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INTRODUCTION



INTRODUCTION

Diabetes mellitus is a metabolic disorder that niyaiportrays the
phenotype of hyperglycemia. The various types abédies mellitus are the result
of a complex interaction between genes and enviemah factors. The two major
categories of diabetes are type 1 and type 2 thatigdr forms have also been
increasingly recognized. A complete or near totaillin deficiency defines type

1 diabetes whereas type 2 is characterized byimegistance in variable grades.

Of the two, our topic of interest remains to bpety diabetes mellitus and
the disease by itself is polygenic and multifacbrits etiopathogenesis is still an
unresolved mystery and various factors such asimegbansulin secretion, insulin
resistance, excessive hepatic glucose productiomorenal fat metabolism and

low grade systemic inflammation are said to coateb

Monitoring the level of blood sugars includes pias glucose level
measurements as well as a long term assessmenemsaith as HbAlc, keeping
in mind that both these measurements are actuaihptementary to each other.
The need for a marker of diabetes control has s&én unmet with an ideal

marker not requiring fasting but still cost affobtia

Ferritin on the other hand is the storage fornraf and is also an acute
phase reactant. It is a globular protein complemtaiaing 24 protein subunits
giving rise to a nanocage with lots of metal-proteiteractions. Ferritin also has

other important roles to play such as protectirgglibdy from oxidative damage.



Since in diabetes, there is believed to be a loawdeg of systemic
inflammation serum ferritin levels could very wbk a marker for the activity of
the disease in affected individuals. Moreover tioa istatus plays a major role in

regulating insulin resistance.

Thereby, estimating the levels of serum ferritintype 2 diabetes patients
without any acute infection will lead us to the duy of having another marker for

diabetes control and possible insight into the pgéimesis of diabetes.
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AIMSAND OBJECTIVES

* To determine the relationship between type 2 dexbetellitus and serum

ferritin

* To explore the prospects of serum ferritin as akerafior diabetes control
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REVIEW OF LITERATURE

Diabetes mellitus is a complex metabolic disordiat features
hyperglycemia which either results from defectimsulin secretion or resistance
to the action of insulin or sometimes, even boths Iclassified into four main
types that include type 1, type 2, gestational ather types of diabetes mellitus.
Now, type 1 diabetes mellitus is predominantly eauslue to autoimmune
destruction of the insulin secreting beta cellstled pancreas. Type 2 diabetes
mellitus on the other hand, is the hero of our ptadd is also the most common

type of diabetes.

EPIDEMIOLOGY

The number of people with diabetes mellitus haseiased fourfold times
over the past 30 years. 90% of all individuals wdthbetes have type 2 diabetes
mellitus only. Even though genetic predispositidayyp a major role in deciding
who becomes a diabetic, an unhealthy lifestyle Is® an equally important
contributing factor. Most cases are diagnosed afit@r years of age. This

approximates to a lifetime risk of developing diegseof 1in 10.

Regional differences in the prevalence of diabetay be attributed to the
different environments and also their own genetisceptibility. The crude
prevalence rate of diabetes in India is thoughtdcaround 9%. Considering the
huge population of our nation, this may reflect curden of diabetes. Also,
impaired glucose tolerance is an emerging problermdia. The prevalence of

7



impaired glucose tolerance in India is estimateda@t 8.7%. Nearly 35% of this
population who have impaired glucose tolerance miticeed to develop florid

diabetes mellitus. Truthfully, it would be an urstatement to say that India is

currently facing nothing short of a health carsieri
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ETIOPATHOGENESIS

The major risk factors for diabetes may be classias environmental and
unmodifiable. The heritability for type 2 diabetesgreater than that for Type 1
and can therefore account for up to 40-80% of disesusceptibility. Similarly,

maternal diabetes has a higher chance of maniestithe offspring rather than



paternal diabetes. In recent years, there has &deanof research in the genetics
of type 2 diabetes mellitus. Previous genetic stsidised either candidate gene
approach which was based on the knowledge of pgthwevolved in glucose
regulation or, linkage studies. Though both thgger@aches have helped in the
identification of a significant number of genes,istin fact the application of
Genome wide association studies that has resuttetie discovery of a great
number of diabetes related genes. The first GWAStfpe 2 DM showed the
TCF7L2 gene association and SLC30A8 which encodezaina transporter

expressed in beta cells.

Based on various such genetic studies, the follgwonclusions can be drawn:

* The genes discovered till date account only fomalkproportion of the
population at risk.

* When there are many at risk polymorphisms in alsipgrson there is a
much higher risk of developing diabetes.

» A large number of the genes identified so far appeancrease the risk for
diabetes by decreasing insulin secretion rathen thmcrease insulin
resistance.

 This may cause a slight confusion in the roles othbthese factors

mentioned above.
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INSULIN RESISTANCE

The term insulin resistance refers to a subnorm@bgical response to
insulin that is either secreted endogenously oremivexogenously. Insulin
sensitivity depends upon a number of factors sschge, weight, abdominal fat,
physical exercise and medications as well. Firgirele relatives of type 2 DM
patients will have insulin resistance even befdreytbecome obese, indicating

that there is a stronger genetic component in gveldpment of diabetes.

The absolute amount of body fat present in anviddal plays an
important role in determining the insulin senstiviHowever central obesity has
a greater association with insulin resistance dsw anumber of other parameters
such as, plasma glucose, and total plasma chatestmnd triglyceride
concentrations. The reason for this could be tbdabminal fat undergoes more
lipolysis when compared to subcutaneous fat asag & higher number of

adrenergic receptors. The abdominal fat is alsoemesistant to the lipolytic
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action of insulin and so a higher proportion oftyedcids are released into the
circulation. Of this, the portal circulation recegsthe highest fatty acid load.
Abdominal fat has high levels of 11 beta hydroxgrsid dehydrogenase which
converts cortisone to cortisol. Increased amouritdocal cortisol will alter

adipokines production and thereby increase lipslysi

ENVIRONMENT

A number of interacting factors in between thesues will decide the
phenotypic response of an individual to nutrientertead. For maintaining
metabolic homeostasis excess nutrients must bedsé fatty acids in the form of
triglycerides. These stored nutrients can be nmddliwhen an energy deficit
occurs. But if the storage capacity of adiposeusisis exceeded, then fats also
tend to enter non adipose tissues such as musitde loepatocytes, endothelial
cells and even beta cells. When the adipocyte seiidgea increases, as in obesity,

there is also an increase in the expression oftantss such as leptin, IL-6, I1L-8
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and G-CSF. The expression of these substancestatinacrophages and once the

macrophages arrive, there is a swirl of systenflammmation.

In obesity, there is activation of an unfolded tpno response. This
response is seen in many organs including the, |lagipose tissue and pancreas.
It causes the activation of pathways such as Jdmase pathways which lead to

decreased insulin sensitivity.

Innate immunity can produce inflammasomes, whicte grotein
complexes that control the post translational naiom of interleukins and also
their secretion, mainly IL-lbeta. As is evident,esh can have potent
proinflammatory responses and form some of the magk factors for the
development of type 2 DM. The stimulation of seiorebf this cytokine may also
damage or disrupt the beta cell functioning. Adtva of Toll-like receptors in
cells can lead to insulin resistance. In fact, treatment of diabetics with
anakinra, an IL-1 antagonist reduced plasma glugakess and increased insulin
secretion, again emphasizing on the relationshigvdxn innate immune systems

and the development of diabetes.

Insufficient sleep or poor quality sleep impaing taction of insulin and
raises the levels of ghrelin n the blood, whicimslates appetite. Therefore the
circadian rhythm is important in maintaining gluedsomeostasis. Obesity related
sleep apnoea itself can further exacerbate theeet®f The treatment of this
condition may improve the cognitive symptoms but iemprovement in the

metabolic changes is yet to be documented.
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Once a meal is completed, the excess glucosepssded in the skeletal

muscles after its conversion to glycogen. But tkeletal muscles can only store

so much and that is the reason why insulin resistas appreciated earlier in the

skeletal muscle even before in the liver or adiptissue. Insulin resistance

worsens the situation by causing a defect in glgoogynthesis. When the system

of non oxidative glucose disposal is affected, éiab mellitus sets in.

Increased free fatty acid levels enhance the @haficgprogression from

impaired glucose tolerance to diabetes mellitusthBihe liver and skeletal

muscles extract a sizeable amount of fatty aciois fthe periphery and hence the

measurement of peripheral free fatty acids will redtect the true burden. High



levels of fatty acids inhibit substrate oxidatioh glucose in the muscle. It
competes with glucose for oxidation and increasegsamondrial levels of acetyl
coenzyme A. It also reduces levels of NADH/NAD+ tlwsubsequent inhibition
of pyruvate dehydrogenase. This results in the raatation of citrate inside the
cell which inhibits phosphofructokinase, the impaoittrate controlling enzyme in
glycolysis. So glucose 6 phosphate accumulatedarthie cell, causing decreased

glucose uptake. This phenomenon is known as thdlR&ypothesis.

However in normal subjects raised levels of fratyfacids have not been
found to increase intracellular glucose concerdrati In fact, there has been a fall
in intracellular glucose concentrations which podszk the fall in glycogen
accumulation. These results have been found totiquethe Randle hypothesis

which states that free fatty acids increase inthalee glucose concentration.

Protein kinase C mediated serine phosphorylatibrthe Inhibitor of
nuclear factor Kappa beta leads to unregulatedshveation of nuclear factor
Kappa beta into the nucleus and this mediatesrtbelin resistance associated
with high levels of free fatty acids. This mechamigprobably elucidates how
aspirin may positively affect insulin resistance lagh dose aspirin can cause

disruption of the IKKbeta pathway.

