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ABSTRACT

Background and Objectives:

Trace minerals have been a subject of interest for a long time and reports citing as

early as 1930s could be seen as a proof of document on the studies being conducted in

the trace minerals aspect of biochemistry. There has been a rising interest as to how

the trace minerals act or bring about their effect in the human health. Of particular

interest among the trace minerals are the zinc and copper. The interaction of these

minerals has been noted in many of the enzymatic reactions of our body. These micro

minerals or the trace minerals as called are required for the optimum human health

mainly because of their involvement in various metabolic reactions. Their interactions

range from various catalytic, structural and regulatory functions during which these

elements of importance react with the so called macro molecules i.e. enzymes, pro-

hormones and biological membranes. The zinc has been found to amplify the

effectiveness of insulin in-vitro and also there are many studies suggesting that zinc

deficiency may aggravate the insulin resistance in the diabetics and zinc replenition

could improve the insulin sensitivity. DM being one of the most important non

communicable disease and also as the incidence is seen to be increasing not only in

the developed countries but also in the developing countries like India and Africa the

effective measures to prevent or minimize the incidence of occurrence or the

complications arising out the diabetes have to be considered significantly. As zinc

supplementation studies have shown to improve the glycemic control in diabetics the

supplementation of zinc could be used for long time to prevent the complications

arising out of the uncontrolled blood glucose levels over prolonged periods. Few other

zinc supplementation studies have also shown to reduce the HDL-cholesterol

concentrations in the diabetic patients. Thus we estimated serum zinc and HDL levels
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in patients of type 2 DM and non-diabetic subjects and correlate levels of zinc & HDL

in cases without any zinc supplementation to see the relation of zinc and HDL-

cholesterol.

Materials and methods:

All cases of type 2 diabetes mellitus from 35 to 50 years admitted or attending

Medicine unit of KLES Dr. Prabhakar Kore Hospital and Medical Research Centre,

Belgaum. Based on calculations from the power of the previous study sample size

were estimated 35 cases of type 2 diabetes mellitus. 35 controls were also selected

depending on the age and sex match criteria.

10 ml of blood was collected from the patients and controls under aseptic

precautionary measures using disposable syringe in heparinized tubes, centrifuged,

serum separated and estimated for HDL-cholesterol and kept at -200C for the

estimation of serum zinc which was analyzed within 30 days from the sample

collection.

Methods of assay

Serum

Zinc – by flame Atomic absorption spectrophotometry (AAS).

HDL – Phosphotungstate/Magnesium precipitation method.

Results

The mean serum value of zinc and HDL-c in cases was 43.03±12.11µg/dl and 29.26 ±

2.42 mg/dl. Statistical analysis carried out by using unpaired student’s t – test showed

significantly reduced serum zinc and HDL-c in cases when compared to controls (p-

value<0.001). The mean serum values of zinc and HDL-c in controls was
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100.43±11.02 µg/dl and 40.11±4.15 mg/dl. There was significant decrease in the level

of serum zinc in cases when compared to controls. Co-relation was done using Karl

Pearson’s co-relation coefficient method between the levels of zinc and HDL-c in the

cases showed positive co-relation but it is not statistically significant.

Interpretation & Conclusion:

Our study revealed that there was positive co-relation between the serum levels

of zinc HDL-cholesterol concentrations. However, the statistical co-relation was not

evidently significant.

Thus supplementation of zinc supplements to the individuals with type 2

diabetes mellitus without proper blood glucose regulation could prove to be beneficial

in regulating the blood glucose levels and thus prevent the complications arising out

of chronic conditions in diabetes. Thus we would like to conclude that the study has

shown decreased levels of zinc in diabetic cases, supplementation of which may be

helpful & the effect of this supplementation on HDL need to be explored.

Key words: type 2 diabetes mellitus, HDL-cholesterol, zinc, DM, zinc transporters,

metallothioneins.
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INTRODUCTION

Mineral nutrients are the chemical substances consistently present in the food

we consume along with the other four basic components i.e. carbon, hydrogen,

nitrogen and oxygen in the form of organic molecules required by living organisms

and known as dietary minerals. The word dietary minerals are bimodal, as it defines

the organic chemical compounds rather than actual inorganic minerals. The following

minerals calcium, phosphorus, potassium, sulphur, sodium, chlorine, and magnesium

are the seven minerals known as major minerals in order of their presence in the

human body, whereas one more group i.e. iron, cobalt, copper, zinc, molybdenum,

iodine, and selenium are the important "trace" or minor minerals, necessary for

mammalian life.1

Since the last two and half decades the number of people working on trace

elements has been on the rise and because of their various metabolic characteristics

and functions, trace elements are considered to be an essential part for optimum

human health. They take part in reaction with many of the important biomolecules

such as enzymes, pro-hormones, pre-secretory granules and biological membrane and

take part in a variety of catalytic, structural and regulatory functions.2 Being an

integral part of many enzymes zinc, becomes a trace element of importance, and plays

a significant role of action in the maintenance of several tissue functions3 to mention

of importance the synthesis, storage and release of insulin.4

In the studies performed at molecular and cellular levels quite a several roles

for zinc (Zn) are being demonstrated starting from the insulin production and

including the consequent actions of insulin on metabolism. The substantiation to the
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saying that decreased zinc concentration is connected with diabetes is proposed by

scientific and epidemiological studies. Studies conducted for zinc in rodent models

with diabetes have derived an appreciated connection for understanding at the

molecular, cellular, clinical and epidemiological explanations in the background of

inter-organ metabolism and the metabolic disturbances of diabetes.5

Zinc is documented as a competitor in paracrine inhibition of glucagon

secretion in α-cells. Zinc accumulates in the islet cells and is related to insulin

secretion. Islet cells act as an entity from within and the hormone secretion in the

islets is profoundly influenced by paracrine and autocrine regulation.6

Without a proper demarcation point and an indistinct leading edge, diabetes

has become to be a disease, concern of the world. Type 2 diabetes mellitus (T2DM)

comprises of a group of dysfunctions characterized by hyperglycemia which is due to

the grouping of resistance to insulin action, insufficient insulin secretion, and

excessive or inappropriate glucagon secretion. Micro-vascular, macro-vascular and

neuropathic complications is due to the reason that being type 2 diabetes mellitus is

not under strict regulation.7

Individuals diagnosed to have Diabetes mellitus (DM) may have several forms

of dyslipidemia. Lipid abnormalities should be assessed aggressively and treated as

part of comprehensive diabetes care because of the additive cardiovascular risk of

hyperglycemia and hyperlipidemia. Hypertriglyceridemia and reduced high-density

lipoprotein (HDL) cholesterol levels is the most common pattern of dyslipidemia. DM

does not itself increase levels of low-density lipoprotein(LDL), but the small dense

particles found in type 2 DM are more atherogenic and also they are more easily

glycated and susceptible to oxidation.8
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Since the 1930s many studies have been conducted, when zinc was first

demonstrated to be an integral element of the insulin crystalline structure, to shed

light on the relationship between zinc and insulin action.9

Interestingly rodent models effectively have shown, oral or intraperitoneal

administration of certain zinc complexes showed insulinomimetic effects in, including

stimulating lipogenesis and attenuating hyperglycemia.10,11 Increasing evidence has

additionally, supported zinc in the role as an antioxidant that could protect insulin and

cells from being attacked by free radicals. From animal studies with supportive

evidence that zinc intake may have protective effects against type 2 diabetes, few

studies in humans have been conducted to examine this relationship.12

In a cross-sectional analysis conducted in Indian population, the increased

dietary zinc intake was found to be associated with a decreased prevalence of diabetes

and metabolic syndrome.13

Studies done earlier suggest that there is decreased level of zinc in diabetics

and also dyslipidemia. Hence this study will be done to estimate the levels of zinc and

high density lipoproteins in type 2 DM patients to check for its altered or deranged

metabolism in the patients on treatment with oral hypoglycemic drugs.
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OBJECTIVES OF THE STUDY

1. To study the levels of following parameters in type 2 diabetes mellitus patients

on oral hypoglycemic agents.

