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Summary:

Summary Diabetes is a chronic (long-lasting) health condition
that affects how your body turns food into energy. Particularly,
diabetes including type 1, type 2, or gestational diabetes can negatively
affect the health of women and men. It is now recognized that there
are a variety of calcium metabolic disorders that are related to defects
in the synthesis and metabolism of vitamin D. In current study, it has
been found that Vitamin D3 levels measured in the same subjects were
lower in diabetes compared to control. Further analysis showed that
low levels of Vitamin D3 were detected in female and male with
diabetes compare with healthy. This result may be explained by the

fact that low level of D3 can increase blood sugar in female and male.




Page

Contents NO.

Summary 5

Abbreviation 7

Introduction 9

Aim and Objectives of the study 11
2.1. Diabetes mellitus 13
2.1.1. Diabetic complications 13
2.1.2. Insulin hormone 14
2.1.3. Classification 14
2.1.4. Treatment of diabetes 15
2.1.5. Diet 16
2.2. Vitamin D 16
2.3. Diabetes 18
2.4. Vitamin D deficiency and diabetes 18
2.5. Obesity, Vitamin D and diabetes 19
2.6. Vitamin D and insulin resistance 20
Figure 1 21
3.1. Patient 23
3.2. Collecting of blood samples 23
3.3. Principle of each device 23
3.4. Solutions 25
3.5. Methods 26
1.1. Table 29
4.1. The results 30
References 32




ABBREVIATION

D
D3
RBS
HIV

AIDS

ELFA

uv
FBS
T2Dm
Dm
B cell

Wnt
ROS
IF
nm

Cal

MEANING

CHOLECALCIFEROL
25-HYDROXYCHOLECALCIFEROL
RANDOM BLOOD SUGAR

HUMAN IMMUNODEFICIENCY VIRUS

ACQUIRED IMMUNODEFICIENCY
SYNDROME

ENZYME-LINKED FLUORESCENT
ASSAY

ULTRAVIOLET LIGHT
FASTING BLOOD SUGAR
TYPE 2 DIABETES MELLITUS
DIABETES MELLITUS

BETA CELL

RETINOL

TOCOPHEROL

MENADIONE
WINGLESS-RELATED INTEGRATION
REACTIVE OXYGEN SPECIES
INFRARED

NANOMETER

CALIBRATION
MICROLITER




Chapter one
Introduction




Chapter 1 Introduction

1.1 Introduction

Diabetes is a chronic disease that occurs either when the pancreas does not produce
enough insulin or when the body cannot effectively use the insulin it produces. Insulin is
a hormone that regulates blood sugar. (Word Health Organization.,2021) There are three
main types of diabetes - type 1, type 2, and gestational.

Type 1 diabetes can affect people of any age, but it usually occurs in children or

young adults. People with type 1 diabetes need daily insulin injections to control blood
sugar levels (International Diabetes federation Covid-19 and diabetes., 2020)
Type 2 diabetes is the most common type of diabetes, accounting for about 90% of all
cases of diabetes. Itis generally characterized by insulin resistance, in which the body does
not fully respond to insulin. Because insulin doesn't work properly, blood glucose levels
keep rising, releasing more insulin. (International Diabetes federation Coved-19 and
diabetes., 2020).

Gestational diabetes is associated with multiple negative pregnancy outcomes.

Women with gestational diabetes later run the risk of developing type 2 diabetes,
especially three to six years after giving birth. Exposure to hyperglycaemia in utero also
puts children at a high risk of developing overweight or obesity associated with the
development of type 2 diabetes (International Diabetes federation.,2020).
Vitamin D is one of the four fat-soluble vitamins (vitamin A, E, and K). It is stored and
dissolved in your fatty tissues instead of water, and the benefit of this is that it can be
stored in your body for long periods of time. (Worldwide shipping from the USA and UK
TESToFUEL., 2017).

Vitamin D3 is necessary for the normal functioning of many body systems. Vitamin
D3 deficiency has been associated with many symptoms and conditions: fibromyalgia,
chronic fatigue disease, osteoporosis, kidney disease. Cardiovascular disease, asthma,
cancer. (Pittas et.al., 2007).

Research shows that more than a billion people worldwide are deficient in vitamin

D. Symptoms include: muscle weakness and pain, weak bones, fatigue, inflammation,
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and deficiency may lead to many health conditions, such as: depression, hypertension
(high blood pressure), arthritis, and eczema. Therefore, a simple blood test can check
vitamin D levels (Yvelette et.al., 2021).

