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Abstract

Diabetes mellitusis achronic condition that affects the entire body
and can cause awide range of consequences, including as osteoporosis,
cardiovascular disease, and neuropathy. Despite having fairly different
underlying mechanisms, TypelDiabetes Méllitus (T1DM) and Type2
Diabetes Méellitus (T2DM) both increase the risk of fracture, which is
brought on by a variety of reasons and can be partially explained by

Bone minera density (BMD) loss.

This study aims to evaluate some biochemical variables for diabetic
patients (Calcitonin, Thyroid Stimulating Hormone (TSH), Estradiol
(Ell), Cancer Antigen 125 (CA125), Vitamin Ds, Cacium (Ca),
Creatine Kinase (CK), Alkaline Phosphatase (ALP), Triglycerides
(TG), High-Density Lipoprotein cholesterol (HDL), Low-Density
Lipoprotein cholesterol (LDL), Glycated Hemoglobin (HbA1c) and
estimate some trace elements (Fe?, Mg*?, Mn*?, Zn*?, Cu*?, K*1, Na™,
Li*Y) To achieve this goal, the study included blood samples of 120
women, after the samples were classified into two groups, (a control
group) of 40 samples, and (agroup of diabetic patients) of 80 samples.
The results of the current study revealed the existence of significant
effect (p=0.000) in Calcitonin in DM patients were detected in
comparison with control group. While The results show non-significant
(p=0.794) in TSH concentration in patients with DM were detected in

comparison with control group.

The results showed non-significant (P= 0.245) in (E II) concentration
in patients with DM, were detected in comparison with control group.
As wdll, the results show significant effect(p=0.012) in (CA-125)



concentrationin DM patients were detected in comparisonswith control
group. The results showed non—significant (P=0.933) in (Vitamin D)
concentration in patients with DM were detected in comparison with
control group. The results indicted significant (p=0.032) in Calcium
concentration in DM patients, were detected in comparisons with
control group. There were no statistically significant differences at the
significance level (p>0.05) in the average concentration of (Creatine
kinase, Alkaline phosphatase, High density lipoprotein, Low density
lipoprotein), While there were statistically significant differences at the
level (p<0.05) inthelevels of (total cholesteral, triglycerides, Glycated
hemoglobin). The results also, appeared non-significant (P=0.200) in
(Iron) concentration in patients with DM, were detected in comparisons
with control group, And The results showed statistical significance at
thelevd of significance (P < 0.05) in the average concentration of each
of (magnesium, manganese, zinc, copper, potassium, sodium). In
addition to that the results showed non-significant (p=0.055) in Lithium
concentration in DM patients, were detected in comparisons with

control group.
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Chapter One Introduction

1.1 DiabetesMéllitus (DM)

Diabetes mellitusis a disorder of macromolecule metabolism
marked by a reduction in the body's ability to create or react to
endocrine hormones, which are necessary to keep blood sugar
(glucose) levels in check. Malady is a chronic illness that arises
when the body is unable to use the endocrine that the duct gland
generates, or when the gland can no longer produce endocrine [1].

Due to the fact that there are 200 million diabetics worldwide,
it isone of the most prevalent metabolic syndromes, which increases
interest in understanding its causes and potential treatmentsi2].

The Diabetes mellitus is a chronic condition that affects the
entire body and can cause a wide range of conseguences, including
as osteoporosis, cardiovascular disease, and neuropathy. Despite
having fairly different underlying mechanisms, TypelDiabetes
Mellitus (T1DM) and Type2 Diabetes Méellitus (T2DM) both
increase the risk of fracture, which is brought on by a variety of
reasons and can be partially explained by Bone mineral density
(BMD) loss. The most frequent consegquence is an increased risk of
hip or spine fracture, which is between 2.4 and 7 times larger in
T1DM and between 2-3 times greater in T2DM than in the general
healthy population[z. By understanding the factors that affect
patients with DM, bone health can be improved 4.

A decrease in BMD, alterations to the microarchitecture, and an
increased risk of fracture as a direct result of these changes are all
signs of the dangerous health condition osteoporosis. Numerous
people of various racial and gender identities are affected by

osteoporosis. With age, the condition is anticipated to worsen. It is
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a condition that goes unnoticed until fractures happen, at which
point it can have maor secondary health effects. problems,
including death. Patients with T2DM have repeatedly demonstrated
the link between osteoporosis and diabetes mellitus. The causes of
greater bone mineral density loss include diabetes mellitus
diagnosis at an earlier age, longer duration and higher insulin

dosages, and extended periods of poor glycemic control(3.

1.2 Typesof Diabetes Méellitus
1.2.1 Diabetes M ellitus (Typel)

Reaction diabetes and juvenile-onset or Kketosis-prone
polygenic illness are additional names for this form of diabetes. The
person may also request treatment if they suffer from other
autoimmune diseases such Graves' disease, Hashimoto's thyroiditis,
and Addison's disease. The mgority of people with TIDM, also
known asinsulin-dependent diabetes mellitus, are children and young

adults. It usually starts off suddenly and can be fatal(s).

1.2.2Diabetes M ellitus(Type2)

The hallmark of (T2DM) isablood sugar that is consistently high
or that rises after ameal that contains carbohydrates. Unlessthere has
been beta cell 1oss, most people with T2DM have high insulin levels
(fasting and/or post glucose consumption), in contrast to T1DM
which is characterized by a lack of insulin. When thereis no insulin
deficit, the glucose levels continue to be raised, thisis referred to as
"insulin resistance” (IR). In-depth analyses of intracellular and

molecular pathways have been used to try to identify the source of
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IR, and the cause has been linked to fatty acid flux, but specialists

have been unable to pinpoint the actual causefs).

1.2.3. Gestational diabetes

1.2.4. Specific diabetestypes with known causes

— Diseases involving a pancreatic exocrine deficiency (e.g.
pancreatitis, cystic fibrosis, hemochromatosis)

— Endocrinopathies (e.g. Cushing syndrome, acro- megaly,
pheochromocytoma).

— Drug or chemically induced (e.g. glucocorticoids, neuroleptics,
interferon apha, pentamidine), genetic defects of the 3 cell function
(e.g. MODY types).

— Genetic defects of insulin action.

— Other genetic syndromes which can be associated with diabetes.

— Infections — Rare forms of autoimmune-mediated diabetess).

1.3 Risk factorsof Diabetes M dlitus

1.3.1 Family history of diabetes

For prognosis/diagnosis purposes and public health, family
history information can be auseful tool. In contrast to just genetic and
environmental factors, family history of diabetes represents both
environmental and genetic factors and can improve predictions of the
occurrence of T2DM. A study by Tsenkova et al. (2021) found a
strong correlation between a family history of diabetes and an
elevated chance of developing the condition. Having a parent with
diabetes is a risk factor for developing the disease, according to a
second study.. a family history of diabetes in first degree relatives
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(parents, children, and siblings) is a significant and independent risk
factor for the prevalence of impaired fasting glucose (prediabetes) in
children and adolescents, according to research by Rodrguez-Moran
et a. in the absence of obesity, this is true. The findings show that
when screening for diabetes in children and adolescents, it is crucial
to take the parents diabetes history into account. This is because
merely screening for obesity could result in underestimate.
Additionally, it was discovered that the prevaence of T2DM is
significantly influenced by the family history of diabetesin at least
two first-degree relatives or one first-degree relative and at least two
second-degree relatives 7). Family history is a significant risk factor
for T2DM, as is widely known. Having first-degree relatives who
have T2D increases your risk of getting the condition; new research
has indicated that T2DM is more commonly transmitted by mothers
than by fathers. Thelifetimerisk of having T2DMfor people with two
diabetic parents is much higher (70%) than for people with one
diabetic parent (40%) according to previous studies estimates that

heredity varies between 25% and 80% across different groupsis.

1.3.2 Obesity

Obesity prevalence has been rising globally, particularly in the
(MENA) region, as aresult of the adoption of poor eating habits and
food preferences as well as the magjor decline in physica activity.
Obesity iswell-known to be asubstantial risk factor for diabetes, with
numerous studies demonstrating a link between body mass index
(BMI) and the prevalence of diabetes. Data from the (WHO) risk
surveillance program has reveded a marked increase in the

prevalence of obesity worldwide. The most severely impacted nations

4
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are the high-income Gulf nations, along with Egypt, Libya, Lebanon,
and Irag, where rates reach 30%. It's interesting to see that women
were disproportionately more affected than men, with prevalence
ratesthat are 1.5to 2.0 timeshigher. Particularly, severa Gulf nations
(Saudi Arabia, Kuwait, Qatar, and UAE), in addition to Egypt and
Jordan, had an incidence of female obesity that exceeded 40%[9).