14



Glucose LCFA

Malonyl-CoA
A
Y
GlyCOUEN e (.5.P
IPEK Ace_t‘yl-CoA
Y
F16-P
citrate *
A LCFAcyl-CoA
\J
Pyruvate
CYTO
MITo Citrate

Pyruyate == Acetyl-COA #——— [CFAcyl-CoA

Insulin induced glucose uptake is also inverselppprtional to the
triglyceride content of the muscletMRI can differentiate intracellular froi
extracellular fat in the muscles and highlight tiriglyceride content in th
myofiber. This theory of increased triglyceride st and insulin resistan:
cannot be generalized though as even exerciseasgsantramuscular triglyceris

levels but also heightens insulin receptor sensiti
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Insulin resistance is characterized by a decreasexidative capacity. The
lipid content of the muscle cells is found to tak®ll on the mitochondrial mass.
This attributes to the reduction in mitochondriaidative capacity. The type 1
muscle fibers are generally more oxidative and a@iont greater number of
mitochondria when compared to type 2 fibers. Theety fibers are mainly
glycolytic. The mitochondria inside the myofibrége found to be smaller in the
diabetic population and electron transport chaitividg is also reduced. It has
also been shown that the activity of the electrangport chain and the size of the

mitochondria correlate with the severity of insulasistance.

People with poor aerobic capacity or those whaehasver once practiced
aerobic exercises in their lives are found to haveumber of abnormalities
including obesity, insulin resistance, and hypesi@m The above mentioned facts
could possibly suggest that the defects in metatvolhave a stronger genetic

basis.

NEAT (non exercise activity thermogenesis), an rging concept in the
present is equal to the energy spent for everythiag is not basal or exercise
related. The slight differences in activity throoghthe day can consume about
350 calories in one day. Long term differenceshis energy expenditure could
affect or cause changes in skeletal muscle metabolThis is an active area of

research at present.
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Hyperinsulinemia vy itself can cause insulin resis&a High concentratior
of insulin can causdown regulatio of the insulin receptors and desensitize
pathways. It has been shown that prolonged hypdinemia (for more than 24
and 72 hours)even in normal individuals inhibits the insulin finocausing nol
oxidative disposal of glucose. This is becausenohgaired ability of the insuli

to stimulate glycogen synthase. In obese and ovghiv@ersonsinsulin levels

can be brought dowin orde! to increase the insulin sensitivity.
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Insulin signaling affects many processes such asamarcid metabolisir
protein synthesis and apoptosis. Insulin signalmactivated via cell surfac
receptorbinding and a cascade of phosphorylation and degtooglation event
occur in succession along with the generation abisd messengers and a
inter{protein interactions which result in a number oftabelic events in ever
tissue. The insulin recep has two parts to it. Insulin itself binds to thets
subunit which is extracellular and activates thieaicellular portion or the be
subunit. The beta subunit is also liable to undelgyine or threonin
phosphorylation. Any intervention that decses the serine phosphorylation of

beta subunit of the insulin receptor actually iases insulin signaling
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Once the receptor is internalized and protein tpesphosphatase

dephosphorylate it, insulin signaling sto

Thereby increased avity of the above mentioned enzyme can i
attenuate insulin signaling. Two protein tyrosinegphatases PTP1B and L/
are increased in those with insulin resistance afiteris which are associated w
the number of insulin receptors, their splicingafficking, binding anc

phosphorylation can all cause forms of insulingesice

An excess amount of glucocorticoids have alwaysabdaeown to caus
significant insulin resistance. Though the exactimamism is not know, fat gets

redistributed from té periphery to the central compartments of the [
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Glucocorticoids also raise the levels of free fatyds and triglycerides in the
blood. At a molecular level steroid also has ite&s on the proteins which are
necessary for the action of insulin in the liveddahe muscles. Steroids can raise
glucose concentrations and elevate blood presdiwesigh the activation of

PPARalpha receptors.

Hyperglycemia is an important factor with respecthe development of
complications of diabetes and this is reflectedhia fact that a decreased in the
average blood glucose can have a profound effectthan prevention of
complications. Regarding the glucose pathways, cglex6-phosphate inside the
cell has multiple metabolic fates. The hexosamiagway accounts for less than

3% of the total glucose used.

Evidence claims that the hexosamine pathway ismbe reason for the
defect in the glucose utilization that is assodat&h hyperglycemia. Diminished
expression of sarcoplasmic reticulum calcium ATPasecardiac cells and
increased TGFbeta in the vascular smooth musdie aetl endothelial cells occur
as a result of enhanced flux through the hexosampatbway. Hexosamine, for
example, glucosamine when incubated with adipossuéi can cause insulin
resistance in fat cells. Increased production atgsamine disrupts the ability of

insulin to cause GLUT4 translocation to the surfeicthe cell.
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INSULIN SECRETION AND TYPE 2DIABETES

The measurement of insulin levels via radioimmsag is currently the
most widely used method to test beta cell functigniThough this is widely used
nearly 50-60% of the insulin secreted by the paagie taken up by the liver even
before it reaches the systemic circulation. Thiandard test also has the
disadvantage that it cannot distinguish betweenogeidous and exogenous
insulin. Therefore it cannot reliably detect endumges beta cell function. Anti-

insulin antibodies can add to the inaccuracy of thethod.

Insulin is derived from proinsulin that is cleavieglconvertases to form the
following products: insulin, C peptide, and two ngaof basic amino acids. As C
peptide is released in equal proportions and cdretgans with insulin and is not
taken up by the liver, it may be used as an indicaf endogenous insulin
production. However, C peptide has a long plasnia lii@ and this can be a
disadvantage as they do not change in the samenimpas the change in insulin
secretion rate. Of the total insulin produced, 58%asal and the remaining is
produced in response to meals. There are rapidufitions in the secretion of
insulin and this profile is also disrupted in indiwals with type 2 DM. The
physiological importance of this pulsatile secnefithat is the low amplitude but

rapid pulse insulin mainly relates to the portahvend the liver.
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Diurnal variations in insulin secretion were alsoegent. Maxima
secretory responses were obtained in the mornirepwbmpared to the afterno
or the evening. These diurnal differences highlitje decreased responsiven

of the beta cells to gluce in the later part of the day.

It is the ability of the beta cell to compensate ifasulin resistance th:
determines if the plasma glucose levels will renr@nmal in an insulin resista
person. This must involve increased secretion &ulin evel when normal
concentrations of blood glucose are present. Fir tith occur, it requires &
increase in beta cell sensitivity to glucose. Thismainly mediated by tw
mechanisms. First, an increased quantity of bella =found to be present
obesiy and other states of insulin resistance. Secasdjin resistance by itself

associated with an increased expression of hexs&inather than glucokinase
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the beta cell. Since hexokinase has a lower Mithaeinstant for glucose when
compared to glucokinase it shifts the glucose insskcretion dose response
graphic curve to the left. This results in enhanceilin secretion over a wide

range of glucose concentrations.

Though there is a heightened sensitivity of betks ¢o glucose in states of
insulin resistance, the degree of both must be medtin order to assess for the
adequacy of the compensatory response. A sengitindex is used for this
calculation. It must be remembered that both basedl24 hour insulin secretion

rates are higher by more than 3 fold times in olpesple.

In type 2 DM though there is hyperinsulinemia tlegjree of rise in insulin
secretion is not in proportion with the degreenulin resistance. The beta cell
defect in these patients is manifested by an aligehphase insulin response and
a diminished second phase insulin response. In 2ypM increased levels of
proinsulin and other conversion products are seemthé serum. This further
emphasizes that concentrations of individual pegtithust be measured when due
to the confounding effects of these other produatsthe measurement of
circulating insulin. The temporal pattern of insusiecretion is altered in patients
with type 2 DM. In a 24 hour period, normal subgeptoduce equal amounts of
basal and postprandial insulin. But individualshatiype 2 DM produce a greater

proportion of basal insulin in comparison to pastrial insulin.
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This is because of decreased amplitude of the pofsisulin that is
secreted after meals. Thumber of pulses remains unaffected but the anaa
of the pulses is diminishe Overall, the pathophysiology of type 2 DM incluc
insulin resistance, defective insulin secretiomeéased hepatic glucose product

and systemic inflammatiol

24



Initially in the early stages of the disease ghectolerance is maintained to
near normal because of the compensatory increagesuin. But as the disease
progresses, beta cell failure is inevitable andtaaesof insulin insufficiency
develops. When insulin is not present in adequatel$ to suppress the synthesis
of glucagon, glucagon levels also begin to raiséhér detoriating carbohydrate
metabolism. Hence, both impaired insulin productzom insulin resistance can
contribute to the pathogenesis of type 2 SM butréiative contribution of each

of these variables is not determined.

DIAGNOSIS
The American Diabetes Association outlined certaiteria for the diagnosis of

diabetes:

Fasting plasma glucose>=126 mg/dl where fastingised
as no caloric intake for 8 hours

OR

2 hours post-prandial glucose>=200 mg/dl during @GT

The test should be done as described by the WHORBitgrams
of anhydrous glucose dissolved in water
OR
HBA1C >=6.5%, done by a method that has been mettify the NGSP.
When there is no unequivocal hyperglycemia, refesting will be necessary

OR

When a patient has classic symptoms of diabetes,

a random plasma value>=200 mg/dI

25



Screening for prediabetes with an assessmenslofactors is to be done
even in asymptomatic individuals. For the geneaglypation screening begins at
45 years of age and if normal, must be screenad atterval of three years.
Certain high risk groups require to be screenex$rective of their age:

» First degree relative with diabetes

* Race/ethnicity

» History of cardiovascular disease

* Hypertension

* Dyslipidemia

» PCOS (polycystic ovarian syndrome)

* Physical inactivity

» Severe obesity, acanthosis nigricans and condiiessciated with insulin

resistance

In addition to these groups of individuals, pdatsenvith prediabetes,
(HBA1C>=5.7%, impaired glucose tolerance or impaifasting glucose) are to
be tested annually. Women who have been diagnosibdgestational diabetes
mellitus have to be screened every three years thinceghout their lives. Type 2
DM may remain undiagnosed for many years as hypeggtia develops much
more gradually and the early stages of the disass&ell managed by the innate
mechanisms of the body itself. But this does noaméhat the undiagnosed

patients are at any lesser risk of developing tleeavascular and macro vascular
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complications of diabetes. This is especially int@or because the duration

glycemic burden is a major predictor of adverseonmes.