• Serum Zinc

• Serum HDL

2. To compare the values of the above parameters with that of controls.
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REVIEW OF LITERATURE

It always remains a hypothetical kind of question and remains unclear which

arises first: is it the occurrence of diabetes mellitus and increased blood glucose levels

on the zinc homeostasis or is it the modifications in the zinc levels that lead to the

alterations on the carbohydrate metabolism. Perhaps to be more precise, are the

simultaneous, inter-independent events that lead to the changes of one on the other.14

The International Zinc Nutrition Consultative Group (IZiNCG) designed a

technical review to provide an overview of current knowledge regarding zinc nutrition

in relation to human health, summarizing the available information on assessing

population zinc status, and to describe the range of programmatic options for

controlling zinc deficiency that was published in the year 2004.Because of zinc’s

critical structural and functional roles in many enzymes adequate zinc nutrition is

essential for human health whereby they are involved in gene expression, cell division

growth and immunologic and reproductive functions. Dramatically the worldwide

recognition for the importance of zinc nutrition in human health has expanded, and

there has been more accumulation of experience on the design and implementation of

zinc intervention programs, since the publication of that document. Moreover, during

the workshop on zinc supplementation and child mortality and morbidity held by the

World Health Organization (WHO) in September 2006, it was concluded that “in

view of the results of all the trials examining the impact of zinc supplementation on

mortality, morbidity and growth, a consensus was reached on the need to develop new

feasible approaches to improve the intake of zinc and its bioavailability in young

children, in order to achieve adequate population coverage”.Hence, the IZiNCG

Steering Committee concluded that this would be appropriate time to re-examine the
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latest information on the strategies to control zinc deficiency and to reassess the state

of knowledge concerning interventions to enhance the zinc nutrition. 15

The prolonged duration of diabetes results in the outcome of long-term

damage, abnormal functioning and failure of multiple organs, especially those of eyes,

kidneys, nerves, heart, and blood vessels. Many non-physiological processes take part

simultaneously and resulting outcome is the diabetes. These abnormalities vary from

self-mediated break down of the beta-cells of the pancreas with simultaneous decrease

in insulin, leading to abnormalities that result in resistance to insulin action. This

forms the ground work for the abnormalities in the metabolism of the basic bio

molecules i.e. carbohydrate, fat, and protein in diabetes with deficiency of action of

insulin on the target tissues. This inadequate insulin action is due to the deficiency of

insulin secretion and/or decrease in the tissue responses to insulin at many different

steps in the complex pathways of hormone action. The abnormalities of insulin

secretion together with the decrease in insulin action occur simultaneously in the same

patient, and in most situations it remains unclear which incorrect function, i.e. if only

one of the fore mentioned or whether together is the primary cause of the increased

blood glucose levels.16

WHO projects that diabetes will be the 7th leading cause of death in 2030.17

Diabetes epidemic more pronounced in India as the World Health Organization

(WHO) reports show that 32 million people had diabetes in the year 2002. The

International Diabetes Federation (IDF) estimates the total number of diabetic

subjects to be around 40.9million in India and this is further set to rise to 69.9million

by the year 2025 (Fig. 1)18
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A total of about nearly 57 million deaths occurred in the world during 2008; of

that about 36 million (63%) were due to Non-communicable diseases (NCDs),

principally involving cardiovascular diseases, diabetes, cancer and chronic respiratory

diseases. And of these NCDs 80% of deaths (29 million) occurred in low- and middle-

income or the developing countries. NCDs most frequently stand as the cause of death

in most developed countries like America, the Eastern Mediterranean, Europe, South-

East Asia, and the Western Pacific. In the African Region, there are still more deaths

from infectious diseases than NCDs. Even there, however, the prevalence of NCDs is

rising rapidly and is projected to cause almost three-quarters as many deaths as

communicable, maternal, perinatal, and nutritional diseases by 2020, and to exceed

them as the most common causes of death by 2030. WHO projections show that

NCDs will be responsible for a significantly increased total number of deaths in the

next decade. NCD deaths are projected to increase by 15% globally between 2010 and

2020 (to 44 million deaths). The greatest increases will be in the WHO regions of

Africa, South-East Asia and the Eastern Mediterranean, where they will increase by
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over 20%. In contrast, in the European Region, WHO estimates there will be no

increase. In the African Region, NCDs will cause around 3.9 million deaths by 2020.

The regions that are projected to have the greatest total number of NCD deaths in

2020 are South- East Asia (10.4 million deaths) and the Western Pacific (12.3 million

deaths).19

In people with type 2 diabetes mellitus, the risk of cardiovascular disease are

higher, also with cardiovascular deaths representing on top in the list.Epidemiological

studies have demonstrated that diabetes mellitus is an independent risk factor for

cardiovascular disease and it is amplified by the other common risk factors such as

smoking, hypertension and dyslipidemia.One of the most important risk factors for

coronary artery disease (CAD) is hyperlipidemia the prevalence of which is more

among the adults with type 2 diabetes mellitus with a four to six fold greater

cardiovascular mortality than in the general population.20 Though there is no well-

defined role of zinc deficiency in atherosclerosis; but the studies conducted by

epidemiologists in some population groups suggest that there is association of

coronary artery disease with low serum concentrations of zinc. The effect of the

mechanism for zinc on lipoprotein metabolism is not clear, a suggestion is made

regarding requirement of zinc for enzymes involved in lipoprotein metabolism.20 The

onset and the pace of progression of atherosclerotic events are closely linked to

lifestyle and nutrition.21 The progression of accelerated pathology of atherosclerosis is

associated with abnormal glucose tolerance, truncal obesity, increased lipid level and

overall insulin resistance being the most important among the many risk factors.22