1.4 Complicationswith Diabetes Mellitus
1.4.10steopor osis

Diabetes mellitus has been linked to osteoporosisin a number of
prior studies, and it is now well known that both TIDM and T2DM
are linked to an increased risk of osteoporotic fractures. Complex
factors underlie diabetes mellitus'sincreased bonefragility. Low bone
turnover and the buildup of advanced glycation end products (AGES)
can both affect bone fragility. Fig. (1- 1, anomalies in micro- and
macro-architecture, and tissue material degradation. Reduced bone
strength, which increases the risk of fracture and causes pain,
diminished function, a lower quality of life, and debilitation, is a
prevalent skeletal illness called osteoporosis(ig). According to recent
research, T1DM impacts bone health and increases the risk of
osteoporosis and osteoporotic fractures. Hip fracture risk is thought
to be three to six times higher overall than in the general population,
affects people of al sexes and ages, and is present from an early age.
One of the key risk factors for fractures at the spine and hip is low
BMD, and T1DM patients were shown to have lower BMD than

nondiabetic people. Furthermore, research in children with T1IDM
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discovered that alow for age BMD may exist early on, following the

diagnosis of the conditioni1].
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Fig. (1- 1) The relationship between the accumulation of AGEs within the
bong[12]

Increased oxidative stress, high glycemic levels, ageing and
reduced bone turnover are the main contributors to increased
formation and accumulation of AGEs in bone. They induce an
infammatory process that results in activation of osteoclastogenesis,
osteoblast dysfunction and accelerated development of the

0Steoporosis process|12].

1.4.2 Cardiovascular disease

The most frequent cause of mortality and morbidity among
diabetic people is cardio vascular disease (CVD). Nearly half of
T2DM deaths are caused by cardiovascular problems, which affect
more than 30% of T 2 DM patients result from CVD[131. Theterm
"CVD" refersto awide range of cardiovascular system dysfunctions,

such as atherosclerosis, myocardial infarction, heart failure, and
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cardiomyopathy. Despite the exponential growth in studies
investigating the link between diabetes and CVD, the precise
pathogenic processes are still unknown. One of the most prevalent
types of CVD in people with T2DM is atherosclerosis, which is the
process of plague formation inside the arteries. Atherosclerosis
development iscomplex and involves avariety of pathogenic triggers
and severa varieties of cells. By encouraging endothelial cell
dysfunction, a crucial stage in the formation of atherosclerotic
plaques, hyperglycemia poses a sdignificant risk factor for
atherosclerosis. When blood glucose levels are high, AGEs are
produced, which nonenzymatically bond to proteins or lipids and
change how they function. For instance, AGE-modified proteins or
lipoproteins bind to and activate the receptor for AGEs (RAGE),
increasing the production of vascular cell adhesion
moleculel(VCAM-1) and improving the binding of monocytes that
infiltrate into the extra cellular matrix (ECM) between the endothelial

cells and smooth muscle cellg14].

1.4.3 Cancer and Diabetes

The diabetes increased the chance of dying from digestive
cancers, especialy those of the liver, colon, and pancreas; and in
women, the risk of dying from these cancers was higher. Diabetes
greatly increased the probability of dying from ovarian and breast
cancer. Fig. (1-2) illustrates the Pathophysiological links between
obesity/insulin resistance, T2DM, inflammation and cancer. These
abnormalities may play a significant part in the development of
carcinogenesis. A powerful growth agent and an energy source,

respectively, insulin and glycemia a supraphysiologica

7
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concentrations are present in human tissues and are necessary for the

development of cancer and the neoplastic process[is.

TYPE 2 DIABETES MELLITUS
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Fig. (1-2) Pathophysiological links between obesity/insulin resistance,
T2DM méllitus, inflammation and cancer [16]

Oxidative stress and DNA damage are brought on
byhyperglycemia, which may cause the early stages of
carcinogenesis. High glucose concentrations have the ability to alter
the expression of genes involved in cell adhesion, migration, and
proliferation, according to in vitro research on tumor cell lines. A
further effect of hyperglycemia may be the creation of AGES, which
promote the synthesis of reactive oxygen species and inflammation.
Epithelial cell tumorigenesis and tumor cell tolerance to oxidative
stress have both been demonstrated to be enhanced by persistent
activation of the AGEs pathway/[17][18].
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1.5 Biochemistry Parameters
1.5.1 Calcitonin

The single-chain polypeptide hormone, calcitonin is made from
thirty two amino acids , the physiological effects of calcitonin are
known to be mediated by receptors, and interactions between the C-
terminus and N-termina ring appear to be important for receptor
binding and signal transduction. In humans, the para-follicular or C
cellsof thethyroid gland rel ease cal citonin when the amount of serum
calcium rises. In the bone, where it acts primarily, calcitonin greatly
lowers osteoclast activity and bone resorption, Fig (1-3) [19].

Given that calcitonin lowers blood calcium levels, it has been
hypothesized that one of its physiological functionsin hypercalcemia
isto bring serum calcium levels back to normal When hypercalcemia
was directly induced by calcium injection or infusion, the thyroid
gland's existence was required to lower the levels of circulating
calcium. The skeleton, the stomach, and the kidney all contribute
significantly to the maintenance of calcium homeostasis. Together,
these organs maintain blood calcium levels between a predetermined
range of 8.5 and 10.5 mg/dL (2.12-2.62 mM). The exact control of
circulating calcium levels is necessary for important physiological
processes such muscle contraction, neuronal excitation, glycogen
metabolism, and coagulation. lons of calcium are necessary for key
biological functionslike cell adhesion and division. ahormone called
parathyroid thyroid hormone (PTH), which responds to low calcium
levels and works to bring them back within the normal range, is
secreted by the gland, an endocrine organ. With the advent of PTH
extraction techniques, the mechanism of action of PTH could be
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further investigated, and it was found that the hormone takes calcium
from the bone. The amount of calcium in the blood fell quickly
(within 15 minutes) after high quantities of calcium were perfused
into the thyroid and parathyroid glands. The only hormone known to
be released from the gland is PTH, thus the researchers postul ated
that the high calcium concentrations in the perfused tissues reduced
PTH secretion, which led to the observed decline in systemic calcium
levels. The researcherstested thistheory by removing the thyroid and
parathyroid from the dogs, anticipating the same impact on the levels
of circulating calcium in the absence of PTH. They were shocked to
find that systemic calcium levels stayed high. They came to the
conclusion that hypercalcemia drives the release of a hormone that
decreases blood calcium levels in addition to suppressing PTH

production. [20]

Thyrold gland Inhibits Ca** reabsorpuion
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Fig (1-3) In the extracelular fluid, calcium serves as a reservoir for

circulating calcium[21]

This calcium enters the extracellular fluid via the gastrointestinal

tract where it is absorbed from the food a person has eaten. Calcium

10



Chapter One Introduction

also becomes available through a process caled bone resorption,

which is the breakdown of bone tissue by cells called osteoclasts[21].

1.5.2 Thyroid Stimulating Hormone (T SH)

Thyroid Stimulating Hormone influences bone homeostasis
independently of thyroid hormones (THS) since it has receptors in
osteoclasts, osteoblasts, and the thyroid. The TSH exhibits active
effects on osteogenesis and inhibitory effects on bone resorption.
Research showed that as the concentration of recombinant human
thyroid-stimulating hormone (rhTSH ) increased, the formation of
osteoclasts was inhibited, and the mechanism by which TSH inhibits
osteoclastogenesis was increasing the expression of osteoprotegerin
(OPG) and decreasing the expression of receptor activator of nuclear
factor kappab ligand (RANKL) on osteoblasts. Additionally, TSH
reduced the expression of tumor necrosis factor a (TNFa), which
prevents osteoclastogenesis and reduces the number of osteoclasts.
On the other hand, adding TSH to osteogenic media enhanced the
amount of wingless/integrated(\Wnt5) a and boosted the expression of
osteogenic markers in embryonic stem cells (ESCs). Excessive THs
and low TSH are characteristics of hyperthyroidism, whichisinline
with the finding that these individuals have lower BMD since TSH

protection isn't present in their condition [22).

1.5.3 Estradiol (E2)

In addition to being involved in both male and femae
reproduction, the hormone estradiol (E2) also plays a part in
metabolism. E2 specifically impacts the risk of the metabolic
syndrome and T2DM and has an impact on the development of
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adipose tissue, dyslipidemia, IR, and inflammation. Increased
Glucose transporter typed(GLUT4) expression and glucose
absorption in muscle and adipose tissue are regulated by E2 as part of
insulin signaling, and GLUT4 is regarded as a halmark of
differentiation. Estrogen receptor 1 (ESR1, formerly ER-alpha),
estrogen receptor 2 (ESR2, formerly ER-beta), and the G-protein
coupled estrogen receptor 1 (GPER1) are the three receptors via
which E2 exerts its effects. A complex is created when E2 binds to
ESR1 and/or ESR2, recognizing estrogen responsive elements
(EREs) in mitochondrial and genomic DNA and controlling the
transcription of target genes involved in a variety of biological
consequences, such as cdl proliferation and death. The number of
cells each receptor has and where they are located in various target
organs determine the part, they play in controlling metabolic activity.
Adipose tissues have a higher level of ESR1 expression than skeletal
muscle does, and the opposite is true for ESR2. When compared to
mal e adipose tissue, femal e adipose tissue has higher ESRs, which is
hypothesized to be associated with greater insulin sensitivity in
women. Mice lacking estrogen receptorl(Esrl)throughout their
bodies and specifically in adipocytes exhibit insulin resistance, which
ismore evidence of Esrl'scrucial rolein adipose tissue and metabolic

function[23.