Low levels of vitamin D are a prevalent issue in people with and without diabetes across
the globe. Research has repeatedly found a clear association between low vitamin D levels in
patients with insulin resistance and a high risk of developing type 2 diabetes as shown in 2011
study from Canada. (Health News., 2019) — This newest study appears to show that with
supplementation prior to diagnosis, or soon after, the body retains the ability to respond better on
the cell level to insulin, which counters the hallmark of type 2 diabetes — insulin resistance, |
Jennifer Smith, CDE, RD, told Healthline. (Jennifer Smith et.al., 2019).

The other thing it appears to help with is allowing the beta cells in the pancreas that make
insulin to stay healthy and functional, | added Smith, who treats patients with all types of diabetes
across the globe at Integrated Diabetes Services. (Health News., 2019). Beta cells play a central
role in insulin secretion. Gradual beta cell dysfunction is the biggest culprit of type 2 diabetes for
approximately 60 percent of people diagnosed, according to a 2016 study published in Diabetes
Care. (Health News., 2019). The remaining 40 percent, then, is potentially able to reverse the
condition through significant changes in nutrition, exercise, and body weight. (Health News.,
2019).
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1.2Aim and Objectives of the study:
The project aimed to study the level of vitamin D3 in diabetes patients. Followed
by objectives:

1. To learn how to collect blood samples from diabetes patients.
2. To estimate level of vitamin D3 and blood sugar.

3. To analyses result data.




Chapter two
L 1terature review




Chapter 2 Literature review

2.1. Diabetes mellitus

chronic hyperglycemia resulting from defects in insulin secretion, insulin
action, or both. Diabetes mellitus is a group of metabolic diseases characterized by
Metabolic abnormalities in carbohydrates, lipids, and proteins result from the
importance of insulin as an anabolic hormone. Low levels of insulin to achieve
adequate response and/or insulin resistance of target tissues, mainly skeletal
muscles, adipose tissue, and to a lesser extent, liver, at the level of insulin receptors,
signal transduction system, and/or effector enzymes or genes are responsible for
these metabolic abnormalities. The severity of symptoms is due to the type and

duration of diabetes.

Some of the diabetes patients are asymptomatic especially those with type 2
diabetes during the early years of the disease, others with marked hyperglycemia and
especially in children with absolute insulin deficiency may suffer from polyuria,
polydipsia, polyphagia, weight loss, and blurred vision. Uncontrolled diabetes may
lead to stupor, coma and if not treated death, due to ketoacidosis or rare from non-

ketotic hyperosmolar syndrome. (American Diabetes Association., 2014)

2.1.1. Diabetic complications

Diabetes can affect many different organ systems in the body and, over time, can
lead to serious complications. Complications from diabetes can be classified as
microvascular or macrovascular. Microvascular complications include nervous
system damage (neuropathy), renal system damage (nephropathy) and eye damage
(retinopathy) Macrovascular complications include cardiovascular disease, stroke,
and peripheral vascular disease. Peripheral vascular disease may lead to bruises or
injuries that do not heal, gangrene, and, ultimately, amputation. (Fox et al., 2004)
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2.1.2. Insulin hormone

Insulin is a polypeptide hormone mainly secreted by B cells in the islets of
Langerhans of the pancreas. The hormone potentially coordinates with glucagon to
modulate blood glucose levels; insulin acts via an anabolic pathway, while
glucagon performs catabolic functions. Insulin regulates glucose levels in the
bloodstream and induces glucose storage in the liver, muscles, and adipose tissue,
resulting in overall weight gain. The modulation of a wide range of physiological
processes by insulin makes its synthesis and levels critical in the onset and
progression of several chronic diseases. Although clinical and basic research has
made significant progress in understanding the role of insulin in several
pathophysiological processes, many aspects of these functions have yet to be
elucidated. (Cefalu, 2001)

2.1.3. Classification

Diabetes can be classified into the following general categories: (American
Diabetes Association., 2014)
Type 1 diabetes (due to autoimmune (3-cell destruction, usually leading to absolute

insulin deficiency, including latent autoimmune diabetes of adulthood)

Type 2 diabetes (due to a progressive loss of adequate B-cell insulin secretion

frequently on the background of insulin resistance)