PREVENTION

The diabetes prention program showed that an intensive lifes
management on the part of the patient itself cdoNeer the risk of developin
diabetes by around 58% in a time of three yearsr&were two goals set by t
DPP. One, being a 7% weight loss to be acld over the first 6 months and t
second being 150 minutes of physical activity ire ameek.This goal of 15(
minutes per week was arrived at after calculating amount of calories ot

would need to spend for physical activity thatnsapproximate 70calories.

Reducing the intake of calories is of great impucta though recer
research has confirmed that the quality of fatssaared may be more importe
than the total quantity. If an exercise regimetoibe designed for the preventi

of diabetes, it would e probably include both aerobic exercises and tegsis
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training. Prolonged immobility or a sedantry tinsedefinitely discouraged as
breaking up that time has shown to be beneficia¢ducing post-prandial glucose
values. The beneficial effects of exercise in fagtend to the prevention of

gestational diabetes as well.

ASSESSMENT OF GLYCEMIC CONTROL

Self monitoring of blood glucose is an integrakrtpaf management of
diabetes. This allows patients to evaluate thereseand see if they are actually
achieving their targets. This can give self satisf@m to the patients. SMBG
accuracy is dependent on the instrument and the lRagents must be taught how
to use the data obtained from SMBG to adjust cadomexercise or medications. It
Is especially important in the monitoring of hypgggmia in diabetics. For
patients with type 2 DM on a less intensive insuégimen, frequent monitoring
of blood glucose may be useful as the frequenayirectly proportional to the
chance of meeting HBA1C goals. Continuous glucosmitaring measures
interstitial glucose which correlates well with @taa glucose and is very useful in

the management of brittle diabetes.

The HbA1C testing reflects average glucose legeés 3 months and is a
major determinant of the complications of diabeldss test is to be performed in
all patients with diabetes at the beginning of dssessment as well as for the
monitoring of the disease. Any condition which @ter the RBC turnover may
cause discrepancies in this test. Examples of soalitions include hemolytic

anemias, blood transfusions, agents stimulatingheygoesis, and pregnancy.
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Hemoglobin variants can severely alter the HbA1@&lle The disadvantage of
this test is that it does not provide an insigho ithe glycemic variability of the

patient or the risk of hypoglycemia.

Regarding the goals for HbA1C a reasonable gaalimst patients would
be 7%. Even more stringent control such as 6.5% b®aget but the risks of
hypoglycemia must be kept in mind. Stringent cdnwb HbA1C values is
associated with a delay in micro vascular complheest and further lowering of
HbA1C from 7 to 6% makes the absolute risk of cacapions much smaller. But
with the recent trend of polypharmacy in type 2 Qi risks of these lower

glycemic targets easily outweigh the benefits.

Though micro vascular complications increase tluebidity of life it is
cardio vascular disease that contributes to thamax mortality. The ACCORD
trial(Action To Control Cardiovascular Risk In Typ2 Diabetes) compared
intensive and standard glycemic control and alsensive versus standard blood
pressure control and the use of fenofibrate aloritp wtatins to check for a
reduction in the outcome of cardiovascular eveBts it had to be terminated
early due to greater mortality in the intensivecgiymic control arm. Also, the
other two arms of intensive blood pressure cordradhe use of a fibrate showed
no significant benefit. The 10 year follow up c€tADT has shown a reduction

in the number of cardiovascular events but no bewgh respect to mortality.

Thus it can be concluded that patients with a lbisgory of duration of

diabetes, high risk groups, advanced atherosckrasd old age people may not
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benefit from very aggressive targets and theirtgafeust be kept in mind whil

trying to conquer the diseas

Diabetic retinopathy
- Nephropathy
Neuropathy
wee Microalbuminuria
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Hypoglycemia episodes must force the cliniciane-evaluat the regimen
of the patient. Symptoms of hypoglycemia are ibility, hunger, confusior
cognitive impairment, sweating and tachycardiathatsymptoms are not limite
to the ones mentioned above. Clinically significagpoglycemia is defined

blood glucose vaks less than 54 mg/

Although 54 mg/dl is the set value an alert valt@® mg/dl may be use
to avoid the risks of symptomatic hypoglycemia. @ment involves th
immediate ingestion of glucose or carbohydrate aoirig foods. The ace
response is better with glucose rather than cadiralbgs but any form ¢

carbohydrate that contains glucose is enough. lierga with Type 2 DM
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ingested proteins increase the insulin secretidhenbody without concomitant
increasing plasma gluse concentrations. Therefore carbohydrate foodstv

are rich in protein are not to be used in the tneat of hypoglycemi

For those who cannot consume carbohydrates by thehmnglucagon i

indicated.

‘F‘.:..

POINT OF CARE HbA1C TESTING

Any stressful event can worsen the diabetic control and prede
ketoacidosis. In the event of such emergency caafpdins, adjustment of tf

treatment regimen is required and temporary inguly also be necessa
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MANAGEMENT OF TYPE 2 DIABETESMELLITUS
« OBESITY MANAGEMENT
« PHARMACOLOGICAL MANAGEMENT

« CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

OBESITY MANAGEMENT

There is strong evidence that proper obesity mamagt can prevent or
significantly delay the progression from prediabete diabetes. This benefit is
more often observed early in the natural historydiabetes when obesity is the
main reason for insulin resistance and has causett seversible beta cell
dysfunction but the insulin secreting capacity bé tindividual has remained

normal. At every visit, BMI should be documented.

Diet, physical activity and behavioral therapy aadvised for those
overweight and obese individuals who are mentady to undergo weight loss
of more than 5%. This requires a high intensitgméntion and atleast a 500-750
kCal/day deficit. Diets must be individualized. Rbose people who achieve the
short term goals, a long term comprehensive welghs program may be
initiated. This includes monthly contact, continuggk of a reduced calorie diet
and high intensity physical activity for atleast02B00 minutes per week. For
those who desire a weight loss of more than 5%t sBom interventions with a
very low calorie diet, such as <=800kCal/day andnetotal meal replacements
can be prescribed. But these patients are to befullgr selected by medical
practitioners and are also to be kept under clogeitoring. The look AHEAD
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trial did not show that strict lifestyle intervemtis such as obesity management
could reduce cardiovascular events but it did skiat those who had intensive
lifestyle management required fewer glucose lowgripressure lowering and
lipid lowering medications. Further other benef$ weight loss included

improvements in physical and sexual functioning.

The various diets prescribed for diabetes mayediiffi their composition
but it is enough if they create the necessary gneéefjcit. The choice of diet is to

be individualized.

Regarding pharmacological treatment of obesity spiigns must first
consider their choice of anti-diabetic agent. Thosedications that promote
weight loss may be given a preference. Such agaobsde metformin, alpha
glucosidase inhibitors, SGRT inhibitors, GLP-1 agts) and amylin mimetics.
Insulin and thiazolidinediones and insulin secretages are associated with gain

of weight. DPP-4 inhibitors are said to be weightitnal.

The objective of weight loss medications is tophpatients adhere to a
strict diet and exercise regimen. These are indantraindicated in women who

are pregnant or aim to get pregnant.

There are only a few drugs that have been apprbydtle Food and Drug
Association for the treatment of obesity. The driagge been classified into those
used for short term treatment and those used fog ferm management of

obesity.
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Drug

Dose

Aver age weight
lossin 1 year
relativeto placebo

Adver se effects

Phentermine

8 mg tds

Headache, insomnial,
hypertension

Abdominal pain,

D

Orlistat flatulence, liver
(lipase inhibitor) 60-120 mg tds 3.4kg failure and oxalate
nephropathy.
Selective serotoni hsggggr%ci;nnzghe
agonists 10 mg bd 3.2kg serotonin s’yndrom(’a
Lorcaserin suicidal ideation
Phentermine and Paresthesias
Topiramate 15 mg/92 mg qd 8.9 kg serostomia head:'slch
combination '
Naltrexone and L
) Nausea, constipation,
Bupropion 32/360 mg bd 4.1 kg depression vo&iting
combination '
Liraglutide 3 mgscqd 5.9 kg Hypoglycemia,

nausea, vomiting.

Weight loss medications are indicated for patiesith a BMI >= 30 or

>=27 with one or more obesity associated comonpiditetabolic surgery can be

recommended as a treatment option in those wittvia>B=40, or >=35 if blood

sugar levels are uncontrolled with pharmacologmahagement.

It is also seen

that those who undergo surgery maintain glycemidrob for atleast 5 -15 years.

Concerns include dumping syndrome, vitamin and raingéeficiencies, anemia,

osteoporosis and sometimes severe hypoglycemia.
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PHARMACOLOGICAL MANAGEMENT

As of today, there are a wide variety of choiceailable to treat diabetes.
The preferred first line agent in the managemertiabetes is metformin. Unless
and until there are contraindications monotherajth wnetformin shall be the

universal protocol. Metformin is not just safe bigo effective and inexpensive.

One may consider initiating insulin therapy in mhgdiagnosed type 2 DM
who are symptomatic or those who have mean pladutsge levels more than
300 mg/dl. In those diabetics with an HbA1C of mdhnan 10, again insulin
therapy is essential. When HbAL1C levels are moam 9%, dual therapy may

need to be initiated.

If after three months of treatment the prescribedy or drugs do not help
in maintaining the HbA1C levels to the desired tinthen, consider adding
another agent. Continuous evaluation of the reginsefrequently needed to

prevent lack of compliance with respect to thequti
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ESTABLISHED ASCVD OR CKD

ASCVD PREDOMINATES HF OR CKD
PREDOMINATES

PREFERABLY
SELT2 with evidence of

reducing HF and/or CKD
progression in CVOTs If eGFR

IFSGLT2! not tolerated or
| contraindicated of if éGFR less
| than adequate’add GLP-1 RA
with proven CVD benefit

NO

!