1.5.4 Cancer Antigen125 (CA125)

Protein biomarkers linked to endometrial cancer include
cancer antigen 125 (CA125) and human epididymis protein 4 (HE4).
It is known that the tubal, endocervical, and endometria epithelium
express the transmembrane protein and high-mol ecular-weight mucin
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CA125. CA125isclinically useful as adiagnostic biomarker and for
recurrence surveillance in malignancies of the ovary, pancreatic, and
particularly the breast. Additionally, CA125 has shown promise as a
predictive biomarker for endometrial cancer. There is mounting
evidence that CA125 may be useful for the early identification of
endometrial cancer when combined with HE4. TheHE4, amember of
the whey acidic protein family that was first discovered in the distal
epididymis, is expressed by a number of tissues, including those of
the female reproductive tract. Several cancers, including those of the
ovary, lung, and breast, have increased HE4 gene expression. Though
HE4'sbiological roleisyet unknown, the fact that it is overexpressed
in >90% of endometrial malignancies has generated interest in its

potential as a diagnostic biomarker for the condition24].

1.5.5 Vitamin Dz (1,25- di hydroxycholecalciferol)

Clinica research data suggested that calcium and vitamin D
supplements may have a positive impact on glucose metabolism [25].
Calcium is absorbed more quickly in the intestine thanks to vitamin
D, which aso lowers the risk of fractures while increasing bone
mineral density. Additionaly, vitamin D benefits both strength and
muscle mass26. By utilizing the Vitamin D Receptors (VDR),
vitamin D exerts its insulinotropic effect, increasing calcium influx
through the cell membrane. By encouraging insulin production in

pancreatic betacells, vitamin D has an impact on insulin secretion[27).
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1.5.6 Creatinine Kinase (CK)

An intramuscular enzyme called creatinine kinase (CK)
catalyzes the conversion of creatinine to phosphocreatine from
adenosine triphosphate (ATP). CK and other enzymes including
lactate dehydrogenase, adolase, myoglobin, and troponin are
nonspecific but important markers of muscle integrity since they are
released into the bloodstream during muscular stress and damage.
High CK emia is typicaly explained by a myopathic mechanism.
According to previous research, hyperCKemia and peripheral

neuropathy may be related [2g].
1.5.7 Alkaline phosphatase (AL P)
The tissue non-specific akaline phosphatase (ALP), is a

hydrolase enzyme that is widely expressed in human tissues,
particularly the liver, bone, and kidney. It is regularly evaluated in
clinica practice for the diagnosis and monitoring of bone and
hepatobiliary illnesses. In addition, A common clinica indicator of
liver or boneillnessisALP. It was demonstrated that high ALP served
as a predictive marker of poor survival in diabetic individuals with
acute myocardial infarction (MI), probably in conjunction with
decreased renal function in male patients. Additionally, in a single
case-control research, ALPin T2DMappeared to be marginaly linked
with men's CVD risk and stroke incidence. Only a small number of
prior prospective studies have examined the link between ALP and

incident diabetes, and they have produced mixed findings [29].
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1.5.8 Lipid profile

Low-density lipoprotein cholesterol (LDL-C) levels that are
abnormally high and low levels of high-density lipoprotein
cholesterol (HDL-c) and triglycerides (TG) are known as
dyslipidemia. An increased risk of diabetes is linked to any type of
dyslipidemia, either separately or in combination [30].
Triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-c)
ratio, a marker of atherogenic dyslipidemia, has recently been linked
to (IR), cardiovascular events, incident hypertension, and fatty
liveriai). The relationship between the TG/HDL-c ratio and the
prevalence of diabetes has been studied in few research. Although
their data point to a link between the TG/HDL-c ratio and diabetes,
the impact sizes of these findings are mixed [32] .
Additionally, the general population was included in earlier studies
looking into the relationship between diabetes and the TG/HDL-c

ratio[3o].

1.5.9 Glycated Hemoglobin (HbA1c)

According to current recommendations, glycated hemoglobin
(HbA1c) levels are used to measure glycemic management since they
indicate average glycemia over around three monthsHbA1c, on the
other hand, does not offer a gauge for hypoglycemia and glycemic
fluctuation. Variations in blood glucose levels are referred to as
glycemic variability. The potential dangers of glycemic variability
appear to be linked to both an increased risk of hypoglycemiaand its
consequences as well asthe potential for vascular damage brought on

by excessive glucose swings(33] [34].
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Short-term glycemic fluctuation, which includes within-day and
between-day glycemic variability, may eventually lead to higher
HbA1c levels. The variation in HbA1c between visits is related to
variations in glycemic control across longer time periods. Therefore,
the most popular method for evaluating long-term glycemic
fluctuation is HbA1c variability. The link between HbA 1c variation
and mortality as well as micro- and macrovascular issues has been
demonstrated in numerous research. A new meta-analysis looked at
the connection between changes in HbAlc and diabetes-related
morbidity and mortality in patients with DM. [3s].

1.6 Trace Elements

These metal ions play a number of biochemical roles that are
crucia for the various stages of bone regeneration because they affect
the balance between osteoblasts, osteoclasts, and osteocytes.
Therefore, it is important to address metals and the ions that belong
to them since they affect how bones repair. (Figl-4)(3s).
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Fig. (1-4) Influence of metal ionson the variety of processesinvolved in bone

regener ation[36]
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1.6.1 Iron(Fe™)

Metabolism of glucose is impacted by iron. Impairment of iron
uptake may be a factor influencing glucose metabolism. Insulin
sensitivity, vascular resistance, viscosity, and oxidative damage may
al be impacted by the serum ferritin content in T2DM patients[37).
Numerous studies have also shown that a much milder condition of
Iron overload (10), caused by an excessive amount of dietary iron or
avariety of other reasons, is also arisk factor for the development of
T2DM and gestational diabetes. Possible justifications for the link
between 1O and diabetes development include: ( too much iron can
increase the production of reactive oxygen species (ROS) and cause
hepatic steatosis, too much iron can result in improper glucose and
lipid metabolism; and too much iron can cause beata -cell
compensatory mechanisms to go awry and result in functional

failure)[zs].

1.6.2 Manganese (Mn*?)

manganese has also been linked to the regulation of blood sugar,
cellular energy, immune system activity, and mechanisms for
protecting against free radicals. Poor glucose metabolism may be
caused by Mn*2 deficiency. It functions as a cofactor in severa
enzymes, including those responsible for mitochondrial glycoprotein
synthesis. These enzymes' activity is decreased by a lack of Mn*?,
which changes how cartilage is produced [39].

Additionally, Mn*? functions as a cofactor for the enzyme
pyruvate carboxylase, which converts a variety of non-sugar

molecules into glucose in a process known as gluconeogeness.
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Another study using animal models demonstrated that Ni can cause
hyperglycemia via increasing hepatic glycogenolysis, increasing
pancreatic glucagon release, gluconeogenesis, or decreasing
peripheral glucose uptake. Numerous studies have connected
circulating Ni with a higher risk of T2DM [40]. However, the redox
potential of Mn*2 is also addressed as a potential factor in oxidative
stress, which could harm beta cells. In addition, it has recently been
discovered that Mn*2 affects the iron redox equilibrium, whichin turn
increases oxidative stress. Mn*?2has a long history of being a
neurotoxic substance. Specific Mn-species affect neurona tissue

damage and other harmful consequencesi4a).

1.6.3 Zinc (Zn*?)

Zincis a crucia trace element that plays a direct role in the
production, storage, and release of insulin. It is found in secretory
vesicles in the pancreatic cells, where it helpsinsulin crystallize. As
a result, it is released into the plasma along with insulin. also is
involved in more than 300 enzymatic reactions, may play apart in the
pathophysiology of TIDM. In particular, zinc is transported into cells
more easily by the solute carrier family 30 member 8(SLC30AS8) zinc
transporter  (ZnT8), which encourages the maturation and
crystalization of insulin. Additionally, ZnT8 antibodies, which were
very recently discovered, are found in 60 to 80 percent of TIDM
patients. In fact, a zinc shortage may accompany diabetes, and zinc
supplementation can prevent experimental TIDM from developingin
mice. Asaresult, low Zn levels could affect how T1DM develops.[42]
Zn deficiency disturbs the homeostasis of insulin, causing cells to

secrete less insulin. Zn supplementation has been shown to lower the
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likelihood of developing T2DM and improve insulin and glucose
levels in diabetic patients. Zn levels in diabetics, both with and
without problems, were shown to be lower than in the control group

in astudy by Devi et a. [43].

