ethical committee and theleg¢gry authorities will not
need my permission to look at my health recordsh o respect of current
study and any further research that may be conducteelation to it, even if
| withdraw from the study | agree to this accesswiver, | understand that
my identity will not be revealed in any informatiogleased to third parties or
published, unless as required under the law. leago# to restrict the use ofD
any data or results that arise from this study.

d) | agree to take part in the above study and to ¢pmh the instructions
given during the study and faithfully cooperatehmbe study team and to
immediately inform the study staff if | suffer froany deterioration in my
health or well being or any unexpected or unusyalpgoms.

e) | hereby consent to participate in this study. a

f) | hereby give permission to undergo detailed cihiexamination and bloodD
investigations as required.

Signature thumb impression Signature of Investigator

Patient’'s Name and Address Study Investigator's Name
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MASTER CHART



PATIENTSWITH DIABETESMELLITUS
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12 59 | Female | 32.1 5 8.6 11 Al 3.65 116 74 222 12 197 299
13 58 Mae 30.7 6 85 15 Al 3.87 12.7 8.3 187 1.7 234 334
14 54 | Femde | 314 7 84 13 Al 3.98 13.7 55 165 11 97 132
15 49 Mae 321 8 85 11 Al 3.76 12.7 6.1 187 13 113 143
16 47 | Female | 344 11 8.7 16 Al 3.76 11.3 6.4 198 13 102 132
17 54 Mae 29.7 4 89 13 Al 3.54 13.7 7.3 143 0.8 154 198
18 61 | Femae | 28.7 3 7.9 12 Al 3.43 11.2 7.3 203 0.6 176 232
19 46 Mae 27.7 5 8.3 11 Al 331 12.6 6.3 165 13 112 143
20 53 Mae 294 6 84 15 Al 3.34 114 6.1 187 1.7 87 132
21 52 Mae 29.3 7 84 17 Al 3.42 12.7 1.7 234 1.9 198 265
22 51 Mae 30.4 6 85 18 Al 311 134 8.1 222 15 232 398
23 55 Mae 30.7 6 8.6 22 Al 3.17 131 6.6 165 13 113 175
24 56 | Femae | 30.8 5 85 15 Al 4.12 119 6.2 187 12 117 154
25 46 Mae 321 4 89 45 A2 3.87 13.7 7.3 132 1.7 187 232
26 55 Mae 30.5 7 9.2 53 A2 4.43 125 7.1 165 14 198 265
27 53 | Female | 33.2 4 9.1 56 A2 3.65 118 6.2 187 13 112 176
28 54 Mae 34.7 5 8.9 54 A2 3.45 124 7.1 203 16 198 287




29 51 | Female | 34.1 6 8.5 43 A2 3.56 115 1.7 265 15 212 324
30 64 Mae 321 5 9.3 109 A2 4.76 12.7 8.2 235 13 287 398
31 52 Mae 36.3 6 9.6 232 A2 4.86 13.7 7.2 198 13 187 254
32 55 Mae 29.6 4 8.3 134 A2 3.36 13.2 6.1 176 12 197 236
33 49 | Female | 28.7 2 8.6 57 A2 3.65 111 6.3 186 1.7 132 165
34 47 Mae 31.2 1 89 87 A2 4.43 138 7.2 302 14 199 236
35 43 Mae 28.7 7 9 68 A2 4.23 12.3 7.1 202 1.9 197 287
36 52 | Femde | 29.6 6 9.2 90 A2 4.12 115 7.4 243 13 202 298
37 53 Mae 29.9 8 9 112 A2 4.13 12.3 8.1 212 1.9 256 387
38 54 | Femde | 28.2 9 9.1 243 A2 4.12 12.2 6.4 176 13 154 219
39 52 Mae 284 12 85 256 A2 3.87 11.7 7.1 198 12 198 287
40 51 | Femade | 323 6 89 187 A2 3.12 11.3 7.2 234 1.7 232 287
41 49 | Female | 326 5 8.8 115 A2 3.32 119 6.2 154 12 112 165
42 54 | Femde | 32.7 6 9 156 A2 3.34 11.3 6.1 176 14 86 143
43 55 | Female | 32.6 4 9.4 143 A2 3.45 114 8.2 165 15 123 198
44 54 | Female | 32.6 6 9.2 254 A2 3.65 116 1.2 154 12 135 234
45 51 Mae 32.8 7 9.2 232 A2 3.54 12.6 74 176 17 232 342