Specific types of diabetes due to other causes, e.g., monogenic diabetes
syndromes (such as neonatal diabetes and maturity-onset diabetes of the young),
diseases of the exocrine pancreas (such as cystic fibrosis and pancreatitis), and
drug- or chemical-induced diabetes (such as with glucocorticoid use, in the

treatment of HIVV/AIDS, or after organ transplantation).
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4. Gestational diabetes mellitus is associated with multiple negative pregnancy
outcomes. Women with gestational diabetes later run the risk of developing type 2
diabetes, especially three to six years after giving birth. Exposure to hyperglycemia
in utero also puts children at a high risk of developing overweight or obesity
associated with the development of type 2 diabetes. (International Diabetes
federation Covid-19 and diabetes., 2020)

2.1.4. Treatment of diabetes

Dietary intake and physical exercise are the two main determinants of the
energy balance and they are considered as a basic base in the treatment of
patients with diabetes. Adequate rest is also very important for maintaining
energy levels and well-being, and all patients should be advised to sleep
approximately 7 h per night Evidence supports an association of 6 to 9 h of sleep
per night with a reduction in cardiometabolic risk factors whereas sleep
deprivation aggravates insulin resistance, hypertension, hyperglycaemia, and
dyslipidaemia On the other hand, a screening of patients with suspected
obstructive sleep apnoea should be performed, and refer them to a sleep

specialist for evaluation and treatment.

Although the pharmacological options are each time more extensive and they
offer more therapeutics possibilities, especially in the T2DM, the interventions in
the life style are essentials in the approach of these patients and they are needed
to get the therapeutics goals. (Garber et al., 2009)
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2.1.5. Diet

When nutritional intervention is contemplated, the co-morbidities that can
coexist in a diabetic patient also have to be considered. The recommendations on
dietary aspects can contribute to achieve the desired blood glucose, blood pressure,
lipid profile and weight as well as improve sleep apnoea, depression and quality of
life related to health; in addition, it has been observed that the incidence of urinary

incontinence in women is reduced. (Williamson et al., 2009)

2.2. Vitamin D

[s one of the four fat-soluble vitamins (vitamin A, E, and K). It is stored
and dissolved in your fatty tissues instead of water, and the benefit of this is
that it can be stored in your body for long periods of time. (Worldwide

shipping from the USA and UK Tasteful, November 16, 2017.)

Vitamin D3 is necessary for the normal functioning of many body systems.
Vitamin D3 deficiency has been associated with many symptoms and conditions:
fibromyalgia, chronic fatigue disease, osteoporosis, kidney disease.

Cardiovascular disease, asthma, cancer (Pittas et al.,2007).

Research shows that more than a billion people worldwide are deficient in
vitamin D. Symptoms include: muscle weakness and pain, weak bones, fatigue,

inflammation, and hair loss.

A deficiency may lead to many health conditions, such as: depression,
hypertension (high blood pressure), arthritis, and eczema. Therefore, a simple
blood test can check vitamin D levels. (Yvelette.,2021).Low levels of vitamin D
are a prevalent issue in people with and without diabetes across the globe.
Research has repeatedly found a clear association between low vitamin D levels
in patients with insulin resistance and a high risk of developing type 2 diabetes

as shown in 2011 study from Canada (Smotkin et al., 2007). —This newest study
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appears to show that with supplementation prior to diagnosis, or soon after, the
body retains the ability to respond better on the cell level to insulin, which
counters the hallmark of type 2 diabetes — insulin resistance, (Smith et.al.,
2019).

The other thing it appears to help with is allowing the beta cells in the
pancreas that make insulin to stay healthy and functional, | added Smith, who
treats patients with all types of diabetes across the globe at Integrated Diabetes
Services. (Health News.,2019)

Beta cells play a central role in insulin secretion. Gradual beta cell
dysfunction is the biggest culprit of type 2 diabetes for approximately 60
percent of people diagnosed, according to a 2016 study published in Diabetes
Care. (Health New.,2019)

The remaining 40 percent, then, is potentially able to reverse the condition
through significant changes in nutrition, exercise, and body weight. (Health
News., 2019).