1.6.4 Copper (Cu*?

The third most common essential transition metal in humans
is copper (Cu*?), an essential trace metalj44], is a necessary mineral
that functions as a pro-oxidant and an antioxidant aswell asacatalytic
cofactor of enzymes including cytochrome ¢ oxidase and Cu/Zn
superoxide dismutasefss]. Copper is one of theseionsthat playsarole
in the pathophysiology of systemic illnesses like T1DM. By
increasing sensitivity to oxidative damage, an imbalance of Cu has
been linked to the etiology of DM inaprior study, and ameta-analysis
found a link between serum Cu*? concentrations and the risk of
T2DM. In addition to being involved in several physiologica
pathways and biological processes, including as angiogeness,
response to hypoxia, and neuromodulation, copper aso plays a
significant rolein the control of multiple enzymes and the creation of
structural components. Additionally, slight copper deficiency may
speed up the devel opment of anumber of diseases, including diabetes.
To ensure cardiovascular health, Cu*? is crucial. According to some
studies, a lack of this ion may increase the chance of developing
CVD, especidly in patients with T2DM with and without Diabetic
Kidney Disease (DKD). Hyperglycemia, serum heavy metd
concentrations, and their binding proteins all support oxidative stress
(O9) [44.
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1.6.5 Lithium(Li*Y)

Lithium was shown to have an antidiabetic action and to
enhance glucose tolerance in diabetic individuals. In order to do this,
short term lithium medication was linked to an insulin-like effect and
lower blood sugar levels. TIDM sufferers must take exogenous
insulin for the rest of ther lives since they have an utter lack of
insulin, which is uncomfortable and worsened by a variety of side
effects. Lithium has been used as a successful treatment for bipolar
psychiatric disorders since the late 1940s. It was unexpected to see
that some manic-melancholic individuals glucose tolerance
improved while on lithium. The precise chemica mechanism
underlying lithium's ability to mimic the effects of insulin is largely
unknown. In contrast, stopping lithium medication in mental patients
has been linked to temporary hyperglycemia. It is unclear what
chemical process underlies lithium's hypoglycemic or anti-diabetic
effects. Early research suggested that lithium may have a direct

impact on 3 -cells4e].

1.7 Electrolytes

1.7.1 Potassium (K*1)

In fact, almost 98% of the body's potassium (K*?) is found in
intracellular fluid, making it one of the primary intracellular cations
in human body. TheK is essential for many physiological processes,
particularly the neuro-endocrine system and the control of blood
pressure (BP) [47. Hypokalemia is one of the most common
electrolyte abnormalities in clinical practice. It is often caused by

insufficient glycemic control brought on by polydipsia and polyuria,
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especially diabetic ketoacidosis (DKA) and hyperglycemic
hyperosmolar state (HHS), as well as polydipsia and polyuria in
general. Atria fibrillation, respiratory muscle dysfunction, an
increase in the time between the beginning of the Q wave and the end
of the T wave interval, torsade des pointes, ventricular fibrillation, as
well as higher morbidity and mortality in diabetics with heart failure
(HF) and CKD areclinical issues linked to hypokal emia4s).

1.7.2 Sodium (Na*h)

People with T2DM may experience osmotic diuresis as a result
of the hyperglycemia brought on by the illness, which raises sodium
excretion in the urine and results in hyponatremia. Sodium is an
essential component for healthy physiological activities. Such
hyponatremia is associated with a number of detrimental clinical
symptoms and pathophysiological changes in T2DM patients.
Although sodium is important for the endocrine and circulatory
systems, little is known about the connection between serum sodium
and new-onset diabetes, especially in hypertensive people. Sodium
and glucose are the primary regulators of neurohumoral regulation
and maintain astable osmolality rangej49]. In bones, where about 40%
of it may be easily converted to sodium in the blood, sodium is a
mineral that is abundant. As aresult, in hyponatremia patients, bone-
derived salt can enter the bloodstream, preserving blood pressure,
blood volume, and tissue perfusion as well as perhaps inducing some
bone resorption. People with fractures had considerably higher
incidence of hyponatremia than people without fractures in a case-

control study(so].
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1.7.3 Magnesium (Mg*?)

Many clinical illnesses with a chronic inflammatory
component have a low Mg status, which is very commonlt is
important to remember that even a subclinical Mg deficit could cause
the release of inflammatory cytokines and free radicals, leading to a
chronic low-grade inflammatory condition. This chronic state of
inflammation serves as a common substrate for many non-
communicable diseases, including cardiovascular issues, metabolic
syndrome, hypertension, and type 2 diabetes. Mg deficiency in
T2DM and metabolic syndrome, which may take the form of alatent
subclinical Mg deficiency rather than a less frequent overt
hypomagnesemia, may have physiopathologica and clinical
significance because the Mg ion is an essential cofactor for many
enzymatic reactions involved in a variety of metabolic processes.
Magnesium is the fourth most prevalent mineral in the human body,
after only cal cium, sodium, and potassium The second-most prevalent
intracellular cation after potassum is magnesum. Hundreds of
biological and enzymatic processes require the cofactor magnesium,
and current estimates place this number at over 600. For numerous
carbohydrate-related metabolic pathways, cellular Mg+2 is an
essential cofactor. Due to its vital involvement in the Mg-ATP
complex, which isacrucial component for all of the glycolysis rate-
limiting enzymes, the Mg specifically regulates the activity of al
enzymes involved in phosphorylation processesis).
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1.7.4 Calcium ( Ca)*?

The most recent meta-analysis showed that calcium and
vitamin D3 supplementation significantly lower fasting glucose,
homeostasis model assessment of insulin resistance (HOMA-IR), and
insulin levels [251. The human body uses calcium for a variety of
biological functions, including heart pumping, neurotransmission,
and bone mineralization. Calcium, the most prevalent mineral in the
human body, is also necessary for biologic functions like insulin
release and retinal function. A higher risk of type 2 diabetes (T2D)
has been linked to higher serum calcium levelsin several large cohort
studiess2). Consuming calcium may help prevent obesity and
overweight, which are risk factors for type 2 diabetes mellitus. A
negative correlation was shown by Varenna et a. between increased
dairy intake and BMI. According to their research, eating enough
calcium may help prevent osteoporosis and being overweight or
obese. Additionally, Patients with type 2 diabetes experience more
weight reduction when they consume dairy calcium, and dairy

products may aid in maintaining weight l0ss[s3).
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1.8 Resear ch objectives

1. Taking into account these variables as an indication of
osteomyelitisin diabetics.

2. follow some of the biochemical variables for diabetics Compared
to healthy individuals.

3. Measuring the concentration of some trace elements in the blood
sera of diabetics compared to healthy individuals.
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2.1 Subject

The current study was conducted in the Endocrinology and
Diabetes Center and some private laboratories in Maysan Governorate
during (January 2023- April 2023). The whole blood sample included
120 women aged 20- 65years, divided into two groups.

e Control group 40 (healthy females).
e Diabetic group (T2DM) 80 females.

The women samples have been checked medically by Diabetes
specialist and has been diagnosed with diabetic and some of them are
obesity according to (BMI and HbA1c) levels. Pregnant women and
smokers have been excluded. A questionnaire has been designed to
obtain the actual information about the sample individuals in Maysan

Governorate.
2.2 Sample’s Collection

Blood samples of healthy individua were collected, forty female
samples from different age groups (20-65) years, and eighty blood
samples form diabetic patients (20-65) years. The veins blood was
drawnin avolume of 8 mL at (8-11) am to obtain the sample., using the

disposable plastic syringe for each female (without tourniquet).

Transferring 5mL of blood in to a gel tube, left for proximately
twenty minutes until the blood coagulation, centrifuged at 4000
revolutions/minute for 5 minutes to obtain blood serum and transfer the
serum into a plane tube and abandaruff tube, stored at a temperature of
-4 °C before laboratory testing is done and 2mL of whole blood was
transferred to an EDTA tube ( containing Anticoagulant) for HbAlc
test.
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2.3 Experimental Design

[ Dicbetes ]

|

[ Whole blood

!

Biochemical Analytical
Parameters M ethods

"

[ Digested Serum ]

/ Lipid profile \
Cadlcitonin
TSH Fe+2
Estradiol 11 M2
Alkaline Phos. Mg*2
Creatinine Cu*2
Kinase Zn*2
Vit. D3 Na+1
CA125 K+
Cdcium Li+
\_ - -
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2.4 Instruments and Equipment

The tools and equipment that used in this study together with their

countries of the origin were shown in Table (2-1).

Table (2-1): Theinstruments and equipment used in the study.

No. I nstrument Origin
1 A 15 Bio system Spain
2 Centrifuge Japan
3 Cold box China
4 EDTA tubes China
5 Electronic balance China
6 Enzyme —Linked Immunosorbent China
Assays (ELISA)
7 Eppendorf tubes (1.5ml) UK
8 Flame atomic absorption Canada
spectroscopy, Aurora, AI-1200
9 Flame photometer- PFP7 Ireland
10 Frozen deep freeze Germany
11 Gel tubes China
12 Hot plat Korea
13 Micro pipet (0.5ml) Germany
14 Nomination paper Germany
15 Plain tubes China
16 Stature meter China
17 Syringe China
18 Tips(0.5ml) China
19 VIDAS France
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2.5 Laboratory Kits

The laboratory Kits, used in this study are shown in Table (2-2)

Table (2-2): Thelaboratory kitsused in the study.