Animal studies performed with rodent models suggest that there is decreased

incidence of both type 1 and type 2 diabetes with effective zinc supplementation. The
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decrease of insulin resistance can be bought about in the activation of stress pathway

as a cause of zinc deficiency in the individuals; also accumulating evidence suggests

that patients with type 2 diabetic experience zinc malabsorption and increased

excretion of urinary zinc.23

Although it is unclear about the effect on lipoprotein metabolism with zinc

supplementation, studies have shown lipid-lowering effects of zinc in humans

showing zinc supplementation in the form of tablets to decreases total and LDL

cholesterol, whereas those of HDL cholesterol are increased in both normal and

diabetic humans.24,25 Other studies, however, found a very little significant co-relation

with that of zinc supplementation  and its effect on lipoprotein profiles mainly HDL-c

which either is reduced or not changed.23

Source of Zinc

The food sources with high-protein content are a good source of zinc. The

animal sources - beef, pork, and lamb contain more zinc than fish. Also in chicken red

meat have more zinc than the white meat. Vegetables are the good sources of zinc –

nuts, whole grains, legumes, and yeast. The zinc in the plant protein is not readily

available as the animal protein and thus the fruits and vegetables are not good sources,

animal proteins are better sources. As a result of this the complete vegetarian’s diet

and the low protein diet tend to be low in zinc. Zinc as an additive is seen in most

multivitamin and mineral supplements. The zinc in these supplements may be present

in the form of zinc gluconate, zinc sulfate, or zinc acetate although it is not clear

which of its form has a better bio-availability. Also zinc is found in some over-the-

counter medicines, such as cold lozenges, nasal sprays, and nasal gels.26



Review Of Literature

Page 10

Distribution of Zinc

Zinc is the second most prevalent trace element essential to the body and is

involved in association of structure and function of over 300 enzymes, thus

representing on a whole all major biochemical categories and in turn essential for

normal cell functioning and metabolism.27

The body distribution of Zn is such that the muscle and bone contain 85% of

the whole body Zn, the skin and the liver 11% and the remaining in rest of other

tissue. With respect to organ distribution prostate, retina, muscle, bone, liver, and

kidney have the highest concentrations of Zn.27,28

Considering the intracellular distribution 30%–40% of zinc is located in the

nucleus, 50% in the cytoplasm, organelles and specialized vesicles (for digestive

enzymes or hormone storage) and the rest of the zinc is seen distributed in the cell

membranes. Therefore, the mobilization of zinc from the tissues is restricted, i.e.,

under normal circumstances there is no free Zn. Depending on the source for the

intake the value ranges from 107 to 231 μmol/day and the estimated human Zn

requirement is 15 mg/day. In enzymes zinc has both catalytic and structural roles,

while in zinc finger motifs, the role is more with formation of a scaffold that

organizes protein sub-domains for purpose of interaction with either DNA or other

proteins. The role of Zn is critical as seen with the functioning of a number of

metalloproteins, inducing members of oxido-reductase, hydrolase, ligase, lyases

family and with copper the function is of co-activating in phospholipase C and

superoxide dismutase. In the biological medium there is no active participation of zinc

ion (Zinc 2+) thus does not participate in redox reactions, which makes it structurally

a stable ion. The ions of Zn are hydrophilic in nature and there is no crossing across
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the cell membranes by passive diffusion; therefore, as a result the availability of zinc

in the cells is dependent on its transporters.29

Also in maintaining the zinc homeostasis another cysteine-rich metal binding

protein, metallothionein (MT), plays a significant role.30,31 Significant amount of zinc

excretion takes place mostly in feces and these amounts to about 12–15 mg/day and to

lesser amounts about 0.5 mg/day in urine. Several reviews have shown essentiality of

zinc.27,32

Metallothionein (MT)

The proteins belonging to this class are intracellular cysteine-rich, with a low

molecular weight of around 6–7 kDa and are known as Metallothioneins (MTs). As of

now four isoforms of MTs have been identified among those MT-I and MT-II are

majorly distributed in most tissue. The regulation of the intracellular zinc in the body

system is strictly bought about with the MT by compartmentalization through the

activities of zinc transporters (ZnT) (Fig. 4). The binding affinity of the MTs to zinc is

significantly high and thus aids to play a central role in stabilizing the intra-cellular

zinc availability either through sequestration or release of metal directly. Several

reviews have tried summarizing these physical, chemical, and biological properties of

MT in various approaches.33,34
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Requirement of Zinc with insulin secretion

Large amounts of zinc are stored up in the islets of Langerhans, β cells of the

pancreas; the significant role of importance in relation of zinc with insulin in holding

together the hexameric structure of insulin. In its hexameric structural form the insulin

is a crystalline structure and it comprises of two metals of zinc ions that are attached

to six individual units of insulin, which are kept as a stable non-reactive storage form

in the secretory granules of the pancreas.35 When the stimulus for release of insulin is

brought about from glucose either in diet or other component breakdown it leads to

co-secretion of part of the zinc ion pool of the β cell along with insulin. Once released

the hexameric structure (Fig.2) of insulin becomes immediately unstable on secretion

and then splits into its respective components i.e. active zinc monomeric units and the

individual zinc ions, one of the reasons for the disassociation could be the sudden

release without the pressure and change in pH (5.5 to 7.4) from intracellular pancreas

to extracellular environment. A study done in vitro came to a suggestion that the zinc

ions which in co-secretion along with insulin during the increased blood glucose

levels might contribute to the actual death of the β cell by a paracrine mechanism; it

has been hypothesized that such activity could link increased hyperinsulinism with β

cell necrosis and thus ensuing type 2 diabetes. Thus the role of zinc becomes

indispensable for insulin structure as it makes a requirement when insulin analog was

prepared to ensure its proper activity and stabilization of the structure.36
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Fig. 2.Computer-generated image of six insulin molecules assembled in a hexamer,

highlighting the three fold symmetry, the zinc ions holding it together, and the

histidine residues involved in zinc binding. Insulin is stored in the body as a hexamer,

while the active form is the monomer. 37

The zinc transporters

So far more than 20 zinc transporters that have been identified.38-40 The

classificationof the zinc transporters is mainly done into two families(Fig. 3):

 Zinc transporter (ZnT: the vertebrate cation diffusion facilitator family of

proteins or Slc30a family) and

 Zip (Zrt/Irt-like protein or Slc39a family)
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Thus those of the transporters that belong to the classes of the ZnT members

actively bring about the outwardly directed movement of the zinc to the extracellular

space or intracellular compartments from the zinc present in the cytoplasm of cell,

whereas those belonging to Zips move zinc in a direction opposite to that of ZnT i.e.

from extracellular space to intracellular compartments or the cytoplasm. The

simultaneous action of both of these types of zinc transporters is required essentially

to the maintenance of zinc equilibrium in the cytoplasm (Fig. 4).41

Fig. 3.The predicted membrane topologies of the ZIP/SLC39 and CDF/Zinct/SLC30

families of metal ion transporters. The transmembrane domains are numbered 1, 2,7.41
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Fig. 3.The predicted membrane topologies of the ZIP/SLC39 and CDF/Zinct/SLC30

families of metal ion transporters. The transmembrane domains are numbered 1, 2,7.41
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Fig. 4 Subcellular localization of Zinc transporters and MTs. Localization and

potential functions of Zinc transporters from the Slc39/ZIP (blue) and Slc30/ZincT

(red) families, MT, and metal response element (MRE)-binding transcription factor 1

(MTF1) within the cell. Arrows show the predicted direction of Zinc mobilization.