2.3. Diabetes

which is characterized by an elevation in blood glucose, is becoming increasingly
common. One reason for this is the increasing prevalence of obesity. A likely link
between obesity and diabetes is the deficiency of Vitamin D that occurs in obesity. The
aim of this review is to explore why Vitamin D deficiency is such a strong risk factor for
diabetes. This review will begin by describing how Vitamin D deficiency may be the link
between obesity and diabetes. Vitamin D seems to act to maintain many of the sequential
events that enable the beta cells (B-cells) located in the pancreatic islets of Langerhans to
release the insulin necessary to control blood levels of glucose. The decline in insulin

levels begins with the onset of insulin resistance.
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The B-cells are capable of increasing the amount of insulin being released in order to
counteract the reduced effectiveness of insulin action. However, as the elevation of
glucose continues to rise, this glucotoxicity increases the hyperactivity further and this
overwhelms the B-cells that begin to die. The resulting decline in the release of insulin
results in the excessive elevation of blood glucose that characterizes diabetes. In this
review, this sequence of events will be described in more detail so as to illustrate why

Vitamin D deficiency is such a strong risk factor for diabetes

2.4. Vitamin D deficiency and diabetes

There is increasing evidence that Vitamin D deficiency may contribute to the onset of
diabetes (Scragg et al.,2005). This is supported by the finding that polymorphisms of the

Vitamin D receptor.

(VDR) have been linked to diabetes (Sentinelli et al., 2016). There are indications that
Vitamin D supplementation may prevent the onset of type 2 diabetes (T2D)
(Wimalawansa, 2016; Sergeev, 2016)

It will be argued later that Vitamin D acts to control many of the processes that initiate

the onset of diabetes such as the formation of Ca2+ and reactive oxygen species (ROS).

In effect, Vitamin D controls the expression of those genes that function to ensure that
the levels of Ca2+ and ROS are

« maintained at their normal low physiological levels (Berridge., 2015) Another
important action of Vitamin D is to maintain the normal mitochondrial control of cellular
bioenergetics (Calton, Keane & Soares, 2015). Vitamin D also plays a role by reducing
inflammation that helps to control the insulin resistance that is a major contributor to
diabetes (Wimalawansa., 2016). These multiple actions of Vitamin D will be discussed

in more detail in the following sections. One of the major causes of diabetes is obesity.
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2.5. Obesity, Vitamin D and diabetes

There is a close association between obesity and Vitamin D deficiency (Smotkin-
Tangorra., 2016). ability to promote energy expenditure by increasing fatty acid (FA)
oxidation and mitochondrial metabolism, Vitamin D can reduce the onset of weight gain
in mice (Marcotorchino et al,. 2014). Many reasons have been put forward to explain the
reduced levels of Vitamin D in obesity (De Souza Silva et al. 2016; Abbas 2017). Perhaps,

the most significant is that Vitamin D in the

Serum is reduced because it enters into the large fat depots located in the adipose tissue.
There may also be ‘volumetric dilution’ as a result of the large body size in obesity. To
understand how Vitamin D may act to reduce diabetes, it is instructive to explore the link

between obesity and diabetes.

The initial phase of diabetes is driven by insulin resistance in those organs (adipose
tissue, skeletal muscle and liver) that respond to insulin to control glucose and lipid
metabolism (Kahn et al., 2016). Initially, the pancreatic islet B-cells can overcome this
resistance by releasing more insulin, thus preventing hyperglycaemia (Leahy., 2005). With
time, this hyperactivity causes B-cell dysfunction that results in cell death and the onset of
T2D caused by a marked decline in insulin secretion (Butler et al., 2003). There is
increasing evidence to support the fact that Vitamin D deficiency can contribute to both
the initial insulin resistance and the subsequent onset of diabetes caused by B-cell death as

described below.

2.6. Vitamin D and insulin resistance

The low levels of Vitamin D in obesity may contribute to the onset of diabetes, because

it functions to regulate many of the processes that are altered during the onset of both insulin

resistance and the subsequent decline in B-cells that results in diabetes (Chiu et al., 2013).

Under normal conditions, Vitamin D has many actions to control both gene transcription

and cell signalling pathways to alleviate the onset of insulin resistance especially in adipose
tissue (Abbas, 2016).
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It can act through a non-genomic pathway to control lipogenesis and lipolysis (Shi et
al., 2001). However, most of its actions seem to be mediated through genomic mechanisms.
One of these actions is to inhibit adipocyte differentiation during adipogenesis by
maintaining the Wnt/B-catenin signalling pathway (Abbas et al., 2012) and the mitogen-
activated protein kinase signalling pathway (Lee et al., 2012). Vitamin D also acts to inhibit
apoptosis by reducing the expression of the mitochondrial uncoupling protein 2 (UCP2) (Shi
et al., 2004).

The diabetes that develops during obesity is driven by the onset of insulin resistance
which results in a decline in the ability of insulin to reduce the output of glucose from the
liver and to increase the uptake of glucose into muscle and adipose cells ( Saltiel & Kahn.,
2001).
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Figure 1. Vitamin D acts to prevent diabetes by maintaining low levels of Ca2+ and ROS.