46 43 Mae 31.7 9.4 124 A2 3.23 125 7.1 187 13 211 323
47 48 Mae 32.9 9.2 187 A2 321 134 7.2 165 12 236 343
48 49 Mae 324 9.2 169 A2 3.53 133 8.1 176 1.8 276 387
49 52 | Femde | 325 9 199 A2 3.32 125 6.4 176 13 132 176
50 51 Mae 32.9 8.7 232 A2 3.73 134 6.1 187 12 84 154
51 52 Mae 32.6 8.8 145 A2 321 12.8 6.3 198 13 102 143
52 55 Mae 324 8.8 87 A2 331 134 7.3 345 13 165 298
53 53 Mae 37 89 76 A2 3.26 12.7 7.5 365 13 212 356
54 53 Mae 31.2 8.1 112 A2 3.14 12.6 7.3 234 1.8 213 298
55 52 | Femde | 29.6 85 169 A2 3.12 124 6.1 198 14 102 143
56 51 | Femde | 25.7 8.6 238 A2 3.87 11.2 6.9 176 13 121 165
57 51 Mae 28.7 8.7 234 A2 312 124 7.1 143 1.9 222 298
58 48 | Female | 30.8 8.1 221 A2 311 11.2 6.6 187 13 187 254
59 49 Mae 294 8 143 A2 4.34 125 6.7 167 12 143 198
60 54 Mae 28.9 8.9 150 A2 4.32 12.2 1.7 198 13 198 267
61 52 Mae 31.2 9.1 434 A3 4.35 11.9 7.2 178 15 212 302
62 45 | Female | 33.3 9.2 387 A3 3.98 115 6.2 167 13 112 165




63 49 Mae 31.9 8.9 543 A3 3.76 125 74 154 18 198 234
64 51 | Femde | 317 8.8 487 A3 3.76 12.7 7.2 178 1.7 178 287
65 53 Mae 31 8.8 587 A3 3.76 12.8 1.7 232 11 198 343
66 52 | Femde | 32.9 9.1 345 A3 3.54 12.2 8.2 254 0.9 276 443
67 55 Mae 29.8 9.2 462 A3 3.56 119 6.4 345 16 123 187
68 53 Mae 34.5 8.8 543 A3 3.78 11.8 59 365 1.7 89 118
69 49 Mae 29.3 9.2 376 A3 3.76 11.7 6 234 18 98 123
70 42 | Female | 331 89 432 A3 3.43 115 7.1 231 1.9 187 285
71 45 | Female | 329 9 387 A3 3.36 12.3 7.5 187 14 202 298
72 54 Mae 27.8 9.1 568 A3 411 125 7.4 235 1.7 245 324
73 53 Mae 28.7 8.3 678 A3 3.98 124 7.2 265 1.9 254 302
74 52 Mae 27.6 9.1 365 A3 3.26 119 7.1 178 1.8 198 287
75 51 | Femde | 324 9 443 A3 3.58 12.8 8.2 243 1.7 254 443
76 49 | Female | 33.7 8.6 467 A3 3.42 11.7 7.8 187 15 276 387
77 48 Mae 28.7 8.7 543 A3 3.23 115 6.5 222 14 123 187
78 45 Mae 321 8.9 442 A3 3.76 114 6.4 287 19 121 176
79 54 Mae 335 8.6 365 A3 3.43 12.7 6.9 302 21 145 187