ER, endoplasmic reticulum. The figure was made based on the previous report.42
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Zinc deficiency and insulin resistance and type 2 diabetes

Another study performed by Park et al. using weanling male Sprague-Dawley

rats to research the effect of absence or reduced zinc on glucose tolerance by

mandatory intra-gastric feeding by supplementing zinc to prevent the reduced food

intake and altered eating patterns demonstrated pattern of producing of glucose

tolerance in rats fed on a zinc-deficient diet. Further their study indicated that in the

rats on a zinc deficient diet, the tolerance to the glucose levels is brought up not due to

change in the blood insulin and glucagon levels but it is possibly due to the opposition

in the distant tissue for the insulin action.43 Further, studies performed by other

associates also validated that the stimulation of insulin resistance in the animals fed

with diet devoid of zinc.44,45

Diabetes mellitus is one of the most common metabolic diseases, which affect

zinc homeostasis in many ways differently.46It is found that in patients with good

glycemic control there is increased concentration of plasma zinc levels than those

without a good glycemic control.47 The zinc thus plays an important role in the

glucose utilization by muscle and fat cells48 Also it is required as a co-factor for the

proper functioning of many intracellular enzymes that may be involved in the

metabolism of protein, lipid and glucose.49 Zinc may be involved in the regulation of

insulin receptor-initiated signal transudation mechanism and insulin receptor

synthesis.50 The synthesis, storage, and secretions of insulin by pancreatic tissue

requires the active participation of the zinc metal for the conformation and integrity of

insulin in its hexameric crystalline form.51 Zinc is an active integral component of

many of the antioxidant enzymes. Much of the resulting complications of diabetes

mellitus could be the result of an increase in the concentration of intracellular oxidant
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and free radicals, the association of which could be linked with decrease in the

intracellular zinc concentration and the antioxidant enzymes dependent on zinc.52

The relationship of zinc with the endocrine system is very closely associated

and it is essential for the normal growth, reproductive function, immune function, and

glucose metabolism. Studies have now demonstrated many chronic illnesses have

now been recognized to be associated with zinc deficiency. Diabetes mellitus is one of

the diseases, which affect zinc homeostasis in different ways. Thus the dependency

between these three is complex with no clear mechanism.46

Although clinical signs of deficiency are not quite obvious many observations

are being related to the deficiency of zinc. Many of the consumable products like

cereals, meat, seafood and dairy products have zinc as constituent. Though the normal

daily intake of zinc is considered to be harmless there is no clear cut demarcation

between the margin for safe and unsafe intake and is relatively very narrow.53 As

there is no specific storage form of zinc, the need for a constant supply persists and

zinc availability to cells is particularly well regulated, inspite of being poorly

understood.54

In accordance, with respect to metabolic diseases like insulin resistance, metabolic

syndrome and diabetes, zinc is considered to play a significant role mainly because 1)

the stabilization brought about by zinc in the storage of insulin in pancreatic β cells in

its inert hexameric form and 2) its role in effectively bringing about the antioxidation,

whereas in insulin resistance and diabetes the oxidative stress is considered to be a

main component in its initiation and progression.55
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The frequency of severe zinc deficiency is not very commonly seen but not

much concern has been shown about the decreased zinc levels in diabetic patients

because of increased loss of zinc due to typical polyuria being one of its main

symptoms. Whereas a few of the studies have reported the presence of zinc deficiency

in type 2 diabetes mellitus individuals, other studies failed to point out significant

differences when compared against the healthy subjects. In the insulin dependent

diabetes (IDDM), with the occurrence of zinc deficiency the pancreatic damage is

expected to flare up the condition. A recent study report has as well described the

occurrence of reduced levels of zinc in obese, insulin resistant subjects.

Concentrations of plasma zinc were found to be lower in type 2 diabetics but that was

not associated with glycemic status or duration of diabetes or parameters of the

metabolic syndrome. Interestingly it was reported that due to the fact that there are

elevated levels of copper in diabetics it could be put up that copper is in fact linked to

metabolic syndrome and diabetes. The increased risk for coronary artery disease

(cardio vascular disease) and mortality due to these has been related to reduced zinc

levels in diabetics.55

Mechanisms of action

There have been several methods trying to improve and explain mechanism of

action of insulin by zinc. It appears that the inhibition of the important glycogen-

regulating enzyme GSK3 (glycogen synthase kinase-3) could lead direct to insulin-

like action of zinc.54 The stimulation of the post-receptor proteins like serine/

threonine kinase Akt also called protein kinase B (PKB) and phosphatidylinositol 3-

kinase (PI3-kinase) include the other mechanisms of action. The levels of cytokines

such as IL-1b as well as NKB can also be reduced by zinc. Also there is possible



Review Of Literature

Page 19

indirect effect possibly brought about by the cysteine-rich protein-metallothionein

synthesis.56Finally the intracellular concentrations of zinc are suggested to be

important for its action rather than the plasma- levels.54

Zinc is an outstanding antioxidant: its action is straight forwardly site specific

competing for iron and copper; the attachment of zinc to SH groups in proteins

prevents the proteins from their oxidation. Because of the property to control the

expression of metallothionein at cellular level Zn is involved in regulation of cellular

redox reactions. The elevation of hepatic antioxidant enzymes has shown to correct

the oxidative stress by dietary Zn as demonstrated.55

In a prospective study performed with a group of 8300 women with high zinc

intake they showed to have slightly reduced the risk for type 2 diabetes and

comparatively this effect was seen to be limited to the zinc-deficient subgroup in the

study.57 There was however reporting of aggravation of glucose intolerance in zinc-

deficient diabetic patients in another study.58 In type 2 diabetic patients with the

presence of micro-albuminuria zinc levels lowered the homocysteine levels while

vitamin B12 and folic acid levels were seen to be increasing. There was no change in

the levels of leptin seen in obese, non-diabetic subjects with the improvement of

sensitivity of insulin.59Whereasin obese women there was no preventive effect seen

against diabetes development.60While in healthy elderly subjects oxidative stress was

reduced by zinc.61

Alteration of zinc in diabetes

There is increasing evidence to point the evidence that diabetes could alter

zinc homeostasis in many different ways, but the most important thing being the
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hyperglycemia, rather than could be due to the primary lesion associated with

diabetes, leading to the increased urinary excretion  and decrease in the concentration

of total body zinc levels. The amount of excretion of zinc via urine is comparatively

much increased in the diabetic patients.62,63 Zinc supplementation is likely to be of

benefit in the treatment of diabetes as it causes a significantly improved level of

retention of zinc in the body tissues. However, it remains unclear whether the

significantly low levels of plasma zinc concentrations which is noticed typically in the

diabetic patients and lab animals whether it is dependent on the type of the diabetes,

duration of time of diabetes, and the age of onset of diabetes.63-66

Altered lipid levels in DM

There is a frequent association between the dyslipidemia and percentages of

increased concentration of glycated hemoglobin. Generally, there is no much

incidence of hyperlipidemia in patient associated with type 1 DM, if they are under

regular treatment with good glycemic control. But in patient with type-2 DM there is

usually much of the incidence of dyslipidemia even if they are undergoing regular

treatment with relatively good glycemic control. The scenario of dyslipidemia in type

2 diabetics is more of like those including elevated plasma triglycerides, elevated Low