No. Material (kits) Origin
1 ALP Spain
2 Ca Spain
3 Cal25 Italy
4 Calcitonin China
5 CK Spain
6 Ell France
7 HbA1c Bio Lab / France
8 HDL Spain
9 LDL Spain
10 TC Spain
11 TG Spain
12 TSH France
13 Vitamin D3 France
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2.5.1 ELASA Kit

The contents of ELASA kits are shown in the following

Table (2-3): (Human calcitonin ELASA kit Components

No. Materials provided with thekit| Determinations
1 User manual 1
2 Closure plate membrane 2
3 Sealed bags 1
4 Micro Elisastrip plate 1
5 Standard:270 pg /mL 0.5 mLx 1bottle
6 Standard diluent 1.5mL x1bottle
7 HRP-Conjugate reagent 6mL x1bottle
8 Sample diluent 6mL x1bottle
9 Chromogen solution A 6mL x1bottle
10 Chromogen solution B 6mL x1bottle
11 Stop solution 6mL x1bottle
12 Wash solution 20 mL
(30X) x1bottle

2.5.2 VIDAS Automated Kit

The contents of VIDAS kit for TSH, Ell, CA 125 Il and Vitamin D are
listed as the following: Materials required but, not provided:

» Pipette with disposable tip to dispense 2ml, 3ml and 200uL.

= Powderless, disposable gloves.

= [nstrument of the VIDAS family.
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2.5.3 A 15 Bio system

The contents of Bio system kit for Ca, CK, ALP, Lipid Profile.

2.5.3.1 S. Calcium kit

A. Reagent. 10x50 mL, Arsenazo III 0.2 m mol /L, imidazole 75 m

mol / L.
2.5.3.2 S. Creatine Kinase (CK)

A. Reagent: 3 x 12 mL. Imidazol 125 mmol/L, EDTA 2 mmol/L,
magnesium acetate 12.5 mmol/L, D-glucose 25 mmol/L, N-acetyl
cysteine 25 mmol/L, hexokinase 6000 U/L, NADP 2.4 mmol/L, pH 6.7.

B. Reagent: 1 x 10 mL. Creatine phosphate 250 mmol/L, ADP 15
mmol/L, AMP 25 mmol/L, P1,P5-di(adenosine-5'-)pentaphosphate,
102 pumol/L, glucose-6-phosphate dehydrogenase 8000 U/L.

2.5.3.3 S. Alkaline Phosphatase (AL P)

A. Reagent: 5 x 16 mL. 2-Amino-2-methyl-1-propanol 0.4 mol/L, zinc
sulfate 1.2 mmol/L, N-hydroxy ethyl ethylene diamine tri acetic acid
2.5 mmol/L, magnesium acetate 2.5 mmol/L, pH 10.4.

B. Reagent: For 2 x 10 mL. 4-Nitrophenylphosphate 60 mmol/L.
2.5.3.4 S. Cholesterol (TC)

A. Reagent. 10 x 50 mL, Pipes 35 mmol/L, sodium cholate 0.5 mmol/L,
phenol 28 mmol/L, cholesterol esterase > 0.2 U/mL, cholesterol
oxidase > 0.1 U/mL, peroxidase > 0.8 U/mL, 4-aminoantipyrine 0.5
mmol/L, pH 7.0.
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2535S. Tri Glycerides (TG)

A. Reagent: 10x50 mL, Pipes45 m mol / L, magnesium acetate 5m mol
/L, 4-chlorophenol 6 m mol /L, lipase >100 U/mL, glycerol kinase >1.5
U/mL, glycerol-3-phosphate oxidase > 4 U/mL, peroxidase > 0.8
U/mL, 4-aminoantipyrine 0.75 m mol/L, ATP 0.9 m mol/L, PH 7.0.

2.5.3.6 S. Cholesterol HDL

A. Reagent. 3 x 20 mL, Good's buffer, cholesterol oxidase < 1 U/mL,
peroxidase < 1 U/mL, N, N-bis(4-sulfobutyl)-m-toluidine (DSBmT) 1

mmol/L, accelerator 1 mmol/L.

B. Reagent. 1 x 20 mL, Good’s buffer, cholesterol esterase < 1.5 U/mL,

4-aminoantipyrine 1 mmol/L, ascorbate oxidase < 3.0 KU/L, detergent.
2.5.3.7 S. Cholesterol LDL

A. Reagent. 3 x 20 mL, MES buffer > 30 mmol/L, cholesterol esterase
< 1.5 U/mL, cholesterol oxidase < 1.5 U/mL, 4-aminoantipyrine 0.5
mmol/L, ascorbate oxidase < 3.0 U/L, peroxidase > 1 U/mL, detergent,
pH 6.3.

B. Reagent. 1 x 20 mL, MES buffer > 30 mmol/L, N, N-bis(4-
sulfobutyl)-m-toluidine (DSBmT) 1 mmol/L, detergent, pH 6.3.
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2.6 Mindray Automated Kit

2.6.1HbA1c

Table (2.4): Mindray kit Components

No. [tem Specifications
1 Reagent 2vias
2 Disposable stirrers 2 x50
3 Negative control. 1Xx1mL
4 Positive control. 1 x 1 mL
5 Test cads 3

2.7 Analytical Chemical

The chemicals used in this study were all analytical reagent grad,

Table (2-5) shows chemicals, purities, companies and origin
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Table (2-5) Chemicals used and their chemicals formula, purities, companies

and origin.
No. | Chemicals Chemical Purity [ Company | Origin
Formula
Copper :
1 sulphate CuSO4.5H0 [ 99.99% | Pubchem | China
heptahydrate
Ferrous Thomas _
2 FeSO, 99% India
sulphate beaker
3 | Hydrochloric HCI 37% |Applichen| USA
acid
Lithium Stock _
4 solution Li 99.99% | Jenway | Ireland
(1000 ppm)
Magnesium Thomas _
5 sulphate MgS0O,.7H,0 99% beaker India
heptahydrate
6 | Manganese MnO; 85% BDH South
dioxide Korea
7 Nitric acid HNO3 69% |Applichem| USA
g | Perenloric HCIO, 70% | Gce UK
acid
. Thomas _
9 | Potassum KCl 99% India
chloride beaker
Sodium Thomas _
10 _ NaCl 98% India
chloride beaker
11 | Zincacetate | (CHsCOO)2 | 9950 |ANALAR | China
Zn.5H20
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2.8 Methods

2.8.1 Body Mass Index (BM1)

Calculated by dividing weight in kilogram by the square of height (m?)
according to (WHO 2020), obese individual has BMI over 30 kg/ m?.

BMI to document weight status (overweight: BMI 25-29.9 kg/m2 ;
obesity class I: BMI 30-34.9 kg/m2 ; obesity class II: BMI 35-39.9
kg/m2 ; obesity class111: BMI 40 kg/m2[s4].

2.8.2 Deter mination of Hor mones Assay

2.8.2.1 Deter mination of Calcitonin Hor monesss)

Calcitonin is evaluated by using enzyme —linked-immunosorbent-assay
(ELISA) system, with human Kit.

Principle of Assay

1- Dilution of Standards: First dilute the standard in tiny tubes, then
pipette 50 uL from each tube to a microplate well, using two wells per

tube for atotal of ten wells.

2. IntheMicro Elisastrip plate, Empty awell to serve asablank control.
With a dilution factor of 5, 40 | of sample dilution buffer and 10 | of
sample are added to sample wells. Samples should be put onto the
bottom of the wells without touching the wall. Shake gently to
thoroughly combine.

3. Incubation: After the Closure plate membrane has been seaed,
incubate for 30 minutes at 37°C.
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4. Dilution: Distilled water should be used to dilute the concentrated
washing buffer (30 timesfor 96 T and 20 timesfor 48 T).

5. Washing: Gently remove the membrane from the closure plate,
aspirate, and refill with the wash solution. After the wash solution has
rested for 30 seconds, discard it. Five times during the washing process.
6. Addition:50uL HRT-Conjugate reagent to each well except the blank
control well.

7. Incubation as described in Step (3).

8. Washing as described in Step (5).

9. Coloring: Added 50pL Chromogen Solution A and 50uL Chromogen
Solution B to each well, mix with gently shaking and incubate at 37°C
for 15 minutes.(They had been stayed away from the light, while
coloring).

10. Termination: Added 50l stop solution to each well to terminate the
reaction. The color in the well should change from blue to yellow.

11. Using: Microtiter plate reader, read absorbance O.D. at (450 nm).
The OD vaue of the blank control well is set as zero. Assay should be

carried out within 15 minutes after adding stop solution.

2.8.2.2 Deter mination of TSH Hor monese)s7]

The TSH hormoneisdeterminate by using VIDAS system, with human
TSH kit.

Principle of Assay

1- Only taken the necessary reagents out of the fridge, and give them at
least 30 minutes to come to room temperature.

2- For each sample, control, or calibrator that needsto be tested, use one
"TSH" strip and one "TSH" SPR. Once the necessary STRs have been
taken out, make sure the storage pouch has been properly resealed.
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3-The"TSH" code on the instrument designates the test. The calibrator
needs to be designated as "S1" and tested twice. The control should be
designated as"C1" if it will be tested.