FIRST-LINE therapy Is metformin and comprehensive lifestyle (including weight management and physical activity)
It HbA, above target proceed as below

WITHOUT ESTABLISHED ASCVD OR CKD

y

If further intensification is
fequired or patient is now + Avoid T2D in the
unable to tolerate setting of HF
GLP-| RA and/or SGLTZ, Choosa agants
choose aq:vﬂs demanstrating demonstrating CV safety:
nisy + Cansider adding
* Consider adding the othar the other class with
class (GLP-1RA or SGLT2)) proven CVD benefit!
with proven CVD banefit + DPP-4 (not saxaglptin)
* DPP-4i if nat on GLP- RA In the setting of HF (i
* Basal Insulin* nten GLEIRA)
»TIDF + Basal insulin!
T 5L

COMPELLING NEED TO MINIMIZE
HYPOGLYCEMIA
DPP-di GLP-1RA SGLT2H TID
e g
v v v Vv
GLP1RA SGLT2R
SGLT2R SGLTae or oR
OoR OR DPP-4| DPR-di
OR OR
T£D @ TZD GLPIRA
¢ ) ¥ ¥

A, b et

!

COMPELLING NEED TO

PROMOTE WEIGHT LOSS

TREATMENT

REGULARLY
(3-8 MONTHS)

COST IS A MAJOR
ISSUE®®

)

& v

Continue with addition of other agents as outlined above

|

v

J

]

1. Proven CVD benefit means it has label indication of reducing CVD events. For
GLP-1 RA strongest evidence for limglutide > semagiutide > emnatide extended
release. For SELT2I evidence modestly stronger for empagiifiozin > canaglificzin,

1 Be aware that SGLT2 vary by reglon and individual agent with regard
to indicated level of eGFR for inltiation and continued ue

3. Bath empagiifiozin and canaglificin hava shawn reduction
I HF and reduction in CKD progression in CVOTs

4, Degludec or U100 glargine hava demonsirated CVO safaty

£ | v even e sk bnsa i

METFORMIN

Consider the addition of SU° OR basal Insulin:

+ Choose |ater generation SU with lower risu of hypoglycemia
+ Consider basal Insulin with lower risk of hypoglycemia’

0. Considar country- and regl

8. Choosa latar ganaration SU with lower rsk of hypoglycamia

7, Degludec / glargine U300 < glargine L100 / detemi < NPH nsuin

. Semaglutide > lraghutide > dulaglutide > eanatide > Idsenatide

. e spacic comerbiditie (La,no established CVD, low sk of hypogycamis,

and lowar priority o avoid weight gain or no weight-related comorbiciities)

il

of drugs. In

T calabhamhs e b s RBOA1 salathah: chasre

IFiriple therapy required or
SGLT2 and/or GLP-1RA not
tolerated of contraindicated
use regimen with lowest risk of
weight gain

PREFERABLY

DPP-4i (if not on GLP-1 RA)
based on wesght neutrality

v

If DPP-4i nt tolerated o
contraindicated or patient
already on GLP-1RA, cautious
addition of

* SUF « TZD* + Basal insulin

+ Insulln therapy basal
insulin with lowest
acquisition cost

on

* Consider DPP-4i OR
SGLT2I with lowest
acquisition cost™

Biguanides actprimarily by reducing hepatic glucose productiora

activation of AMPactivated protein kinase. Other minor mechanisntude

impairment of renal gluconeogenesis, decreasingjeed of glucose absorptic

enhancing the conversion of glucose to lar by the enterocytes, direct

stimulating glycolysis in tissueimproving glucose removal from the blood ¢

reducing plasma glucagon leve
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The most important feature is that their glucoswelong action is
independent of the functioning of betells, and that is why they rarely e\
produce hypoglycemia. Metformin has a Hife of around 1.-3 hours and is
excreted by the kidneys. In patients with kidnesedse, lactic acidosis is a fea
complication. The most common adverse effects of nrmin are the
gastrointestinal side effects. They are not onlgedelated but also transient.
vitamin B12 absorption is affected annual screemngcommended. It cannot

initiated in patients with an eGFR of less than
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SULFONYLUREAS

The mainaction of thi: group d drugs is to increase the release of ins
from the pancreas. Long term administration of éh@gents may decreaserum
glucagon levels which contribt to their hypoglycemic effect. The fir
generation SUs includes Tolbutamide, Chlorpropanade Tolazamide and the

are outdated at prese

I channel\ Sulfonylurea drugs
' i (block, depolarize)
K* |

\
\

(Closes,

depolarizes)
Glucose
transporter ATP

Ca® channel
GLUT2 T (depolarizatior
GlUCOSE e i tabolism BLL Opone)
eislis

t Ca?r <—@——— Ca’”"

, o\
Insulin L6
o°9
Exocytosis\‘

¢ o
Insulin—"2 o

The second generation drugs are glyburide, Glipizashd Glimepride
These are basically highly efficaciodrugs which are neutral to cardiovascula
kidney disease, are of a low cost, associated waight gain, and have a risk

inducing hypoglycemie
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Meglitinides include Repaglinide and Nateglinidéatt act closing
potassium channels on beta cells and functioninghsglin secretagogues. As
Repaglinide has no sulphur in its structure it rhayused in diabetics with allergy

to sulpha group of compounds.

THIAZOLIDINEDIONES
They are ligands of PPAR-gamma, which is a pathefthyroid family of

receptors. The PPAR receptors are found in the lmwsad liver and fat. They
modulate the expression of the genes involved moua metabolisms, and also
the genes involved in insulin signal transductidhey also play a role in the
genetics of adipocyte differentiation. A triglycdei lowering effect is seen with
Pioglitazone which also has an adverse effect ofemsing the risk of bladder
cancer, whereas Rosiglitazone carries more carslooNar risk than Pioglitazone
and is recommended only in a selected group of latipn when blood sugar
cannot be adequately controlled by other mechanidm&dverse effect common
to both is fluid retention which can worsen heaiture and are associated with

weight gain.

They don’t have a risk of hypoglycemia. Pioglitaeas believed to have
some benefit with respect to cardiovascular dise@bey are of benefit in non
alcoholic steato-hepatitis. Their low cost is prollgavhat can be quoted as their

most attractive feature.
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GLP1-RA

Glucagon-likepeptide 1 receptor agonists are an upcoming cliadsugs.
In type 2 DM, the release of Glucagon like peptglactually reduced after mea
This effect is important as GLP suppresseucagon production and hepa
glucose output. These drugs have a number of merharof action; suppressil
post meal glucagon release, increasing glucose@wlinsulin secretion, slowir
gastric emptying, and a central loss of appetitealso increses the beta cell

mass.

GLP-1R Agonists
v v
Endothelial Cell Effects Nonendothelial Cell Effects

GLP-1R-Mediated
Pathways
Canonical GLP-1R?

1

v

E <~
é—--

These drugs are also highly efficacious, with ancat negligible risk o
hypoglycemia. They are associated with weight kErsd are in fact used for tl
management of obesitThey have a cardio protective effect and can led in

those patients with a high risk of cardiovascuiaedse with Liraglutide showir
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the best results. Administered as subcutaneoustiofe, their disadvantage
their high cost. Liraglutide is also beneficialhialting the progression of diabe
kidney disease. There is an increased risk of tyttonors and acute pancreat

apart from the common gastrointestinal side effe

DPP-4 INHIBITORS

Sitagliptin, Saxagliptin and Linagliptin are inhibis of dipeptidyl
peptidase 4 enzyme which performs the functionegfrdding incretin hormone
such as GLP. Hence these drugs increase circuldéwels of GLP whicl
decreases pogrrandial glucose elations. Sitagliptin has an oral bioavailabil

of 85%and reduces HbA1C from -1%.

| The pleiotropic mechanisms of DPP-4 inhibition |

| CLASSICAL MECHANISM ‘ | NON-CLASSICAL MECHANISMS |
DPP-4 INHIBITION IN  DPP-4 INHIBITION IN  DPP-4 INHIBITION IN DPP-4 INHIBITION
PERIPHERAL PLASMA THE GUT PANCREATIC ISLETS PREVENTS
PREVENTS INACTIVATION  PREVENTSINACTIVATION ~ PREVENTS INACTIVATION INACTIVATION OF
OF CIRCULATING GLP-1IN OF GUT GLP-1 OF ISLET GLP-1 OTHER PEPTIDES

PERIPHERALPLASMA

4 4 4 L

t INSULIN SECRETION GUT and PORTAL "‘ INSULIN SECRETION INTACTGIP
GLP-1 INTACTSDF-1a
.GLUCAGON SECRETION " ‘ GLUCAGON SECRETION sl
‘ ISLET INFLAMMATION
t AUTONOMIC

NERVE ACTIVITY

HEPATIC GLUCOSE
PRODUCTION

Linagliptin is the most recently approved drug amdhe three and h:

been used for monotherapy as v
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The efficacy of these drugs is intermediate bet/thsually do not cause
hypoglycemia. They are weight neutral and are aieatral with respect to
cardiovascular disease and renal disease. Theyoareost effective and there is

also a potential risk of acute pancreatitis assediwith their use.

SGLT-2INHIBITORS
This group of drugs is also known by the name tifo@ns and they

mainly function by inhibiting glucose reabsorptiam the kidney via sodium
glucose transport protein 2. Canaglifozin, Empagiii and Dapaglifozin are
some of the drugs belonging to this class. Of lineet, Canaglifozin was the first
SGLT-2 inhibitor to be approved for use. Functiopahcreatic beta cells are not
necessary for the action of SGLT-2 inhibitors aedde they can be used even in
late stages of type 2 DM. SGLT-2 is expressed enkidney, brain, liver, muscle,

thyroid and heart. They are excreted in urinenastive metabolites.

Apart from the glucose lowering action, they hameltiple effects. They
are protective against atherosclerosis, obesitygetipidemia, and also have anti-
neoplastic activities. They can deactivate the ireangiotensin-aldosterone

system.

It is better to avoid initiating these drugs whe@BFR is less than 60 and

stop them altogether when it is less than 30.
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They have an intermediate range of efficacy. Thexeno risk of

hypoglycemia. Weight loss is the usual rule. Thayeha potential benefit

reducing the risk of cardiovascular disease andam@ of benefit in heart failu

patients. Empaglifozin folwed by Canaglifozin are the best drugs which

slow down the progression of diabetic kidney diseafanaglifozin cannot [

used when the eGFR is below 45 and Empaglifozinvthe eGFR is below 3!