Density Lipoprotein-Cholesterol (LDL-C) and decreased High Density Lipoprotein-

Cholesterol (HDL-C). Dyslipidemia stands alone to be a significant risk factor for the

causation of coronary artery disease, one of the leading causes of mortality in patients

with diabetes mellitus. This dyslipidemia remains largely undiagnosed and also

remains under treated in case of the high risk populations.67

In diabetes the improper management may be a factor contributing to the

increased incidence of heart disease among persons with type 2 diabetes especially.68
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The association of lipid abnormalities with type 2 diabetes is typically defined

by an increased concentration of triglycerides and small dense LDL and a low

concentration of HDL-c. There is no much of alterations in the plasma LDL-c levels

are generally and remains normal. The contribution to this atherogenic dyslipidemia is

believed to be due to increased insulin resistance in the diabetics and thus in turn

increasing the hepatic production of very low density lipoprotein(VLDL) and other

apolipoprotein(apo) B containing lipoprotein particles, due to these alterations there is

an increased flux of free fatty acid to the liver.69,70 As a result there may also be

altered or reduced suppression effect of insulin secretion of apolipoprotein B, which

could be at the regulation or degradation level of the apo B, or halting the activity of

microsomal triglycerides transfer protein. Through the action of cholesterol-ester

transfer protein (CETP), the transfer of triglycerides takes place from VLDL to HDL,

thus leading to the formation of triglycerides-dense HDL particles, which are

degenerated by the hepatic lipase and then are rapidly cleared from plasma. Also the

formation of small dense LDL particles mechanism is similar like cholesterol ester

protein-mediated transfer of triglycerides from VLDL to LDL. These could be other

mechanisms which could lead to the impaired clearance of lipid and lipoproteins.71

The impaired lipid levels could be related intrinsically to the alteration in the

normal physiology due to insulin resistance or insufficient insulin action and parallel

metabolic disturbances. One of the most important reasons for the elevated

triglycerides concentration could be the increased turnover of VLDL in the liver,

which is stimulated by an increased movement of glucose and free fatty acids (FFA)

to the liver. In addition to this, also there may be reduced breakdown of the

triglyceride rich lipoproteins (TRLs), including VLDL and chylomicrons, due to the

reduced activity of lipoprotein lipase (LPL). Insulin controls the activity of LPL in
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adipose and its activity may be brought down by insulin deficiency for longer periods

or decrease in the action of insulin. In addition to altered action of the lipoproteins,

changes in size and shape of lipoproteins have also been observed.72,73The increased

concentration of triglycerides(TG) also has significant alterations on HDL

metabolism, since triglycerides metabolism is directly correlated to HDL levels. If the

concentration of triglycerides level increases, the quantity of HDL particles comes

down proportionally. This could be due to increased breakdown rate of HDL. The

enzymes LPL, HL (hepatic lipase) and cholesterol ester transfer protein (CETP) are

the main modulators of HDL-c. These modulators may be affected in type 2 diabetes.

The rate of cholesteryl ester transfer, mediated by CETP, between HDL and the

apolipoprotein-B containing lipoproteins is enhanced during hypertriglyceridemia due

to an elevated concentration of apolipoprotein-B containing lipoproteins. In diabetic

dyslipidemia the HDL particles are often smaller and denser. This is partly due to the

expanded VLDL pool and to CETP over-activity resulting in an increased neutral

lipid exchange. This subsequently leads to triglycerides enrichment of both HDL and

LDL. The smaller and denser HDL particles have altered physiological functions. The

reverse cholesterol transfer capacity may be diminished and the antioxidant potential

may be reduced.74

In order to elucidate the co-relation between HDL and risk of atherosclerosis,

a better understanding of the key factors which are concerned with the regulation in

determining the plasma concentration of HDL particles as a whole and the flux of

lipids through the HDL and reverse cholesterol transport pathways need to be better

understood.75
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Previously done animal studies suggest the strong direct association of HDL

and apoA-I lipoprotein with the potential to cause atherogenesis. The metabolism of

HDL is comparatively much more complicated when compared with that of the other

types of major lipoprotein fractions. Components of HDL are mostly organized after

their secretion. Inter change of apoprotein with or their transfer takes place with the

other lipoproteins and are actively restructured within the plasma component and their

clearance takes place independently in part from one another. Although the most

commonly conceived concept of reverse cholesterol transport (RCT) from movement

of macrophages to liver and then to the biliary excretion is the mechanism most

popularly used to explain the ability of HDL to reduce the chances of atherosclerosis,

there are also other mechanism of HDL been demonstrated in the lab studies that

could support and contribute to anti-atherogenic effects of HDL.76 The apoA-I is

secreted predominantly by liver and intestine as lipid-poor apoA-I and nascent

phopholipid-rich cholesterol-poor HDL particles (Figure 1). Nascent apoA-I/HDL

acquire additional phospholipids and cholesterol via cellular efflux as well as by

transfer of surface components of triglyceride rich lipoproteins (TRL; chylomicrons

and VLDL) during lipoprotein lipase (LPL) mediated intravascular lipolysis of TRL.75

In one of the other reviews, they have attempted to summarize the other

components of HDL metabolism, strongly pointing to three major themes identified.

The first of the theme is about the concept that there is one sided movement of flux

for cholesterol from the extra hepatic tissues to liver in the RCT.75 Also HDL

increases the substantial external movement of cholesterol from the liver tissue, which

serves as a most important source of lipidation for newly secreted nascent HDL

particles. HDL could perhaps be viewed on a whole as a universal plasma acceptor

lipoprotein or as component directing the external movement of cholesterol from the
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cells, thus playing an important role in the regulation of the increased cholesterol

component from the cells for the maintenance of cellular cholesterol homeostasis.

Although the externally directed movement of cholesterol from the macrophages

summarizes to only a very small fraction of overall cellular cholesterol movement, but

it is the most important when concerned to atherosclerosis, thus pointing that it be

more aptly termed as macrophage RCT. The second major theme tries to highlight the

ultimate metabolic fate of HDL in that it has a critical role in remodeling the

intravascular part of HDL by lipid transfer factors, lipases, cell-surface receptors, and

non-HDL lipoproteins. Thus this change in HDL composition due to mechanism of

increased intravascular restructuring leads to more rapid HDL clearance, compared to

the production, and one of the major determinant of decrease concentration of plasma

HDL-c. The last and third major theme is the increasing appreciation that insulin

resistance seems to be co-related with the increased incidence of reduced HDL-c in

humans.77,78In spite of the fact that there is no proper establishment of prevalence of

the metabolic syndrome and insulin resistance among those with low HDL-c in the

general population yet. Therefore understanding the method of HDL lowering in the

insulin resistant states which remain improperly charted out could provide importance

in understanding the co-relation between the occurrence of reduced HDL and

atherosclerosis. There are many other atherogenic factors that could be seen with the

metabolic syndrome, and there is difficulty in this setting to know whether reduced

HDL is simply one of the co morbid risk marker or an important causal factor of

atherosclerosis. To conjure, the reduced HDL aptly represents both a risk marker as

well as a causal factor for atherosclerotic disease in the metabolic syndrome.75
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Fig. 3 Secretion, lipid acquisition, and maturation of HDL particles. The process of

HDL maturation begins with the secretion of lipid-poor apoA-I by liver and intestine,

followed by acquisition of cholesterol and phospholipids via ABCA-1 mediated efflux

from the liver and the transfer of cholesterol, phospholipids, and apolipoproteins from

chylomicrons and VLDL during LPL mediated lipolysis to form nascent pre-HDL

particles. Lipid-poor apoA-I and pre-HDL particles acquire additional cholesterol and

phospholipids from cells in extrahepatic tissues via ABCA1-mediated efflux,

progressively generating particles that are more cholesterol enriched. The enzyme