ROS formation (Sun & Zemel, 2007). This action of Vitamin D in regulating ROS levels depends on its ability to
control the expression of cellular antioxidants as part of its role to maintain.
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3.1. Patients

This study included 40 cases of diabetes, half of whom were healthy and the
other half were found to suffer from diabetes, 20 of whom were females and 20 males
who visited Zulkifli General Hospital.

3.2. Collecting of blood samples

Blood samples were taken in the morning between 9:00 and 12:00 . The
doctor examines the injured person and sends him to the laboratory unit of the
hospital. Using medical syringes, (2) ml of venous blood is drawn from the
Antecubital vein and placed in a gel tube devoid of anticoagulants, because we

need serum.
3.3. Principle of each device
1-Mini vidas

Mini VIDAS® is greatly appreciated worldwide for its simplicity, flexibility,

reliability and 24/7 availability. It processes single sample and batch tests for all types
of analysis: serology, immunochemistry, antigen detection. Ten different analytes can
be used simultaneously. All enzyme immunoassay reaction stages are performed
automatically in minimal space: pipetting, incubating, washing, reading, and results
are sent immediately to the integrated printer. The mini VIDAS analyzer tests for

vitamin D levels:

1. Assay Method:

- Utilizes ELFA (Enzyme-Linked Fluorescent Assay) technology

- Based on enzyme immunoassay sandwich method with final fluorescent detection
2. Reaction Steps:

- Patient serum sample is added to reagent pack container that has anti-vitamin D
coated beads plus anti-vitamin D conjugated with alkaline phosphatase enzyme




e Any vitamin D in sample binds to antibodies, forming bead-vitamin D-
antibody sandwiches

e Unbound material washed away, then substrate added cleaved by
enzyme to generate fluorescent signal
3. Signal Detection:

e Laser in instrument excites fluorescent substrate product

e Converted to measurable emission indicating quantity of vitamin D present
proportional to fluorescence

4. Result Output:
e Built-in calibration curves yield rapid, automated, quantitative analysis

e Provides vitamin D levels from serum in terms of 25-OH metabolite
concentrations

So in essence, the competitive binding plus enzyme-mediated fluorescent tagging
allows ultrafast, sensitive vitamin D determinations in small samples by VIDAS

leveraging immunoassay technology engineered for speed and precision.

2- Spectrophotometer

A spectrophotometer is an instrument that measures the amount of photons (the

intensity of light) absorbed after it passes through sample solution. With the

spectrophotometer, the amount of a known chemical substance (concentrations) can

also be determined by measuring the intensity of light detected. Depending on the range

of wavelength of light source, it can be classified into two different types:
e UV-visible spectrophotometer: uses light over the ultraviolet range (185 - 400
nm) and visible range (400 - 700 nm) of electromagnetic radiation spectrum.

¢ IR spectrophotometer: uses light over the infrared range (700 - 15000 nm) of
electromagnetic radiation spectrum.
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Spectrophotometer consists of a light source, a collimator, a monochromator, a
wavelength selector, a cuvette for sample solution, a photoelectric detector, and a

digital display or a meter. Detailed mechanism is described below.

A spectrophotometer, in general, consists of two devices; a spectrometer and a
photometer. A spectrometer is a device that produces, typically disperses and measures
light. A photometer indicates the photoelectric detector that measures the intensity of
light.

Spectrometer: It produces a desired range of wavelength of light. First a collimator
(Iens) transmits a straight beam of light (photons) that passes through a monochromator
(prism) to split it into several component wavelengths (spectrum). Then a wavelength

selector (slit) transmits only the desired wavelengths.

Photometer: After the desired range of wavelength of light passes through the
solution of a sample in cuvette, the photometer detects the number of photons that is

absorbed and then sends a signal to a galvanometer or a digital display.

After collecting the sample we measured

e Fasting blood sugar

e 2 - 25-hydroxycholecalciferol

3.4. Solutions

1 - R1 : monoreagent : phosphate buffer 200 mmol/L ph 7.5 glucose oxidase >10
kU/L peroxidase >2kU/L , amino antipyrine 0.5 mmol/L phenol 5mmol/L , sodium
azide < 2,

2 - CAL glucose standard. Glucose 100 mg/dL (5.55 mmol/L) Organic matrix based

on primary standard. Concentration value is traceable to Standard Reference Material
G17b.
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3.5. Methods
1-Fasting blood sugar (FBS)

General laboratory
We used a gel tube in which the blood sample was placed, then we inserted it into
the centrifuge to obtain the serum. After the additions, we stored it at a temperature of
37° C in the water bath for 5 minutes. Then we measured the sample in a
spectrophotometer at 500 nm . We saved the readings and performed a calculation to

obtain the final result as follows:

PROCEDURE
1. Bring reagents and samples to room temperature.