Adverse effects include an increased risk for stations which is th

nightmare for most diabetic patients and hence mamycians double thinl

before prescribing this dru
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But it has clearly been proven in recent studied the benefits outweigh
the risks. The most common and troublesome adveffeet is the frequent
genitor-urinary tract infections and the precipitatof euglycemic ketosis. There

is also an increased risk of bone fractures.

ALPHA GLUCOSIDASE INHIBITORS

The enzyme alpha glucosidase facilitates carbatgddigestion in the
upper gastrointestinal tract. It is attached tolithesh border of the intestinal cells
and breaks down complex carbohydrates into indalicmonosaccharides. When
inhibitors of this enzyme are given they functiog blowing the intestinal
absorption of complex carbohydrates and allowinly amonosaccharides such as
glucose and fructose to be transported out intdotbed stream. Miglitol is more
potent than acarbose. When digestion is minimizest meal hyperglycemia can
be controlled. Major adverse effects are flatulermiarrhea and abdominal pain.
The undigested carbohydrate present in the bowdknsiented by bacteria
releasing gas. They are excreted via the kidneyhande cannot be used in renal

failure.

BILE ACID SEQUESTRANTS

Colesevelam hydrochloride was developed as a steotd lowering drug
but also has an anti-diabetic action by interruyptine entero-hepatic circulation
and decreasing the activation of Farnesoid X re&cefitmay also impair glucose

absorption. Itis not to be used in patients withistory of pancreatitis.
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AMYLIN ANALOGUE
[

? SymlinPen” (58] ,
‘ (pramlintide acetate) pen-injector : !
E For Single Patient Use Only k J
] . :
SymlinPen® 120 120 |
' (pramlintide acetate) pen-injector f . l
— g For Single Patient Use Only E |

Pramlintide is an amylin analogue which alters -prandial glucose levels ai

Ry U7

can be used in both types of diabete suppresses glucagon release and mec
anorectic effects through the central nervous syste delays gastric emptyin

Administration is through subcutaneous route. hnmd be mixed with insulil

during injection.

Human amylin Pramlintide (analog of amylin)

INSULIN

Insulin is a small proin with 51 amino acids in two chains A and B w
disulphide bonds. The goal of subcutaneous inghimapy is to be a replica

the physiological pattern of insulin secretion agchhas possible

Rapid acting insuli- three rapid acting analoguessutin lispro, aspart an

glulisine are available. They can be taken befobeemeal and help in controllir
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postprandial glucose levels. Their duration of actisnaround -5 hours. This

also decreases the riskpost meal hypoglycemia.

Short actinginsulin- regular insulin belongs to this class and is mag
recombinant DNA techniques to resemble human insadiclosely as possible.
onset of action begins in 30 minutes, and durdasts for -8 hours. When sho
acting insulin is injected sicutaneously, the hexamers break down to f
dimmers and finally monomers. Thus there are thages of absorption with tt
final monomeric phase being the fastest. As a apresgce of this, when regul
insulin is given, there is an early p-prandial lyperglycemia with a slightl

increased risk of late pi-meal hypoglycemia.

Intermediateacting insuli- NPH insulin is formed by combining insul
and protamine in equal proportions so that neithdt be present in al

uncomplexed form. The duration of action is f-12 hours.
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Long-acting insulin- Insulin glargine is a solubtesulin. The maximum
activity is maintained for a period of up to 24 h®wr even longer. It is given
once daily. It cannot be mixed with other insuloiusions as the preparation is

acidic. Insulin detemir has the most reproducilffec.

Today insulin can be delivered via portable pejadtons, continuous
subcutaneous insulin infusion devices and standild/ery systems such as

conventional subcutaneous injections.

Basal insulin is initiated at a dose of aroundubits/day and the dose is
adjusted by 2-4 units once or twice weekly if theget fasting blood glucose is
not attained. If control is not possible with baisasulin alone, one may either add
rapidly acting insulin before the largest meal tstgrwith 4 units and gradually
increasing the dose by 1-2 units per week. Theraip8ons are to add a GLP-1
RA or change to premixed insulin twice daily. Thegoing basal insulin dose of
the patient is split into two thirds and one thiatsd the dose is altered by 1-2

units to attain the target.

Inhaled insulin may be used to control post meglenglycemia. It is
contraindicated in all patients with any evidencke obironic lung disease.
Spirometry is a must before beginning this therdpyen in those patients on

combined injectable insulin therapy, metformindse continued.
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CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

Blood pressure is to be monitored regularly arelaf’ated must be broug
down to target levels of 130/80. An ACE inhibitoillwobviously be the firs
choicefor treatment of hypertension in diabetes and eafpgaenicroalbuminuria
Saturated fat, tranf®t and cholesterol intake are to be reduced. &sme fibe!
dietand physical activity is recommended. For thoseeptt who are not alreac
on statin theray it is best to obtain a fasting lipid profile thie time of the firs

Visit.

2016 ADA guidelines for statins in DM

Table 8.1-Recommendations for statin and combination treatment in people
with diabetes

Age Risk factors Recommended statin intensity*
< 40 years None None
ASCVD risk factor(s)** Moderate or high
ASCVD High
40-75 None Moderate
years ASCVD risk factors High
ASCVD High

ACS and LDL cholesterol ~50 mg/dL (1.3 mmol/L)
in patients who cannot tolerate high-dose statins

Moderate plus ezetimibe

-75 years None Moderate
ASCVD risk factors Moderate or high
ASCVD High

ACS and LDL cholesterol =~ 50 mg/dL (1.3 mmol/L) in
patients who cannot tolerate high-dose stating

Moderate plus ezetimibe

*In addition to lifestyle therapy.

**ASCVD risk factors include LDL cholesterol =100 mg/dL (2.6 mmol/L), high blood pressure,
smoking, overweight and obesity, and family history of premature ASCVD.

For all diabetic patients with atherosclerotic hedisease use of hig

intensity statins is indicated. For people morenth@ years of age with diabel

48



but no atherosclerotic disease moderate intenséynswill be the choice of
therapy. For those diabetics less than 40 yearagef with no atherosclerotic
disease no statins are required. If LDL cannotio@idght down to target levels of
70 mg/dl with the highest possible statin dose,itamd of ezetimibe may be
advised. In patients with diabetes and a historgtb&rosclerotic disease aspirin

can be used as secondary prevention.

FERRITIN

Ferritin is the storage form of iron and is onetted first laboratory values
to get affected in the earliest stage of iron deficy. It is a globular protein with
24 subunits. Ferritin that is not found in combioat with iron is called
apoferritin. Free iron aids in the formation of dreadicals also known as the
reactive oxygen species through the Fenton readgerritin concentrations rise
In response to stress implying that it is an aqitase protein. Low ferritin is an
indicator of iron deficiency, but also may indicatgpothyroidism, vitamin C

deficiency or celiac disease.

Increasing concentration of iron and ferritin desithe cells can lead to
insulin resistance and beta cell dysfunction. ldligah to this, diabetes itself
being a state of chronic low grade systemic inflaaiom may elevate serum
ferritin levels. Since ferritin is a marker of bodon stores whose catalytic
reactions just as discussed above could lead id [peroxidation, and lipid
peroxidation may be involved in causing insulinisesce ferritin levels may be

high in diabetes. Secondly, it is believed thahire directly involved in insulin
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signaling.Serum ferritin ranges from -200 micrograms/L. adult males have
average serum ferritin of around 100 whereas dduniales averaging around
When iron stores are deted, the ferritin falls to below 15. Iron relatetsulin
resistance can be improved by inducing a stateaof depletion. In fact, thel
have been studies on improvement of insulin semtyitand insulin secretion aft
phlebotomy in those who had h ferritin type 2 DM.A statistically significan
improvement in insulin sensitivity and secretiors been demonstratein the
therapeutic group. Thus the mechanisms for improwesulin sensitivity
especially in the peripheries should be furtherestigated into. Similarly hig
ferritin levels in the beginning of pregnancy algaassociated with a higher ri

of gestaibnal diabetes mellitus (GDM

Ferritin ‘

Found in serum

///\\ «— Shell of Apoferritin T

(24 subunits) Ferritin — Give Fet++

Q FeOOH Crystalline core l l

Stored in e Hb

‘erric oxyhydroxide itk ® Heme protein
® GIT mucosa
® Spleen

® BM

- TTM
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SIGNIFICANCE OF SERUM FERRITIN

* A study by NG Forouhi on how elevated serum ferniill predict the onset
of newly diagnosed type 2 diabetes mellitus cormtusignificantly that serum

ferritin is an important determinant.

* A study by JM Fernandes-Real in 2002 showed howhagtbmy is of benefit
in improving insulin sensitivity in type two dialest mellitus, especially as

most of them had high serum ferritin levels.

A study by TP Tuomainen tested the association @twbody iron and
glucose homeostasis indices. It was a cross-settmmpulation study. It was
noted that fasting serum insulin concentration wagh higher in those with
an elevated serum ferritin. The study finally conidd that mildly elevated
body iron stores were also associated with a sgamt change in the glucose

homeostasis indices.

 The Camden study showed a positive associationdegtvinigh serum ferritin
levels in the beginning of a pregnancy and riskl@felopment of gestational

diabetes mellitus.

* A study done by Rui Jiang showed that heme-iroakimtis associated with an
increasing risk of diabetes mellitus. Total iromake, or heme iron from non

red meat sources did not however show a positiveletion.
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A study done by Swapnil Rajpathak documented 45@&<af type 2 DM.
during the entire follow up period of 20 yearswihs found that heme iron
intake in women was significantly associated with iacreasing risk of

diabetes mellitus. It was a prospective cohortystud

A cross-sectional study done by Megan Jehn in 20@Gmined the relation
between ferritin, insulin resistance and the dewslent of metabolic
syndrome. The study population was around 6044.IuSkm criteria had
hemochromatosis in the list. Insulin resistance wafined by measuring
fasting insulin levels. At the end of the studywias documented that those
with higher serum ferritin levels were more lialde develop metabolic
syndrome and insulin resistance than those withdemm ferritin levels, even

after adjustment for age, race, BMI, smoking, aedl#ol intake.