LCAT, carried on HDL particles, then esterifies the free cholesterol molecules to form

cholesteryl ester, which migrate to the core of the HDL particle to form mature -

migrating HDL particles. These mature HDL particles can acquire additional lipid

from certain cells via efflux mediated by ABCG1 and SR-BI (not shown).75
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Fig. 4 Reverse cholesterol transport mechanism of HDL-cholesterol. Potential sites

for new HDL metrics are indicated.79

The important sites of HDL degradation are kidney, liver, and steroidogenic

tissues. The clearance of HDL may take place either by the process of selective

removal of cholesterol (mainly) and other lipids from the particle, without involving

the uptake of the whole particle, and this process is termed as selective cholesterol

uptake, or by another mechanism wherein uptake and degradation of the whole

particle by endocytosis, including apoA-I, a process referred to as holoparticle HDL

uptake. In addition to reverse cholesterol transport, HDL may take part in various

other processes such as inhibition of endothelial inflammation, promotion of

endothelial nitric oxide and prostacyclin production, and the sequestration and

transport of amyloidogenic proteins, oxidized lipids, and lipids derived from

exogenous pathogens. These fore mentioned functions of HDL may affect the
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processes and bring about atherogenesis. Further, more studies involving HDL

metabolism, RCT, and other HDL functions will increase the likelihood in our

understanding of finding therapies and proving their efficacy in reducing the chances

of atherogenesis in humans.75

The assessments in the laboratory for zinc status are classified into 2 groups:

analysis with the involvement of zinc in body tissues or fluids and the second one for

the purpose of testing the functions of enzymes which are zinc-dependent. In the

studies where the zinc status of large samples i.e. involving larger population groups

the most often used approach to assess zinc status, the choice of analysis measurement

is serum zinc levels. The accepted reference range for normal serum zinc level is 70-

120 μg/dl (10.7-18.4 mmol/L), and the level of 70 μg/dl (10.7 mmol/L) was used as

cut off value as an indicator of zinc deficiency.80

A recently performed meta-analysis on study of the efficacy of the

supplementation of zinc on the level of serum lipoproteins found no general effect,

and it was further hypothesized that it may occur as a result of the disturbed copper

metabolism. In accordance when supplemented zinc in healthy men a 100 mg of

zinc intake per day decreased the HDL concentrations to a considerable extent.

Also, in case of young women who were also asked to ingest the same dose of 100

mg zinc per day showed a reduction in the concentrations of HDL cholesterol.81
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MATERIALS AND METHODS

SOURCE OF THE DATA

The study group consist of 35 cases of type 2 DM patients and the control

consists of 35 equally age and sex matched individuals.

STUDY DESIGN:

Cross sectional study.

STUDY PERIOD

Period of one year from January 2012 to December 2012.

SAMPLE SIZE

The sample size was calculated by the following formula.

STUDY POPULATION.

The study sample consists of 35 clinically and diagnostically confirmed cases

of type 2 DM on oral hypoglycemic drugs  admitted  or  attending  medicine  unit  of

KLES  Dr. Prabhakar Kore Hospital  and  Medical Research Centre, Belgaum.

2 × ( zα + zβ )2 ( S1
2 + S2

2 )2

n =     _______________________

( x1 . x2 )2

(S1, S2, x1, x2, zα, zβ) 82.
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CRITERIA FOR SELECTION OF THE STUDY GROUP

Inclusion Criteria

1. Clinically and diagnostically confirmed cases of type 2 diabetes mellitus on

oral hypoglycaemic agents.

2. Criteria for the Diagnosis of Diabetes Mellitus. 83

 Symptoms of diabetes plus random blood glucose concentration

≥ 11.1 mmol/L ( 200 mg/dL )

 Fasting plasma glucose > 7.0 mmol/L (126 mg/dL)

 Two- hour plasma glucose ≥ 11.1 mmol/L (200 mg/dL) during an

oral glucose tolerance test.

Exclusion Criteria

1. Type 1 diabetes mellitus.

2. Type 2 DM on insulin.

3. Type 2 DM on hemo dialysis.

4. Type 2 DM on multivitamin / zinc supplementation/anti-lipidemics

5. Smokers

6. Chronic alcoholics.
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APPROVAL FROM THE AUTHORITIES:

Permission to conduct the study was obtained from all the concerned

authorities viz.

1. Institutional ethics committee on human subjects research of Jawaharlal Nehru

medical college, Belgaum.

2. Head of Department, Department of Medicine, KLES  Dr. Prabhakar Kore

Hospital  and  Medical Research Centre, Belgaum

OBTAINING INFORMED CONSENT

Informed consent was taken from all the participants in the study. (Annexure I)

SCHEDULING:

This study was carried out for a period of one year. It was undertaken during

January 2012 to December 2012.

PATIENT INFORMATION

A structured proforma was used to collect socio demographic and clinical

information about the study participants. (Annexure II)

COLLECTION OF SAMPLE

Patient preparation:

10 ml of fasting venous blood samples was collected from the patients and the

controls under aseptic precautionary measures using sterile disposable syringes in

plain tubes. The whole blood will be centrifuged and serum separated and kept at 0° C
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to 4 °C for analysis of HDL and at -20°C for analysis zinc to be done within 30 days

from the day of collection.

Methods of assay

Serum

Zinc – by flame atomic absorption spectrophotometry.84

HDL – Phosphotungstate/Magnesium method.85
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PHOTOGRAPHS

Photo No-1: Digital spectrophotometer

Photo No-2: Atomic absorption spectrophotometer

.

Photo No-3: HDL-cholesterol kit

Materials And Methods

Page 32

PHOTOGRAPHS

Photo No-1: Digital spectrophotometer

Photo No-2: Atomic absorption spectrophotometer

.

Photo No-3: HDL-cholesterol kit

Materials And Methods

Page 32

PHOTOGRAPHS

Photo No-1: Digital spectrophotometer

Photo No-2: Atomic absorption spectrophotometer

.

Photo No-3: HDL-cholesterol kit



Results

Page 33

RESULTS

The present study comprises of 35 clinically diagnosed cases of Type 2

Diabetes Mellitus on oral hypoglycemic and 30 normal healthy age and sex matched

controls. The age group ranges from 35 to 50 years. There was significant decrease in

the level of zinc and HDL-c in cases when compared to controls (p-value<0.001).

There is positive co-relation between the levels of zinc and HDL-c in the cases but it

is not statistically significant.

STATISTICAL TESTS USED

The data was tabulated and statistical analysis was carried out by using

unpaired student’s t – test and data correlation coefficient was plotted by Karl

Pearson’s correlation. The mean difference is significant at p value < 0.05.

SERUM ZINC

The mean level of serum zinc in controls was 100.43 ±11.02μg/dl, whereas in

cases it was 43.03±12.11μg/dl. The level was significantly decreased (P< 0.001) in all

the cases of DM in comparison to the controls.