4- Used to a vortex-style mixer to combine the calibrator, control, and
sample (for serum that has been separated from the pellet).

5- The 200 | section of the exam includesthe calibrator, the control, and
the sampl e test.

6- The "TSH" SPRs and "TSH" strips should be inserted into the
instrument. Make sure the SPRs' and the Reagent Strips' color labels
bearing the assay code are same.

7- Start the assay according to the User's Manual's instructions. The
instrument executes each assay step automatically.

8- After pipetting, seal the vials once more and bring them back to the
appropriate temperature.

9- The assay will be completed within approximately 40 minutes. After
the assay is completed, remove the SPRs and strips from the instrument.
10- Dispose of the used SPRs and strips into an appropriate recipient.

2.8.2.3 Deter mination of E II [ss[59[60][61][62]
Determination by using VIDAS system, with human kits.

1. Only take the necessary reagents out of the fridge, and let them sit
at room temperature for 30 minutes prior to use.

2. For each sample, control, or calibrator that needs to be examined,
use one "E2I" strip and one "E2" SPR. Once the necessary SPRs
have been taken out, make sure the storage pouch has been
meticulously resealed.
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3. The "E2" code on the instrument serves as the test's unique
identifier. The calibrator must be marked with "S1" and tested three
times. C1 should be used to indicate the control if it needs to be
tested.

4. Toincreasethereproducibility of the results, combine the calibrator,
control, and sample in avortex-style mixer (for serum that has been
separated from the pellet).

5. Thetota volume of the test's calibrator, control, and sample test is
200 1.

6. Attach the E2I SPRs and E2 Reagent strips to the device. Make that
the SPRs and the Reagent strips have the same color |abels with the
assay code.

7. Start the assay as instructed in the user's guide. The instrument
executes each assay step automatically.

8. After pipetting, seal the vials once more and store them at 2-8°C..

9. The test should be finished in about 60 minutes. Remove the SPRs
and the strips from the instrument after the assay is finished.

10.Place the used SPRs and strips in the proper recipient for disposal..

2.8.2.4 Determination of CA 125 II™

(125)163)[641[65][66][67][68][69]

Determination by using VIDAS system, with human kits.
Principle of Assay

1. Only take the necessary reagents out of the fridge, and give them at
least 30 minutes to come to room temperature.

2. For each sample, control, or calibrator that needs to be examined,

use one "125" strip and one "125" SPR. Once the necessary SPRs
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have been taken out, make sure the storage pouch has been
meticulously reseal ed.

3. The "125" code on the instrument serves as the test's unique
identifier. The calibrator needs to be designated as "S1" and tested
twice. The control should be designated as"C1" if it will be tested.

4. Useavortex-style mixer to combinethe calibrator and/or the control
and samples (for serum that has been separated from the pellet).

5. The 200-L calibration, control, and sample test portions are used in
thistest.

6. Activate theinstrument with the"125" SPRsand "125" strips. Make
sure the SPRs' and the Reagent Strips' color |abels bearing the assay
code are same.

7. Start the assay as per the User's Manual's instructions. The
equipment automatically completes each assay step.

8. After pipetting, seal the vials once more and bring them back to the
appropriate temperature.

9. The test should be finished in about 60 minutes. Remove the SPRs
and strips from the instrument after the assay is finished.

10.Place the used SPRs and strips in the proper recipient for disposal.

2.8.2.5 Deter mination of Vitamin Da[za[zu[z273741751[76][771[78]

Determination by using VIDAS system, with human Kits.

Principle of Assay

1.Take only the necessary reagents out of the fridge. They are
immediately usable.

2. For each sample, control, or calibrator that needsto be evaluated, use
one "VITD" strip and one "VITD" SPR® from the kit. Once the
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necessary SPRs have been taken out, make sure the storage pouch has
been meticulously resealed.

3. The"VITD" code on theinstrument identifiesthe test. It is necessary
to test the calibrator twice and identify it with "S1. The control should
be designated as"C1" if it will be tested.

4. If necessary, centrifugate the samples to remove any debris.

5. Use a vortex-style mixer to combine the calibrator, control, and
samples (for serum or plasmathat has been separated from the pellet).
6. Check for bubbles in the samples, calibrators, controls, and diluent
before pipetting.

7. Thetotal volume of the test's calibrator, control, and sampletest is
100 L.

8. Placetheinstrument's"VITD" SPRsand "VITD" stripsinside. Make
sure the SPRs' and the Reagent Strips' color |abels bearing the assay
code are same.

9. Start the assay as per the User's Manual'sinstructions. Theinstrument
executes each assay step automatically.

10. After pipetting, seal the vials once more and store them at 2-8°C.
11. It will take about 40 minutes to complete the assay. Remove the
SPRs and strips from the instrument after the assay is finished.

12. Place the used SPRs and strips in the proper recipient for disposal.

2.8.3 Calciumrg
The method's guiding principle

When arsenazo |1l and alcium in the sample combine, a colored
complex is created that can be detected using spectrophotometry.
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2.8.4 Enzymes
2.8.4.1 Deter mination Creatine Kinase (CK)(s
Principle of the method

Creatine kinase (CK) catalyzes the phosphorylation of ADP, inthe
presence of creatine phosphate, to form ATP and creatine. The catalytic
concentration is determined from the rate of NADPH formation,
measured at 340nm, by means of the hexokinase (HK) and glucose-6-
phosphate dehydrogenase (G6P-DH) coupled reaction.

Creatine phosphate + ADP _ck creatine + ATP

——

ATP + Glucose HK ADP + Glucose-6-phosphate

——

Glucose-6-phosphate + NADP"  GeP-DH  6-phosphogluconate +
NADPH + H*

2.8.4.2 Deter mination Alkaline Phosphatase (ALP) AMP

[81]
Principle of the method

Alkaline Phosphatase (ALP) catalyzes in akaline medium the
transfer of the phosphate group form 4-nitrophenylphosphate to (2-
amino-2-methyl-1-propanol) (AMP), liberating  4-nitrophenol. The
catalytic concentration is determined from the rate of 4-nitrophenol
formation, measured at 405 nm.

4-Nitrophenylphosphate + AMP __ ALp AMP-phosphate + 4-
Nitrophenol
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2.8.5 Lipid Profile Assay

2.8.5.1 Total Cholester ols2)[s3)[84]

Principle of method

Free and esterified cholesterol in the sample originates, by means
of the coupled reactions described below, a coloured complex that can

be measured by spectrophotometry.

Cholesterol+ H20  cho. Esterase Cholesterol+ Fatty acid

——

Cholesterol+ 1202 +H20  chol. Oxidase ; Cholestenone + H20

2H,0 + 4- Amino antipyrine Pperoxidase Quinonimine + 4H,0O
—

Reagent preparation

Reagents were ready to use.

2.8.5.2 Deter mination of Tri Glyceridesss)ss]
Principle of the method

Tri glycerides in the sample originates, by means of the coupled
reactions described below, a coloured complex that can be measured by

spectrophotometry.

Tri glycerides+ H2O  lipase  Glycerol + Fatty acids

Glycerol + ATP glycerol kinase Glycerol -3-P+ ADP
—
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Glycerol-3-P+ O2  G-3-P-oxidae.  Dihydroxyacetone-P +4H-20

2H202 + 4- Amino antipyrine + 4-Chlorophenol  peroxidase

Quinonimine + 4H20

2.8.5.3 Determination Cholesterol HDL Direct[s7

Principle of the method

The cholesterol from low density lipoproteins (LDL), very low
density lipoproteins (VLDL) and chylomicrons, is broken down by the
cholesterol oxidase an enzymatic accelerated non-color forming
reaction. The detergent present in the reagent B, solubilizes cholesterol
from high density lipoproteins (HDL)in the sample. The HDL
cholesterol is then spectrophotometrically measured by means of the

coupled reactions described below.

Cholesterol esters+ H:O cho. esterase Cholesterol + Fatty acid

——)

Cholesterol + 172 O2+H20 cho. oxidase cholestenone + H20
——)

2H202 + 4-Aminoantipyrine+ DSB m T Pperoxidase . Quinonimine +
4AH202

2.8.5.4 Determination Cholesterol LDL Direct [sg
Principle of the method

Cholesterol from chylomicrons, very low density lipoproteins
(VLDL), and high density lipoproteins (HDL) is solubilized by a
particular detergent. Cholesterol esterase and cholesterol oxidase break

down the cholesterol esters in anon-color-forming process.
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Low density lipoproteins (LDL) in the sample are solubilized by
the second detergent, which is a component of reagent B. Following
that, the coupled reactions listed below are used to peform a

Spectrophotometric measurement of the LDL cholesterol.

Cholesterol esters+ H20  chol. esterase Cholesterol + Fatty acid

——)

Cholesterol + 1/2 O2 + H2O chol. oxidase Cholestenone + H20:
—

2 H202+ 4-Aminoantipyrine+ DSB mT  Peroxidase

Quinoneimine + 4H0

2.8.6 HbA1cisg

HbA1c was evaluated by using Mindray system, with human HbA1c
Kit.