Nam Hee Kim did a study on serum ferritin in hepldnd diabetic subjects
and showed that serum ferritin had a positive ¢atian with fasting blood
sugar levels. The results suggested that serumtirfecould not only be used
as a marker of diabetes control but also as a mafkesulin resistance in

both controls as well as the subjects.

F Sharifi did a study on the relationship betwedymAHC and serum ferritin
levels and showed that ferritin levels in diabgiatients were high but had no

correlation with HbA1C.
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* Paul cutler did a major study on deferoxamine tmera type 2 DM and
showed that all glycemic parameters improved whegars ferritin levels were

lowered in patients with high ferritin type 2 diabe

* A meta-analysis concluded that elevated serumtifetgvels are very useful

in identifying individuals who are at a high riskaeveloping type 2 DM.

Serum ferritin is measured by Radio immuno-aseakirtique and HbA1C

was also tested by the same method.
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METHODOLOGY

SOURCE OF DATA

The patients admitted in the Rajiv Gandhi Goveminé&eneral Hospital
affiliated to the Madras Medical College from Jaryi2019- June 2019 were
enrolled in our study. 50 patients, confirmed tachses of diabetes mellitus
through the American Diabetes Association critesiap consented to be a part of

this study, were accordingly enlisted.

Cases: 50 patients with Type 2 diabetes confirmed byAD& criteria

Controls: Age and sex matched controls (50 in number) areonon diabetic
and do not have any of the confounding factorstraeed in the

exclusion criteria.

STUDY DESIGN

A Case-control study

INCLUSION CRITERIA
Patients with type 2 diabetes mellitus according A criteria:
» Fasting plasma glucose levels more than 126 mgfdl O
* 2 hour post-prandial plasma glucose levels mone 2@ mg/dl after an
Oral glucose tolerance test with 75 gram anhydghusose dissolved in

water OR
e HDbA1C >=6.5% OR
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* Random plasma glucose levels more than 200 mg/dl

» Patients more than 25 years of age

EXCLUSION CRITERIA
» Patients with acute or chronic inflammation
» Patients with autoimmune conditions.
» Patients on immune-suppressive drugs
» Patients on steroid therapy

» Patients with type 1 diabetes mellitus

PRINCIPAL INVESTIGATIONS
» Complete blood count
* Renal function test
» Fasting blood glucose
» Post-prandial blood glucose
+ HbA1C

e Serum ferritin
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RESULTSAND OBSERVATIONS

Frequency Table
AGE GROUP FREQUENCY PERCENT

40-50 Years 6 6.0

51-60 Years 25 25.0

61-70 Years 35 35.0

71-80 Years 24 24.0

81-90 Years 10 10.0
Total 100 100.0
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DESCRIPTIVE STATISTICS

N Minimum | Maximum Mean S.td'.
Deviation
age 100 44.00 85.00 65.5900 10.2119
Age Group

W 40-50 Years
m 51-60 Years
M 61-70 Years
m 71-80 Years
m 81-90 Years
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GENDER FREQUENCY PERCENT
Male 59 59.0
Female 41 41.0
Total 100 100.0
Gender

H Male

M Female
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DURATION IN YEARS

GROUP FREQUENCY PERCENT
<5 Years 20 40.0
5-10 Years 18 36.0
10-20 Years 9 18.0
Above 20 Years 3 6.0
Total 50 100.0

45% -
40%
35%
30%
25%
20%
15%
10%

5%

0%

<5 Years

40%

5-10 Years

Duration in years

10-20 Years

Above 20 Years
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Crosstab

Group
Agegroup Total
DM Non DM
Count 2 4 6
40-50 Years
% within Group 4.0% 8.0% 6.0%
Count 8 17 25
51-60 Years
% within Group 16.0% 34.0% 25.0%
Count 20 15 35
61-70 Years
% within Group 40.0% 30.0% 35.0%
Count 15 9 24
71-80 Years
% within Group 30.0% 18.0% 24.0%
Count 5 5 10
81-90 Years
% within Group 10.0% 10.0% 10.0%
Total Count 50 50 100
%within group 100% 100% 100%

Pearson Chi-Square=6.121 p=0.190
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40%

35%

30%

25%

20%

15%

10%

5%

0%

40%

34%

% %

%
16%

%
8%

4%

%

DM Non DM

m 40-50 Years m 51-60 Years m 61-70 Years
| 71-80 Years m 81-90 Years
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Crosstab

Group
Gender Total
DM Non DM
Count 31 28 59
Male
% within Group 62.0% 56.0% 59.0%
Count 19 22 41
Female
% within Group 38.0% 44.0% 41.0%
Count 50 50 100
Total
% within Group 100.0% 100.0% 100.0%

Pearson Chgquare=0.372 p=0.5

70%

60%

50%

40%

30%

20%

10%

0%
DM

Non DM

B Male = Female
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Comor bidities Frequency Per cent
None 53 53.0
Alzheimers 2 2.0
Cad 8 8.0
Cad,Ckd,Hypertension 1 1.0
Cad,hypertension 6 6.0
Cad, nephropathy 4 4.0
Ckd 2 2.0
Ckd, hypertension 1 1.0
Hypertension 8 8.0
Hypertension, Old CVA 3 3.0
Hypothyroidism 1 1.0
Nephropathy 7 7.0
Old CVA 3 3.0
Seizure disorder 1 1.0
Total 100 100.0
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Group Frequency Per cent
DM 50 50.0
Non DM 50 50.0
Total 100 100.0
Group
u DM

B Non DM
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Comparison of Valuesfor Two Groups

Std.
Group N Mean Std Error
Deviation
M ean
DM 50 1.44 90265 12765
Creatinine 3.125| .002
Non DM | 50 .95 .64370 .09103
DM 50 11.85 1.06372 .15043
Hb 0.192 | .848
Non DM | 50 11.81 1.01887 .14409
DM 50 157.50| 41.01928 5.80100
FBS 9.368 | .000
Non DM | 50 1000'280 13.52102 1.91216
DM 50 2660'900 64.35909 9.10175
PPBS 14.217| .000
Non DM | 50 1350'860 10.29168 1.45546
DM 50 9.7240 1.90719 .26972
HbA1C 13.684| .000
Non DM | 50 5.9800 32514 .04598
DM 50 1610'100 113.55773| 16.05949
Serum 3.834 | .000
Ferritin
Non DM | 50 | 98.3600 22.22314 3.14283
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Serum Ferritin
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Serum Ferritin
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For ALL 100 samples

Correlations

Hb FBS | PPBS | HbalC | Serum
ferritin
Pearson 1 067 | .104 114 _.067
Correlation
Hb Sig. (2-tailed) 505| .302 258 509
N 100 100 100 100 100
Pearson 067 1 | .8of | .80% 709"
Correlation
FBS Sig. (2-tailed) | .505 .000 .000 .000
N 100 100 100 100 100
Pearson 104 | .8of 1 978" 539"
Correlation
PPBS Sig. (2-tailed) | .302 | .000 .000 .000
N 100 100 100 100 100
Cpears‘?” 114 | 808 | 978" 1 560"
orrelation
HbA1C | Sig.(2-tailed) | .258| .000/ .000 .000
N 100 100 100 100 100
Pearson 067 | .708 | 539" | 560" 1
Correlation
fser.”.m Sig. (2-tailed) | 509 | .000| .000 .000
erritin
N 100 100 100 100 100

** Correlation is significant at the 0.01 leveH@iled).
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For Non Diabetic

Correlations

Hb | FBS | PPBS | HbA1LC Serum
ferritin
Pearson 1 081 | .015 297 _.005
Correlation
Hb Sig. (2- 576 | 919 | .036 972
tailed)
N 50 50 50 50 50
Pearson | o) 1 197 123 143
Correlation
FBS Sig. (- 576 170 393 322
tailed)
N 50 50 50 50 50
pearson | o135 | 97| 1 273 -.092
Correlation
PPBS Sig. (- 919 | .170 055 525
tailed)
N 50 50 50 50 50
Pearson | .97 | 123 | 273 1 146
Correlation
HbA1C Sig. (- 036 | .393| .055 311
tailed)
N 50 50 50 50 50
Pearson | 005 | .143| -092| .146 1
Correlation
serum | SIg. (2= o750 | 355 |  B25| 311
ferritin tailed)
N 50 50 50 50 50

There is no correlation significant at the 0.0%lev
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For Diabetic

Correlations

Hb | FBS | PPBS | HbAILC fser um
eritin
Pearson 1 083 | 215| 187 -111
Correlation
Hb Sig. (2-tailed) 566| 135  .193 444
N 50 50 50 50 50
Pearson 083 1 | 508 | 6158 720"
Correlation
EBS Sig. (2-tailed) | .566 000/ .000 .000
N 50 50 50 50 50
Pearson 215 | 598 | 1 947" 473
Correlation
PPBS | Sig. (2-tailed) | .135| .000 .000 001
N 50 50 50 50 50
Pearson 187 | 615 | 047" 1 501"
Correlation
HbAIC | Sig. (2-tailed) | .193| .000| .000 .000
N 50 50 50 50 50
Pearson | 4191 | 726 | 473" | 501" 1
Correlation
fser.“.m Sig. (2-tailed) | .444| .000| .001 .000
erritin
N 50 50 50 50 50

**_Correlation is significant at the 0.01 leveH@iled).
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Comparison of gender