SERUM HDL

The mean HDL level in controls was 40.11±4.15mg/dl. The level in HDL

cases was 29.26±2.42mg/dl. The level was significantly decreased (p< 0.001) in all

the cases of DM when compared to controls.
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Correlation between Zinc and HDL values in cases by Karl Pearson’s correlation

coefficient method

Deriving a co-relation from the data derived between the values of serum zinc

and serum HDL-cholesterol using Karl Pearson’s co-relation coefficient method we

found that there was a positive co-relation between zinc and HDL-cholesterol but

correlation was not statistically significant with ar-value of 0.1384 and p value being

0.4280 in the diabetic cases.
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TABLES

Table 1: Comparison of control and cases with zinc and HDL values by t test

Variable Group Mean SD t-value p-value

Zinc values

Control

(n=35) 100.43 ±11.02 20.7325 <0.0001

Cases

(n=35) 43.03 ±12.11

HDL values

Control

(n=35) 40.11 ±4.15 13.3742 <0.0001

Cases

(n=35) 29.26 ±2.42

Table 2: Correlation between Zinc and HDL values in control and cases by Karl

Pearson’s correlation coefficient method

Correlation between r- value t-value p-value

Zinc vs HDL in controls 0.1153 0.6665 0.5097

Zinc vs HDL in cases 0.1384 0.8025 0.4280

p<0.05 is taken as statistically significant
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GRAPHS

Graph 1: Mean serum zinc levels between the diabetes(cases) and the control

groups

Graph 2: Mean serum HDL levels between the diabetes(cases) and the control

groups
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Graph 3: Relationship between Zinc and HDL values in control group.

Regression equation, Zinc = 0.3062(HDL) + 88.146

Graph 4:Relationship between Zinc and HDL values in cases group.Regression

equation, Zinc = 0.6933(HDL) + 22.745
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DISCUSSION

Diabetes mellitus is being watched upon as a multifactorial disease with

multiple elements of causation, but nevertheless, the prominence of zinc dependency

seems to be poorly understood regardless of the causal mechanisms leading to

diabetes. The associations of zinc in numerous manners of the progress and

advancement of diabetes mellitus stresses the diabetogenic effect of altered zinc

homeostasis and offers new opportunities of diagnosis, prevention and therapy.56 The

prospective properties of mineral nutrients, considering the trace metals especially

zinc, have received partial consideration. Zinc is involved in many processes in the

body system ranging from the action of various enzymes, maintenance of cell

membranes, regulation of gene expression, and cell signaling.86 In a recent review of

the literature they summarized the evidence and identified a tendency of plasma HDL

cholesterol concentrations to be decreased following zinc supplementation.87

In the present study mean level of serum Zn are decreased significantly in

cases compared to controls. Our findings of the significantly decreased serum zinc

levels in cases when compared to controls are in accordance with the study organized

by that of Al-Maroof et. al.80 Kinlaw et. al.88 and Pai et. al.89 which also state that most

of the patients with type 2 diabetes mellitus show zinc deficiency. Also the serum

HDL levels of the controls when compared to cases are reduced significantly. The

incidence of reduced HDL-cholesterol level in the patients with diabetes mellitus

when compared to the non-diabetic individuals is significant. Also in accordance with

the findings of our studies with reduced HDL-c in type 2 DM a number of studies on

HDL levels in type 2 diabetic patients also have showed low HDL levels were

common findings in comparison to non-diabetic control groups as reported by
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Rainwater et.al.90, Seyoum et. al.91, Agrawal et. al.92 and Saaddine et. al.93 Thus, both

the sexes i.e. men and women with the presence of diabetes had a greater frequency of

hyper trigyceridemia and low HDL cholesterol levels.94 A comparable design of

changed plasma lipid profiles was observed in the UK Prospective Diabetes Study

(UKPDS). In this study, the levels total cholesterol of those with presence of diabetes

mellitus and control individuals did not differ. On the other hand, when we see

women with type 2 diabetes mellitus they had markedly elevated levels of LDL

cholesterol than compared to women who did not have diabetes. The plasma levels of

triglyceride in the patients with type 2 diabetes mellitus were also substantially

increased, whereas HDL-c levels were noticeably decreased in both men and women

with diabetes mellitus compared with the non-diabetic controls.95 Reduced Zn

concentrations in the plasma were also associated with increased risk for coronary

artery disease and mortality in diabetics as reported by R.B. Singh et.al.13

The close relationship between zinc and insulin action was first documented

by Scott in early 1930s, when zinc was found to be an integral component of

crystalline insulin. Thus over the period of years, several studies have been conducted

to demonstrate the effectiveness of Zn in diabetes mellitus that zinc ions play an

important roles in the biosynthesis, storage, and action of insulin. Fascinatingly, some

of the zinc complexes, per se, showed insulinomimetic effects, including attenuating

hyperglycemia and increasing lipogenesis, when these complexes were orally or

intraperitoneally administrated to mice. Studies on mechanisms underlying the effects

of zinc on insulin signaling are limited. But current evidence suggested that

enhancement of tyrosine kinase phosphorylation in insulin signal transduction and

improved binding of insulin to its receptor may be involved. Another line of evidence

indicated that zinc could act as an antioxidant as well. Zinc may protect insulin and
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cells from being attacked by free radicals by playing a structural role of antioxidant

enzymes, such as copper, zinc, and superoxide dismutase (CuZnSOD) by competing

with redox-active transitional metals, such as iron or by stimulating expression of

metallothionein a free radical scavenger.57
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CONCLUSION

This study was conducted in the Department of Biochemistry, KLES Dr.

Prabhakar Kore Hospital and Medical Research Centre, Belgaum on 35 diagnosed

type 2 diabetes mellitus cases with equal age and sex matched healthy controls.

The findings of the study suggest that there was a significant difference in the

levels of serum zinc and HDL-cholesterol concentration in cases when compared to

the controls. Data from the study thus demonstrates that though there been a positive

co-relation between the levels of serum zinc and HDL levels the co-relation is not so

significant.

Animal studies have demonstrated the anti-diabetic potential of Zn compounds

thus from our study we would like to highlight to the significance of the regulation of

blood glucose level in the diabetic patients which could be brought about by effective

zinc supplementation and thus prevent the complications arising out of the impaired

blood glucose level. The dyslipidemia being one of the most common manifestations

in a DM and that studies suggesting a hypothetical query if the zinc supplementation

could improve or reduce the HDL-c concentration. The effect of this zinc

supplementation on HDL in DM patients needs to be explored.

.
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ANNEXURE I

INFORMED CONSENT

Mr/Mrs/Ms….…………………………………………………………………… you are

invited to participate in “A cross-sectional study to estimate serum zinc and HDL levels

in type 2 diabetes mellitus patients”. Participation in this study is completely voluntary.

All the patients with type 2 diabetes mellitus and equal number of healthy volunteers

will be enrolled in this study at Jawaharlal Nehru Medical College, Belgaum under the

supervision of

PURPOSE OF THE STUDY

Studies done earlier suggest that there is increased excretion of zinc in diabetics

and also low serum levels of zinc. Hence this study will be done to estimate the levels

of zinc and high density lipoproteins in type 2 DM patients to check for its altered or

deranged metabolism in the patients on oral hypoglycaemic drugs.

PROCEDURE

For type 2 diabetes mellitus patients (Cases) and healthy subjects (Controls), 10

ml of venous blood was collected under aseptic precautionary measures using sterile

disposable syringe in plain vacutainers and labelled centrifuged immediately to

separate serum.

RISKS

Since the blood is drawn under aseptic precautionary measures by trained

persons there is no scope for any risks. Further only small volume of blood is collected

which will be spontaneously replenished in the body. However there may be minor

risks associated with having blood drawn that may include bruising, redness,

discomfort or bleeding at the puncture site.
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BENEFITS

No direct benefit is guaranteed to you from participating in our study. You can

make use of blood levels of studied parameters if desired.