80 55 | Female | 33.7 8.7 387 A3 3.27 13.2 6.4 332 1.9 112 165
81 53 Mae 335 9.3 398 A3 3.18 12.9 6.5 187 12 105 156
82 51 | Femade | 33.2 9.2 421 A3 3.17 11.7 6.7 176 14 143 187
83 46 Mae 321 9 442 A3 3.15 13.2 1.7 176 13 187 342
84 45 | Female | 29.4 89 467 A3 3.19 11.3 7.4 167 1.9 165 298
85 47 Mae 29.7 89 465 A3 3.45 12.9 7.9 298 1.8 197 387
86 46 | Female | 29.4 9.1 441 A3 3.65 11.3 8.1 287 1.7 232 443
87 55 | Femde | 29.1 9.2 442 A3 3.76 11.2 75 323 1.9 197 287
88 54 Mae 29.3 9.7 324 A3 3.87 12.8 7.2 298 16 187 278
89 51 Mae 28.7 9.2 432 A3 3.36 12.7 7.1 345 15 167 305
90 52 Mae 28.3 9.3 543 A3 3.65 12.9 6.2 298 15 113 165
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12 52 Mae 234 1.7 3.87 112.4 176 0.7 78 102
13 51 Mae 27.8 7.4 4.12 139 179 0.9 89 123
14 57 Mae 29.2 7.9 4.35 134 187 12 98 132
15 58 | Femde | 28.7 8 4.76 115 234 11 86 129
16 48 Mae 26.7 8.1 4.65 14.3 176 15 79 124
17 49 Mae 29 8.2 4.53 13.2 169 14 97 134
18 47 | Female | 289 8.2 4.32 11.8 176 1.7 99 132
19 56 Mae 27.6 8.2 431 13.2 190 12 102 136
20 51 Mae 274 8.1 421 125 204 11 78 103
21 52 | Femde | 275 8 3.78 12.3 176 12 87 132
22 53 Mae 26.4 7.9 3.98 135 187 14 98 138
23 57 Mae 25.7 8.6 3.65 131 189 13 89 137
24 58 | Femde | 24.7 7.8 343 124 167 12 76 129
25 53 Mae 25.8 1.7 3.65 13.6 178 0.8 86 132
26 54 | Female | 25.3 8 3.87 116 165 0.7 97 127
27 55 Mae 26.4 7.9 321 13.2 176 0.5 104 139
28 57 | Female | 27.5 7.6 354 114 168 0.7 95 137




29 53 | Female | 26.7 7.5 3.65 12.2 187 12 86 134
30 52 Mae 26.8 7.6 3.53 134 169 13 76 123
31 49 Mae 26.8 1.7 3.65 13.7 158 14 84 129
32 47 Mae 25.7 7.9 3.23 12.7 178 15 83 132
33 49 Mae 24.9 8 3.56 125 176 12 75 129
34 46 Mae 252 7.9 4.43 12.3 167 0.7 96 138
35 42 Mae 25.7 8.1 4.23 12.7 167 0.8 99 139
36 44 Mae 25.8 8.2 431 13.6 187 13 96 137
37 52 | Femde | 25.3 8.3 3.76 12.3 176 16 103 129
38 58 | Femde | 26.3 8.1 3.65 116 169 13 96 127
39 57 Mae 26.2 8 3.34 116 187 13 94 124
40 59 | Femde | 26.1 8.1 441 124 197 18 93 126
41 56 Mae 27.2 7.9 4.46 13.2 176 16 92 132
42 47 | Female | 28.3 7.6 4.35 116 187 15 98 135
43 59 Mae 275 7.9 431 125 196 13 103 145
44 60 | Femae | 26.9 7.8 2.92 124 187 12 87 132
45 52 Mae 254 8 3.12 13.6 197 11 98 136




46 48 | Female | 26.8 8.1 3.76 12.2 186 1.7 86 146
47 47 | Female | 256 8.2 354 11.7 178 18 75 132
48 52 Mae 26.4 8 3.32 12.7 178 19 86 126
49 57 Mae 26.2 7.8 3.57 13.2 198 0.9 85 128
50 56 Mae 26.9 7.9 3.15 145 205 0.8 76 132




KEY TO MASTER CHART

S.NO : serial number

BMI : body mass index

FBS : fasting blood sugar

PPBS : post prandia blood sugar

Al : normo albuminuria (< 30 mg/gm of creatinine)
A2 : high abuminuria (30- 300 mg/gm of creatinine)
A3 : very high albuminuria (> 300 mg/gm of creatinine)
TC : total cholesterol

HB : haemoglobin

PLT : platelet count

HBA1C : glycated haemoglobin

URINE ACR ) urine albumin creatinine ratio

MPV : mean platel et volume

M : male

F : female
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