Principle of Assay

1. The HbA1C kit put out of refrigerator for 10 min.

2. The reagents are placed in their place on the side of the externa
device.

3. The two milliliters (2ml) of blood were taken by medical syringe
and place it in EDTA tube and then, the sample mixed gently by
inverting the tube.

4. The sample tubes allowed to reach the room temperature (25 c)
before performing assy.

5. The sampletubeisloaded into the D-10sample rack and put it in the
place known inside the device D-10 .

6. Patient QC ID was appearing on the screen after they have been
acanned by the barcode reader.

7. The DONE button was press after you have entered each patient ID.

8. The START button was press to begin the analysis.

9. The steps for the device followed to start the calibration process
automatically.

Assay range: 4.2 - 6.4.
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2.9 Deter mination of the Elements

2.9.1 Digestion Procedur e of samples

The samples were digestion by adding (10mL) of mixture containing
(HNO3z:HCIO,4) mixed at 4:2 ratio to (0.5mL) serum in beaker 10 mL,
heated for (1 hr.) at (120 °C) by a hot plate, until the volume became
(ImL) and clear (if it is not, it must be filtering), cooling to room
temperature, transferred quantitatively to volumetric flask 25 mL,
diluted with deionized water up to the mark(go.Fig (2-1).

Fig. (2-1) Digestion of samples
2.9.2 Preparation of Standard Solutiongn

2.9.2.1 Stock solution of [ron(1000ug/mL)

Stock solution of Iron was prepared by dissolving (0.027g) of
FeSO, in smal volume of 5% HCI, transferred quantitively to
volumetric flask (100 mL) filled to the mark with deionized water. The
working standard solutions (0.5-2 pg/ml) were prepared by serial
dilution of the stock solution, as shown in Fig ( 2-2).
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Fig. (2-2) Standard calibration curve of Fe*? by Flame atomic absorption
spectr oscopy

2.9.2.2 Stock solutions of M agnesium(1000ug/mL)

Stock solution of Magnesium was prepared by dissolving (1.0143g) of
MgS0O,.7H,0 in small volume of 5% HCI, transferred quantitively to
volumetric flask (100 mL ) filled to the mark with deionized water. The
working standard solutions (0.5-2 pg/mL) were prepared by serial
dilution of the stock solution, as shown in Fig.( 2.3).
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Figure (2-3) Standard calibration curve of Mg*? by Flame atomic absor ption
spectr oscopy

2.9.2.3 Stock Solutions of M anganese (1000ug/mL)

Stock solution of manganese was prepared by dissolving (0.1582

g) of MnO,) in a small amount of 5% HCI, transferred quantitively to
volumetric flask (100 mL ) filled to the mark with deionized water. The
working standard solutions (0.5-2 pg/ml) were prepared by serial
dilution of the stock solution, as shown in Fig. (2-4).
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Fig. (2-4) Standard calibration curve of Mn*2 by Flame atomic absorption
spectr oscopy

2.9.2.4 Stock Solutions of Zinc (1000pug/mL)

Stock solution of zinc was prepared by dissolving (0.2469 g) of ZnSO,
in small amount of 5% HCI, transferred quantitively to volumetric flask
(100 mL) filled to the mark with deionized water. The working standard
solutions (0.5-2 pg/mL) were prepared by seria dilution of the stock
solution, as shown in Fig (2-5).
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Fig. (2-5) Standard calibration curve of Zn*2 by Flame atomic absorption
spectr oscopy

2.9.2.5 Stock Solutions of Copper (1000ug/mL)

Stock solution of Cupper was prepared by dissolving (0.3927 g) of
CuS04.5H,0 in small volume of 5% HCI, transferred quantitively to
volumetric flask (100 mL) filled to the mark with deionized water. The
working standard solutions (0.5-2 pg/ml) were prepared by seria
dilution of the stock solution, as shown in Fig. (2-6).
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Fig (2-6) Standard calibration curve of Cu*? by Flame atomic absorption

Sspectr oscopy

2.9.2.6 Stock Solutions of Potassium (1000ug/m

Stock solution of potassium was prepared by dissolving (0.19079g) of
KCI, in 10 mL deionized water, transferred quantitively to volumetric
flask (100 mL) filled to the mark with deionized water. The working
standard solutions (1-8 pg/mL) were prepared by serid dilution of the
stock solution, as shown in Fig. (2-7).
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Fig (2-7) Standard calibration curve of K** by Flame photometer

2.9.2.7 Stock Solution of Sodium(1000ug/mL)

Stock solution of sodium was prepared by dissolving (0.2540 g) of
NaCl in 10 mL deionized water, transferred quantitively to volumetric
flask (100 mL) filled to the mark with deionized water. The working
standard solutions (1-8 pg/mL) were prepared by seria dilution of the
stock solution, as shown in Fig. (2-8).
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Fig (2-8) Standard calibration curve of Na*! by Flame photometer

2.9.2.8 Stock Solution of Lithium(1000ug/mL)

The working standard solution of lithium (0.01-0.08 pg/mL) was
prepared by serial dilution of the stock solution (1000 pg/mL), as shown
inFig. (2-9).
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Fig (2-9) Standard calibration curveof Li* by Flame photometer
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2. 10 Statistical analysis

Operations in statistics were performed according to statistical analysis
The study groups will be compared using the student t test in the SPSS
version (24) program to see if there are any significant differences at
the vaue of P< 0.05 and aso the application of statistical anaysis to
determine the mean and standard deviation of the traits of people with
diabetes and healthy people.
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3.1 Diabetes M dllitus

Table 3- 1 : Distribution of DM patientsand control groups according to age

and Duration of disease, and BMI.

Variable Control DM P- value
(mean+SD) (mean+SD)
Age 334£7.57 45.30+6.35
(yearstSD) | | |
Weight (Kg) 75+10.56 78+1.519 |
Duration of disease |  ----- 16.48+1.723 | _____.
(month)
Height (m) 1.645+0.449 | 1.633+0428 |
Body mass index 32.035+4.326 | 29.93784+5.27 | 0.023649
(Kg/m?)
Blood pressure 118.46+0.77 | 117.40+1.651 |
(mmHg)

The results of this study are showed (45.30+6.35) years with DM

group, were detected in comparison with control group (33+£7.57).

These results are agree with Pouya Saeedi et a (2019). According to
estimates, diabeteswill bethe cause of 4.2 million deaths in adults aged
20 to 79 in 2019, making up 11.3% of al fatalities. This trandates to
eight fatalities every minute. Nearly half of these fatalities (46.2%, or
1.9 million) are thought to include persons under the age of 60. Women
(2.3 million) have a greater rate of diabetes-related mortality than men
(2.9 million), with aged 60 to 69 years old having the highest rate. The
highest diabetes-related death rates are found in the 60-69year age
group for males and the 70-79 year age group for women, according to
sex stratification of the estimates. A greater proportion of deaths linked
to diabetes occur in men than in women between the ages of 30 and
59(92).
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Obesity is the major risk factor for diabetes development.
Hartemink et al .(2018). has out a meta-analysis that discovered a dose-
response connection between BMI and T 2DM. According to research,
the chance of devel oping diabetesrose by 18% for every kg/m2 increase
in BMI. Young age is aremarkable barrier to getting diabetes by itself.
T2DM prevaence has increased primarily in middle-aged and elderly
people, athough there is compelling evidence that it is also increasing
in young adults. It has been hypothesized that the rising prevalence of
diabetes in young adults can be explained, at least in part, by the rising
prevalence of obesity in young people. However, there is a dearth of
information on diabetes in younger groups. Recent research has
demonstrated that there is a more pronounced difference between
younger and older persons in the association between BMI and its
effects. The risk of mortality per unit increase in BMI was higher in
younger than in older adults, according to the globa BMI mortality
collaboration, which included 239 prospective studies across four

continents.

Age appearsto have thereverse effect on the relationship between
BMI and rena disease, though.Only a small number of studies have
evaluated the variability of age on the link of obesity and T 2DM, with
mixed results. BMI was highly related with an elevated RR of
developing a metabolic condition, including type 2 diabetes and
cardiovascular disorders, according to data from the Third Nationa
Health and Nutrition Examination Survey. Additionally, as people
aged, the link between BMI and hypertension and cardiovascular
disease weakened. Age did not appear to have any moderating impact
on the link between BMI and T2DM, though . In comparison to

54



Chapter Three Results and Discussion

individuals older than 70 years old, subjects younger than 60 years old
showed a greater connection between BMI and the risk of diabetes,
according to meta-analysis data from Japan, Australia, and New
Zealand. [93].

Suggests that an SBP drop of about 130 mmHg is safe and may help to
explain some of these positive outcomes. It should be noted that the 140
mmHg target for diabetics receives at least as little direct evidence-
based support as the 130 or 120 mmHg targets. Even the harshest
detractors of an SBP of less than 120 mmHg were unable to refute the
more recent findings from studies showing that diabetics with SBP
levels at least a little above 130 mmHg have a very low risk of both
cardiovascular events and problems due to hypotension.Based on the
foregoing, we previousy suggested for at least careful reevaluation of
the recommended target of 140 mmHg in diabetes because a properly
planned trial comparing 130 to 140mmHg thresholdsisvery difficult to

arise soon.[94].