Independent t test
Std Std.
Gender N M ean . Error | T value| P value
Deviation
Mean
Male 59 1.2814 .89220 11615
creatinine 1.181 241
Female| 41 1.0854 .69158 .10801
Male 59 11.9932 1.04169 .13562
Hb 1.842 .069
Female| 41 11.6098 .99820 .15589
Male 59 | 132.4068 45.02456| 5.8617(
FBS 1.009 316
Female] 41 | 123.8293 36.70824| 5.73286
Male 59 | 203.305]1 75.90199| 9.88160
PPBS 0.286 A75
Female] 41 | 198.6098 87.00025| 13.58716
Male 59 7.8915 2.21696 .28862
HbA1C 0.203 .839
Female| 41 7.7951 2.49278 .38931
Male 59 | 131.5593 74.50510| 9.69974
Serum 0.250 | .803
ferritin
Female] 41 | 127.0976 103.92781 16.23080
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serum ferritin
132.00 - 131.56
131.00 -
130.00 -
129.00 -
128.00 -
127.10
127.00 -
126.00 -
125.00 -
124.00 -
Male Female
Comparison of Duration of DM
95% Confidence
Interval for Mean = =
N Mean S.D SE Minimum | Maximum value | value
L.B U.B
<5
20 .925 572 .128 .657 1.19 925 .57
Years
5-10
18 1.38 677 .160 1.04 1.72 1.38 .67
Years
=
£ 10-20
© 9 2.20 971 324 1.45 2.94 2.20 .97 | 12.81** | .000
0 Years
© Above
20 3 3.03 321 .186 2.23 3.83 3.03 .32
Years
Total 50 1.44 .903 128 1.18 1.70 1.44 .90
<5 20 11.97| 1.095 .245 11.45 12.48 11.97 1.09
Years
£ 184 | .907
510 18 11.72 751 A77 11.35 12.10 11.772 .75
Years
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10-20 g | 1701| 1504 501 1075  13.06 11.91 1.50
Years
Above
20 3 11.70 | 1.473| .85Q 8.04 15.35 11.70 1.47
Years
Total 50 | 11.856 1.064 | .150 11.554 12.15 11.85 1.06
<5 20 | 153.75 43.99| 9.83 133.16 174.34 153.7% 43.99
Years
510 18 | 155.00 34.15| 8.05 138.01 171.99 155.0( 34.15
Years
0 10-20
aa)] 9 171.22| 51.08 | 17.02 131.95 210.48 171.22 51.08| .399 .754
T Years
Above
20 3 156.33| 37.89 | 21.88 62.18 250.48 156.33 37.89
Years
Total 50 | 157.5Q 41.01| 5.80 145.84 169.15 157.5( 41.0]
<5 20 | 264.30| 65.42 | 14.63 233.67 294.92 264.30 65.42
Years
510 18 | 267.88 57.08 | 13.45 239.50 296.27 267.88 57.08
Years
@ | 10-20
o 9 275.66| 85.60 | 28.53 209.86 341.46 275.66 85.60| .115 .951
o Years
Above
20 3 252.00| 55.24 | 31.89 114.76 389.23 252.00 55.24
Years
Total 50 | 266.9Q 64.35| 9.10 248.60 285.19 266.9( 64.35
<5
20 9.49 1.75 .392 8.67 10.31 9.49 1.75
Years
5-10
18 9.88 1.88 444 8.95 10.82 9.88 1.88
Years
O
~ 10-20
< 9 10.03 2.50 .834 8.10 11.95 10.03 2.50 .250 .861
JID Years
Above
20 3 9.33 1.80 1.04 4.85 13.81 9.33 1.80
Years
Total 50 9.72 1.90 .27( 9.18 10.24 9.72 1.90
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Serum ferritin

<5

20 | 146.80| 77.51 | 17.33 110.52 183.07 146.80 77.51
Years
5-10

18 | 143.72] 91.53 | 21.57 98.20 189.24 143.72 91.53
Years
10-20

9 229.22| 197.60| 65.87| 77.32 381.11 229.22 197.60
Years
Above
20 3 156.33| 75.92 | 43.83 -32.27 344.93 156.33 75.92
Years
Total 50 | 161.1Q 113.55| 16.05| 128.82 193.37 161.10 113.55

1.357

.268

** Correlation is significant at p<0.01
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DISCUSSION
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DISCUSSION

A total of 100 participants took part in this stuafywhich 50 were cases, that
Is diabetics and the others were controls or naiatics. Of the total study
population 35% belonged to the age group of 61-§&rg; 25% belonged to
the age group of 51-60 years and 24% belongedet@1h30 years age group.
10% of them were above 81 years of age whereas G%blywere below 50
years of age. Similarly 59 of the total particigantere males and the
remaining 41 females. On a comparison study betwien age group
employed in both the cases and controls, the pevalas found to be 0.190
thereby making age an insignificant factor, or rgmg it from the list of
confounding factorsThere is no statistically significant difference in age

distribution in cases and controls.

On comparing the proportion of males and femaldhéncases and controls, it
Is seen that the p value is 0.542, clarifying ttheet cases and controls have
been gender-matched appropriately. Nearly 38% aifetics and 44% of non-
diabetics are females. In total, 59% of the studstipipants are males and
41% are femalesThere is no statistically significant difference in sex

distribution in cases and controls.

Both the cases and the controls had their equa¢ siialComorbidities, thereby
removing it from the list of confounding factors.rohnd 8 cases had
hypertension as compared to 11 controls. 12 oliOotases had associated

coronary artery disease as compared to 12 out aob@ols. Nearly 50% of
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the participants from both the cases as well asctmrols had underlying
Comorbidities. There is no dtatistically significant difference in the

distribution of comorbiditiesin cases and controls.

On a comparison between the two groups for theowmarivalues obtained
during the study, the following parameters suclcr@satinine, fasting blood
sugar, post-prandial blood sugar, HbA1C, and sdgruriiin levels were found
to be significantly different. The mean creatiniime diabetics was 1.44
compared to 0.95 in non-diabetics. With a p valfiecd.002 this would be

deemed significant.

On the other hand, the mean haemoglobin levelsesatihe two groups were
not significant with a value of 11.85 in one and8llin the other, and the p
value being 0.848.There is no statistically significant difference in

haemoglobin values and their distribution in cases and controls.

The mean fasting blood glucose value in diabetias W57.5 whereas it was
100.7 in the non diabetics. The p value was inatteer of 0.000? and hence
termed significant. The mean post-prandial gludesels were 266.9 in the
diabetics and 135.8 in the non-diabetics and thalpe was significant for

<0.001. Hence this association is also brandedf&ignt.

The HbA1C was 9.72 among the diabetics and 5.98ngntlbe controls. P

value was less than 0.001.
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In the first chart comparing the various valuesioh-diabetics or the control
group it is seen that there is a correlation betwegemoglobin and HbA1C
levels as p<0.05 (p=0.036). The association betwaemoglobin and HbA1C
levels is therefore significant in the control gooBut even after a thorough
analysis, there was no further association betwleewther parameters such as
FBS, PPBS, HbA1C and serum ferritinhere is no statistically significant
association between the blood glucose parameters and serum ferritin

levels among controls.

Of a total of 50 cases of diabetics, nearly 32 adim ferritin levels above
100 showing that the prevalence of elevated sermitif in type 2 diabetics
is around 64% in this study. The same could notolsk about non diabetics
where only 18 of the 50 had ferritin above 100,mgva mere prevalence of
36%. The p value was less than the order of 0.0tileveomparing the fasting
blood glucose and the serum ferritin values in éli@ls thereby making the
association significant. Hence serum ferritin levels are directly

proportional to fasting blood glucose valuesin diabetics.

The p value was found to be 0.001 for the studgssiociation between post-
prandial blood sugar levels and serum ferritin ¢bgrmaking the association
significant. Hence, serum ferritin values are also directly proportional to

the post- prandial blood glucose valuesin diabetics.

On a comparison between the HbA1C levels and sdrmitin levels in

diabetics, the p value was less than 0.001 andeh#éme association was
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significant at the 0.01 level and showed that qmihameters correlated with
each otherHence serum ferritin levels were also found to be directly

proportional to HbA1C levels among diabetics.

Most importantly, the mean serum ferritin in diabgtwas 161.1 whereas in
non-diabetics it was 98.36 with a p value < 0.004kimg it statistically

significant. Thus diabetesis associated with elevated serum ferritin levels.

The duration of diabetes in individuals did not &av significant correlation
with any of the above parameters except seruminheatlevels. The mean
serum creatinine was 0.92 in those with less thgedss of diabetes and 3.03
in those with more than 20 years of diabef@ser efore increased duration

of diabetesisassociated with rising serum creatinine levels.

The duration of diabetes and serum ferritin levedse compared between the
participants and the p value was found to be >0tBBreby making the
association insignificanHence it is seen that the duration of diabetesis not

associated with serum ferritin levels.

The duration of diabetes and fasting and post-pahrodiood glucose values
were not found to correlate with each other. Thealues were greater than
0.01, thereby making it clear thiéte duration of diabetes is not associated

with rising blood glucose values.
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All the participated diabetics of this study wenertier followed up for
adequate management and treated with appropriaigs daccording to the

ADA guidelines.
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CONCLUSION
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CONCLUSION

Many studies have demonstrated the relationshipvdsn serum ferritin
levels and diabetes mellitus so much so that atyeralled high ferritin diabetes
itself has been coined in the recent times. In #tigdy, there is a positive
correlation between type 2 diabetes mellitus armdinseferritin levels and the
various markers of diabetes as well. Serum ferrtas also been shown to
correlate with the other markers for diabetes sashasting and post-prandial
blood glucose levels, that is higher the valuesasting or post prandial blood
glucose levels higher is the serum ferritin in spelients. The study also shows
that the correlation between fasting blood glucasd serum ferritin is slightly
higher than that of post-prandial glucose leveld aerum ferritin. The
prospective of serum ferritin as a diabetes mahas also been explored and

shows positive results.
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LIMITATIONSOF THE STUDY
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LIMITATIONSOF STUDY

The major limitation of the study includes its tataly small sample size
which precludes us from getting the statisticahgigance with respect to

certain variables such as creatinine, which coeld lbonfounding factor.

The effects of iron supplementation have not beeluded in this study

which could have led to clearer concepts aboufrégent over the

counter use of drugs in diabetics and how it wauldact them.
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ANNEXURES



PROFORMA

Patient profile
NAME:

AGE:

SEX:
OCCUPATION:

ADDRESS:

PRESENTING COMPLAINTS
Duration of current complaint:
Any active infection at present:
History of steroid use at present:

History of blood transfusions:

PAST HISTORY
Diabetes mellitus-
HTN -

Renal insufficiency-
Liver disease-

H/O vascular events-
Hypothyroidism-

Coronary artery disease-

OP/IP NO:

DOA:

DOD:



PERSONAL HISTORY
Appetite-

Diet-

Sleep-

Smoking —

Alcohol intake-

GENERAL PHYSICAL EXAMINATION
Built — poor/moderate/well

Nourishment — poor/moderate/well
Pallor-

Icterus-

Cyanosis

Clubbing-

Lymphadenopathy-

Edema-

Weight-

Height-

VITALS
Pulse-
B.P-

Temperature-



SYSTEMIC EXAMINATION

CVS-

RS-

P/A-

CNS-

INVESTIGATIONS

1.