OPTIONS

If you decide not to participate in this study, the hospital will provide you the

usual standard care and treatment.

NEW INFORMATION

Does not apply to this research.

PRIVACY AND CONFIDENTIALITY

All information collected about you during the course of the study will be kept

confidential to the extent permitted by law. You will be identified in this research

record by the code numbers. Information which identifies you personally will not be

revealed without your written permission. However your records may be revealed to

the sponsor of the study. Information from this study may be published but your

identity will be confidential in any publication.

INSTITUTIONAL POLICY

In the event that you are physically injured as a result of participating in this

research emergency care will be available. There is no commitment to provide any

compensation for research related injury. The Jawaharlal Nehru Medical College will

provide, within the limitations of the laws of the state of Karnataka, facilities and

medical attention to subjects who suffered any harm as the result of your participation

in this study. In the event you believe that you have suffered any how as a result of

your participation in this study you may contact research guide
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COST FOR PARTICIPATION

You will not be charged for the test to be carried out on your blood sample.

FINANCIAL INCENTIVE FOR PARTICIPATION

You will not receive any remuneration for participating in this study.

VOLUNTARY PARTICIPATION/WITHDRAWAL

If you decide not to participate in this study, it will not affect the quality of the

medical care you receive at this institution.

You may withdraw from the study anytime. The researchers might use the

information learned from the study in scientific journal articles or in presentations.

In case you have any questions regarding your rights as a study participant,

you may please contact Chairman of Institutional Ethics Committee of Human

Subjects Research,

EMERGENCY PROVISION

If you have any questions as a participant in our study, you can contact the

study investigator or contact the research guide



Annexure

Page 57

CONSENT TO PARTICIPATE IN A RESEARCH TRIAL

I voluntarily agree to take part in this study. If I choose to take part in the study, I

may withdraw at anytime. I am not giving any of my legal right by signing this form.

My signature below indicates that I have read, or had read to me, this entire consent

form including the risks and benefits. I may ask questions at any time.

______________________ __________________

Signature of participant Date

_____________________

Participants Name (Printed):

______________________ _________________

Name and Signature of witness-1 Date

______________________                                      _________________

Name and Signature of witness-2 Date

_______________________                                    _________________

Signature of researchers or Date

Person obtaining consent
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ANNEXURE II

QUESTIONNAIRE (PROFORMA) USED FOR COLLECTING THE DATA

“A cross-sectional study to estimate serum zinc and HDL levels in type 2 diabetes

mellitus patients”

Name : Sex :

Age : I.P. No. :

DOA :

Address :

Presenting complaints

Past history

Family History

Personal history

Sleep

Appetite

Bowel and bladder

General Physical Examination

Vitals

Pulse rate :Blood pressure :

Pallor  : Nail clubbing :

Cyanosis :                                                Respiratory rate :

Icterus : Temperature :

Lymphadenopathy : Pedal oedema :
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Per abdomen/local examination

Inspection :

Palpation :

Percussion :

Auscultation :

Respiratory system

Inspection :

Palpation :

Percussion :

Auscultation :

CVS

Pulse :

Blood pressure :

CVS – Central

Inspection :

Palpation :

Percussion :

Auscultation :
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Central nervous system

Higher Function Tests:

Cranial Nerves examination:

Motor System:

Sensory System:

Cerebellar Functions:

Skull & Spine:

Investigations:

Serum

 Serum zinc

 Serum HDL

Final Diagnosis
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ANNEXURE III

MASTER CHART – CONTROLS

Sl. No. Controls HDL values Zinc values Sex Age

1 CON 01 37 113 F 43

2 CON 02 41 95 M 42

3 CON 03 35 108 M 50

4 CON 04 40 109 F 45

5 CON 05 38 98 F 41

6 CON 06 45 96 M 49

7 CON 07 39 112 M 38

8 CON 08 37 117 F 37

9 CON 09 37 107 M 40

10 CON 10 42 98 F 45

11 CON 11 38 82 F 44

12 CON 12 39 89 M 35

13 CON 13 40 111 M 40

14 CON 14 52 104 F 42

15 CON 15 41 97 F 50

16 CON 16 37 108 M 53

17 CON 17 40 112 M 50

18 CON 18 38 96 F 45
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19 CON 19 36 85 F 43

20 CON 20 35 81 M 47

21 CON 21 46 93 M 44

22 CON 22 41 102 M 50

23 CON 23 40 105 F 46

24 CON 24 52 99 F 48

25 CON 25 41 117 F 45

26 CON 26 38 120 F 42

27 CON 27 44 98 F 40

28 CON 28 41 86 M 43

29 CON 29 39 105 M 35

30 CON 30 47 117 M 46

31 CON 31 36 82 M 45

32 CON 32 37 98 M 50

33 CON 33 36 93 F 42

34 CON 34 39 85 F 40

35 CON 35 40 97 M 41
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MASTER CHART – CASES

Sl. No. Cases HDL values Zinc values Sex Age

1 DM 01 29 29 F 38

2 DM 02 26 31 M 45

3 DM 03 31 30 M 35

4 DM 04 28 36 F 42

5 DM 05 33 48 F 41

6 DM 06 30 52 M 37

7 DM 07 26 45 M 43

8 DM 08 30 36 F 49

9 DM 09 32 49 M 40

10 DM 10 27 38 F 43

11 DM 11 27 42 F 45

12 DM 12 32 29 M 48

13 DM 13 30 63 M 42

14 DM 14 26 25 F 47

15 DM 15 31 52 F 50

16 DM 16 30 46 M 45

17 DM 17 29 31 M 50

18 DM 18 28 43 F 42
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19 DM 19 27 54 F 44

20 DM 20 31 72 M 47

21 DM 21 27 38 M 43

22 DM 22 33 50 M 50

23 DM 23 26 65 F 44

24 DM 24 25 31 F 50

25 DM 25 28 44 F 40

26 DM 26 31 50 F 42

27 DM 27 34 48 F 40

28 DM 28 32 31 M 43

29 DM 29 29 68 M 41

30 DM 30 30 44 M 46

31 DM 31 27 52 M 50

32 DM 32 27 38 M 45

33 DM 33 29 27 F 46

34 DM 34 33 39 F 45

35 DM 35 30 30 M 35



Summary

Page 42

SUMMARY

The objectives of the present study were to assess serum zinc and HDL

cholesterol concentrations in type 2 diabetes mellitus patients and to compare the

values of the above parameters with that of controls.

The present study was conducted in Department of Biochemistry, KLES Dr.

Prabhakar Kore Hospital and Medical Research Centre, Belgaum between January

2012 to December 2012 with 35 cases of type 2 diabetes mellitus patients on oral

hypoglycemic drugs and 30 healthy controls with age and sex match. 10 ml of blood

was collected from the patients and controls under aseptic precautionary measures

using disposable syringe plain tubes, centrifuged, serum separated and kept at 40C

which was analyzed for HDL immediately and for serum zinc within 30 days of

collection of the sample using atomic absorption spectrophotometer.

Our study revealed that there was positive co-relation between the levels

serum zinc and serum HDL-cholesterol concentration. Further on statistical analysis it

revealed that it was not statistically significant and thus findings of this study could be

used to use zinc as supplementation in the type 2 diabetic patients to keep the blood

glucose levels under good control.
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