2. Pipette into labelled tubes: TUBES Blank Sample CAL Standard R1.
Monoreagent Sample 1.0 mL 1.0 mL 10 uLL 1.0 mL CAL Standard Air 10

AL. Standard  ample lank Tubes
1.0 ml 1.0 ml 1.0 ml R 1. Mono-
reagent
1OuL Sample
10uL CAL. Standard

3. Mix and let the tubes stand 10 minutes at room temperature or 5 minutes at 37 °
C.

4. Read the absorbance (A) of the samples and the standard at 500 nm against the
reagent blank. The color is stable for about 2 hours protected from light.
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Calibration Calibration must be performed with two points (S1: distilled water and
S2 Calibrator). Verify the working reagent blank every day before its use.

Calibration with aqueous standard may cause a matrix related bias in aut

analyzers.

CALCULATIONS
A Sample x C Standard mg/dL glucose A Standard Samples with concentrations
higher than 500 mg/dL should be diluted 1:4 with saline and assayed again.
Multiply the results by 4. If results are to be expressed as Sl units apply:
mg/dL x 0.0555 mmol/L

2- Vitamin D3

We used a gel tube in which the blood sample was placed, then we inserted it into

the centrifuge to obtain the serum. After obtaining the serum, an amount of it is
withdrawn into the pipette 200uL and then placed in the designated hole in the mini

vidas device, and within 45 minutes we get the result.
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CHAPTER 4 THE RESULTS AND DISCUSSION
4.1. Results

The result of this study reveated that the patient ( 90 % ) of diabetes mellitus
( D.M ) have low rates of vit.D3 ( < 20 ng/dl ) and remind patient have rates of
vit.D3 (20 — 30 ) ng/dl . (Dutta et al., 2013). While in healthy women (without
diabetes mellitus) the percentage of these result was as follows ( 20 % ) of the
patient more than 30 ng/ml , 40 % of them between ( 20 — 30 ng/ml ) and 40%
remaining less than ( 20 ng/ml ) (Athanassiou et al., 2013).

In healthy men (without diabetes mellitus) the percentage of their results was as
follows (40% of them are result of vitamin more than 30 ng/ml, 40% of them are
the result of vitamine D3 between 20 - 30 ng/ml and remaining less than 20 ng/dl)
(Bland et al., 2004).

4.2. Discussion

Vitamin D plays a critical role in regulating the body ‘s use of calcium. And
calcium actually plays a small but critical role in the secretion of insulin. If too
little vitamin D impairs the body ‘s ability to manage calcium levels, it inevitably

impairs the body‘s ability to produce insulin. (Health News.,2019).

Vitamin D can positively impact insulin secretion in several ways; Vitamin
D enters the beta cell and interacts with several types of receptors, which bind
together and essentially activate the insulin gene, increasing the synthesis of
insulin. (Health News.,2019). Through the same receptors associated with
vitamin D‘s impact on insulin secretion, vitamin D stimulates receptors that

affect insulin sensitivity.

Through a complicated physiological process, the interaction and binding
with these receptors actually increase the number of total insulin receptors
present in the body. (Health News.,2019).




CHAPTER 4 THE RESULTS AND DISCUSSION

In current study, Vitamin D3 levels measured in the same subjects were
lower in diabetes compare to control, particularly in females, were unrelated to
hypertension. (Health News.,2019).

4.3. Conclusion

Vitamin D status appears to play a role in the development and treatment of
diabetes. It is possible that optimal levels of serum vitamin D may be different
for people at risk for developing diabetes, those with diabetes, and those without

diabetes.

Many people with diabetes are low in vitamin D This is an important finding
because vitamin D is known to help regulate insulin levels. New studies have
assessed if vitamin D supplementation helps in the management of type 2

diabetes
4.4. Recommended
1. Correlation between high blood pressure and Vitamin D3 deficiency

2. Correlation between Hyperglycemia and hypertension

3. Correlation between Hyperglycemia and Rheumatoid factor in type 2
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