2.

RFT

LFT

FBS

PPBS

U/R

HbA1C

SERUM FERRITIN:
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PATIENT CONSENT FORM

Study detalil : A CASE CONTROL STUDY ON THE
RELATIONSHIP BETWEEN SERUM FERRITIN
AND TYPE 2DIABETESMELLITUSAND ITS
PROSPECTSASA DIABETESCONTROL INDEX.

Study centre : Rajiv Gandhi Goveemt General Hospital, Chennai.

Patient's name

Patient's age

Identification No:

Documentation of the infor med consent

1.1 have read the information in this folrnas free to ask
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exercising my free power of choice and | herebygionsent to be a participant in
this study.
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hospital.

7. | hereby give permission to the investigatoreetease the information obtained
from my participation to the sponsors, regulatartharities, government agencies,
and IEC. | understand that they are publicly pungds

8. | have understood that my identity will be kephfidential if the data are
presented in public.

9. | have had all my questions answered to myfaatisn.

10. I have decided to be in the research study.



11. By signing this consent form, | attest thatitifermation given in this document
has been clearly explained to me and understoadeby will be given a copy of this
consent document.

Name and signature/thumb impression of the pasidipmpartial witness

NAME SIGNATURE DATE

Name and signature of impartial witness requiredlliterate patients:

NAME SIGNATURE DATE
Address and contact no of the impartial witness:

Name and signature of the investigator:
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CASES

.No. | Age Gender Duration Comorbidities Creatinine Hb FBS | PPBS | HbA1C ::r:?tr::‘
1 47 |female 1 year none 0.9 12.7 | 114 256 9 145
2 54 [male 2.5 years none 0.7 13.1 | 122 243 8.7 79
3 65 |male 10 years hypertension 0.9 12.4 | 154 211 7.3 90
4 56 [male 2 years hypertension 0.7 13 188 314 11.5 234
5 53 [male 8 years cad 0.9 12.1 | 210 354 12.6 455
6 62 [female 3 years hypertension 1.1 129 | 124 192 7.9 89
7 66 |female 0.5 years cad 0.5 11 180 244 9.7 188
8 68 [male 1.5 years none 0.4 11.1 | 129 212 8.2 97
9 84 |male 19 years nephropathy 2.7 13.6 | 267 319 12.5 376
10 77 [male 17 years cad,nephropathy 2.3 11.6 | 143 289 10.9 199
11 73 |female 12 years nephropathy 3.1 143 | 171 458 14.6 155
12 76 [male 6 years none 1.1 12.9 | 116 189 7.4 65
13 79 [male 23 years nephropathy 2.9 13 137 258 9.2 112
14 82 |male 9 years cad,nephropathy 3.7 10.6 | 190 276 10 174
15 54 [female 4 years hypertension 1.6 11.1 | 254 398 12.5 322
16 61 [female 5.5 years cad,hypertension 1.3 12.1 | 129 357 13.8 101
17 63 |female 2.5 years none 0.6 10.8 | 110 199 7.5 68
18 78 [male 8 years cad,nephropathy 2.2 10.5 | 129 180 8.6 97
19 68 [female 5 years none 0.7 12.4 | 142 259 9.4 115
20 76 [male 25 years nephropathy 3.4 12 132 194 7.6 113
21 64 |male 6 years none 1.5 113 122 298 10.8 90
22 75 [female 4 years none 1 11.3 | 100 222 8.9 98
23 50 [male 1 year cad 1 146 | 137 257 9 122
24 63 [male 8 years none 1.4 11.8 | 152 277 8.3 132
25 71 |female 7.5 years hypothyroidism 1.6 11.9 | 145 251 8.9 135
26 70 [female 6 years cad,hypertension 1.1 12.7 | 144 230 9.4 95
27 63 |male 0.5 years none 0.4 124 | 163 253 8.7 129
28 60 [female 1.5 years none 0.6 11.1 | 121 216 7.9 77




Serum

S.No. | Age Gender Duration Comorbidities Creatinine Hb FBS | PPBS | HbA1C Ferritin
29 82 |male 15 years cad 0.8 13 111 199 7.8 64
30 81 |male 21 years nephropathy 2.8 10.1 | 200 304 11.2 244
31 57 [male 6 years none 0.9 12.1 | 188 316 11.1 1265
32 74 |female 17 years nephropathy 3.5 10.1 | 211 294 10.5 695
33 81 |male 13 years alzheimers 1.4 11.2 | 138 198 7.6 115
34 66 [female 14 years none 1.8 11.1 | 126 211 8 97
35 64 [male 3.5 years hypertension 1.6 12.8 | 234 269 9.4 269
36 71 |male 5 years nephropathy 2.9 12.3 | 118 214 8.1 112
37 76 [female 8 years none 1.5 11.1 | 155 282 9.8 121
38 54 [male 4 years none 0.7 124 | 212 299 11.3 211
39 63 [female 1.5 years none 0.6 10.5 | 164 404 13.7 2784
40 66 [male 2 years none 0.9 10.3 118 177 7.1 77
41 65 [female 7 years none 0.9 11.3 | 127 231 9.4 88
42 68 [male 10 years cad 1.2 10.8 | 109 239 7.9 111
43 78 [male 18 years cad,nephropathy 3.1 10 155 201 7.5 131
44 77 |male 12 years none 1.1 12.3 | 219 312 10.9 231
45 67 [male 3 years none 1 124 | 148 375 114 70
46 63 [female 2.5 years none 0.6 11.2 | 197 283 10 156
47 73 [female 5.5 years cad,hypertension 1 11.1 | 127 180 7.9 95
48 75 [male 7.5 years alzheimers 1.6 113 | 173 312 11.4 119
49 64 [male 9 years none 1.3 12.7 | 199 333 11.6 150




CONTROLS

.No. | Age Gender Duration Comorbidities Creatinine Hb FBS | PPBS | HbA1C ::r:?tr::‘
1 65 |male - hypertension 0.9 13.7 | 100 139 6.3 100
2 73 [female - hypertension 0.7 11 99 128 6 97
3 45 |[female - none 0.6 10.3 93 140 5 75
4 81 |male - old CVA 0.9 12.3 | 102 124 6.1 103
5 62 |female - none 1.1 12 105 123 5.8 78
6 55 [male - none 0.4 13.2 98 126 5.5 89
7 68 |male - none 0.6 11.3 87 128 5.6 94
8 51 [male - none 0.7 11.4 | 109 129 6.2 104
9 59 [female - none 0.7 11.1 | 106 132 6.2 100
10 66 [male - hypertension, cad 1.1 142 | 118 130 6.4 94
11 44 |male - none 0.8 11.8 73 121 6.1 76
12 71 [male - hypertension, old CVA 0.6 12.1 | 101 146 6.1 66
13 85 |female - ckd 2.6 10.1 119 128 5.8 84
14 53 [male - none 0.9 12.4 88 125 5.7 88
15 55 |male - cad, hypertension 0.6 11.4 85 133 5.6 86
16 56 [female - none 0.8 11.4 | 104 143 6.3 108
17 64 |male - seizure disorder 0.8 11.6 92 125 5.8 154
18 62 [female - none 0.6 12.3 95 125 5.6 75
19 69 |female - old CVA 0.5 12.5 95 128 5.7 105
20 71 [male - none 0.5 12.7 | 128 149 5.6 95
21 77 |female - none 0.8 12.7 | 115 135 6.3 102
22 49 |male - none 0.7 11.9 | 102 137 6.4 77
23 56 [female - none 0.7 12.8 | 103 139 6.3 69
24 55 [male - none 0.7 12.6 | 102 132 5.8 83
25 59 [female - none 0.6 12.8 | 105 141 5.9 97
26 64 [male - ckd 3.9 9.9 92 148 5.6 95
27 67 |female - none 0.9 11.5 83 125 6.2 100
28 76 [male - old CVA 0.8 12.8 87 128 6.4 104




Serum

S.No. | Age Gender Duration Comorbidities Creatinine Hb FBS | PPBS | HbA1C Ferritin
29 77 |[female - cad 1 12.5 90 162 6.1 88
30 83 |male - hypertension, cad 0.6 11.9 99 133 6.3 173
31 48 |[female - none 1 12.7 | 110 126 5.6 134
32 52 |male - none 0.8 12.4 126 140 5.7 97
33 63 [male - none 1 125 | 134 155 6.4 112
34 66 [female - ckd,hypertension 2.4 10.2 88 132 5.8 139
35 58 [female - none 0.7 13.5 81 152 6.4 77
36 57 |male - none 0.5 12.2 92 138 6.2 89
37 69 [male - cad 0.6 13.1 | 106 132 6.4 166
38 57 |[female - none 0.8 10.4 | 106 131 6.1 103
39 64 [male - cad,ckd,hypertension 2.9 9.8 103 131 6.1 102
40 53 [male - none 0.9 11 104 155 6.4 99
41 85 |male - cad 0.7 11.2 92 140 5.9 94
42 75 [female - none 1 10.4 91 139 5.9 92
43 72 [male - hypertension, old CVA 1.1 10.5 | 103 148 5.8 111
44 65 [female - none 0.8 11.2 | 105 143 6.4 69
45 62 [male - none 1.2 11.3 88 133 5.6 87
46 76 |female - none 0.9 11.8 95 134 5.7 101
47 83 |male - old CVA,hypertension 1.2 12.2 96 166 6.4 108
48 55 |male - hypertension 0.9 12.1 71 126 5.8 79
49 52 [female - none 0.6 11 119 136 5.8 99
50 54 |female - none 0.7 11.1 129 134 5.9 101