3.2 Hormonesand Tumor Marker

Theresultsin table 3-2 show the + SD of hormone levels and tumor

marker level in sera of patients with DM and control group.
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Table 3-2 Descriptive & Inferential statistics of hormoneslevels and tumor

marker level in DM patients& control group.

Diabetes (80) Control (40)
Parameters Mean + SD Mean+SD P- value
Caditonin | 3574190402 | 5.604£3.3009 | 0.000
pg/mL
TSH

2.806+0.21739 | 3.104+0.47268 | 0.794
ulu/mL
EIl

186+5.8362 | 49.16+3.8611 | 0.245
pg/mL
CALZS | 17 540410.0860 | 9772434238 | 0.012
U/mL
VitaminDs | 1o yee11 48622 | 15.356£0.81023 | 0.933
ng/mL

3.2.1 Calcitonin

The results show a significant effect (p=0.000) in Calcitonin
concentration in DM patients (3.574+£1.0402), were detected in
comparison with control group (5.604+ 3.3009) pg/d, and significant
effect (p<0.05) in BMI (29.93784+5.27), (32.035+4.326) Table3-1 DM
and control respectively. Numerous research that looked into the
connection between BMI and calcitonin levels came up with
contradictory findings. The largest tria, which included 9340 T2DM
patients, revealed arelationship between BMI and calcitonin levelsthat
was favorable. Nevertheless, a research by Song et al. that included
4638 healthy people failed to find a link between BMI and calcitonin.
Experimental research have demonstrated that consuming salmon
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calcitonin results in weight loss, despite the fact that the relationship
between calcitonin levels and BMI in humans has not been thoroughly
clarified. Additionally, these authors discussed various additional drugs
that target the calcitonin receptor and may be utilized to treat

obesity.[95].

3.2.2Thyroid Stimulating Hor mone

The results show non-significant effect in TSH concentration in
patients with DM (2.896 £0.21739), were detected in comparison with
control group (3.104+0.47268) plu/mL, (p=0.794), it’s not significant.
Theseresults are agree with Vadivelan Mehalingam et al.(2020)[96]. and
Marina Gabriela Birck et al.(2022)97).It's interesting to note that two
Korean longitudinal studies found individual-level variations in TSH
rather than a statistically meaningful link between diabetes incidence
and reduced TSH levels. Although a cohort study from Rotterdam
suggested that lower free thyroxine levels and higher plasma TSH
levels within the reference range of thyroid function were linked to an
increased risk of diabetesiog).

3.2.3 Estradiol

The results showed non-significant effect in (E 1)
concentration in patients with DM (186.50 + 5.8362), were detected in
comparison with control group (49.16 £3.8611) pg/mL.

The results of this study do not agree with Carolain Felipin Vincensi
Anklam et al. (2021). Estrogen, mainly 17B-estradiol (EII), is a

powerful antioxidant by modulating the expression and activity ofmore
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than a few antioxidant enzymes. As a result, postmenopausal
hypoestrogenism degrades the redox status, which is further worse in
diabetic women. Using a multivariate regression, we verified that
lipoperoxidation and T2DM are related. These findings thus
demonstrate a synergistic relationship between menopause and type 2
diabetes that increases the risk of oxidative damage. A persistent and
low-grade inflammatory illness may develop if thereisinsufficient Ell,
which is a potent anti-inflammatory hormone. Menopause both alone
and in combination with T2DM increased the leukometry in our sample,
resulting in postmenopausal women with T2DM having the greatest

numbers. [99].

3.2.4 Carbohydrate antigen 125 (CA-125)

The results show significant effect(p=0.012) in (CA-125)
concentration in DM patients(17.240+1.99860), were detected in
comparisons with control group(9.772+3.4238) U/mL.

The results of this study do not agree with Patricia Lourenco et
al (2022)[100].

The tumor markers known as glycosylation markers, such as CA125,
are membrane- or secrete- shed into the blood. The majority of studies
showed that tumor markers were frequently elevated in diabetes
patients, particularly in those with poor blood glucose control. Within
two weeks of maintaining stable blood glucose levels,
carcinoembryonic antigen CEA and carbohydrate antigens such CA125
and CA15-3 recovered to normal or dramatically decreased.[10].

The results of this study do not agree with Mana Abudawood et al.
(2020).
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There has been a perceived link between diabetes and certain cancers,
most notably pancreatic cancer. Analysis of several cancer biomarkers
was carried out to clarify any potential correlation that exists between
these indicators in order to clarify the relationship between HbAlc,
oxidative stress, and cancer in diabetic people. possible cancer
indicators, such as CA125. The CA125 levels among the groups were

only marginally significant. [102].

3.2.5Vitamin D3

The results show non-significant effect in (Vitamin Dj)
concentration in patients with DM (15.086+1.48622), were detected in
comparison with control group (15.356+0.81023) ng/mL.

The results of this study do not agree with Deepak S Bhodsle et
al(2018). Health benefits of vitamin D are both preventative and
reparative. Researchersin recent years havelinked low vitamin D levels
to diabetes and insulin resistance. There is evidence that vitamin D
allows body to secrete more insulin and may also increase insulin

sengitivity [12].

A non-significant and even inverse connection between 25(0OH)
D3; and HbA 1c%levels in diabetes individuals was found in the results
of various earlier investigations. In a cohort research, it was discovered
that there was an inverse correlation between glycosylated hemoglobin
levelsand 25(OH) D3 levelsin patients with T2DM as compared to the
control group. These findings suggest that 25(OH) D3 levels may

influence the regulation of glucose in T2DM{103][104].
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A non-significant negative association between the fasting blood
sugar and our study's findings was found. Furthermore, there is till
dispute regarding the involvement of vitamin D in the insulin pathway
despite the known connections between T2DM and vitamin D
insufficiency being previously noted. Preclinical research suggests that
vitamin D is crucid for the regulation of calcium influx into cells,
insulin production, and cell survival. Rat pancreatic betacells ability to
secrete insulin in response to glucose is compromised by a vitamin D
shortage, whereas supplementing with vitamin D appears to improve
this ability[1os)[106]. Pancreatic cells exhibit vitamin D receptor binding
of the circulating active form, 1,25(0OH)2D [107], Moreover, the insulin
gene was revealed to include a vitamin D response element [10g],
presence of vitamin D receptor in skeletal musclefio9]. Given the fact
that 1,25(0OH)2D increases the transcription of insulin receptor genes
[110], In addition, the renin gene is suppressed, which results in a
decreasein the hyperglycemia-induced risein renin levelsin pancreatic
cells.A fresh target for treating diabetes has been suggested: blocking

renin-angiotensin activity [10g].
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3.3 Enzymes

The resultsin table (3-3) show the = SD of calcium level and enzymes
levels expressed in mg/dL in sera of patients with DM and control
group.

Table (3-3) Descriptive & Inferential statistics of calcium level and enzymes
levelsin DM patients& control group.

Diabetes (80) Control (40)
Parameters | Mean + SD Mean+SD P- value
CK
U/L 109.70+6.2613 113.68+3.2471 0.767
ALP
U/L 106.98+39.175 08.48+24.641 0.326

3.3.2 Creatine Kinase enzyme (CK)

The results show non-significant effect in (CK) concentration in
patients with DM (109.70+6.2613), were detected in comparison with
control group (113.68+3.2471) UJ/L.

The results of this study are agree with Mezgebu L egesse Habte
et a.(2023)[111).The results of this study do not agree with Shamma
AlMuraikhy et al.(2022).

The data demonstrated greater levels of both CK and CK2, in addition
to the expected higher handgrip, among the common clinicaly
important features that were linked with physical exercise regardless of
insulin resistance status. The skeletal, cardiac, and muscles of the brain
(CK1, CK2, and CK3) all contain the enzyme CK. Skeletal muscles
account for the mgjority of the CK found in normal blood levels. Higher

blood levels of CK are a result of damaged tissues. CK and CK2 rise
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during exercise, regardless of the presence or absence of insulin
resistance, as they detect muscle damage brought on by increased
physical activity. [112].

Diabetes has been the focus of past study regarding the
relationship between cramps and the development of neuropathy.
According to a study from 2014, neuropathy is the single most
significant predictor for the onset of cramps in diabetes patients. T1DM
patients did not experience an increase in age-adjusted prevalence of
cramping. Since we did not quantify cramping as a complaint during
clinica evaluation, the prevalence of cramping in our study was lower

than that in other investigations.[2g].

3.3.3 Alkaline phosphatase enzyme

The results show non-significant effect in (ALP) concentration
in patients with DM (106.98+39.175), were detected in comparison
with control group (98.48+24.641) U/L.

The results of this study do not agree with Nishant Raizada,et
al.(2023) ALPIts bone-specific component most likely contributes to
vascular calcification in T2DM. ALP elevations in T2DM have been
reported in the past without explanation. Furthermore, it has been
observed that T2DM is associated with higher levels of bone-specific
alkaline phosphatase (BAP). It'sintriguing how BAP causes an increase
inarterial calcification. Vascular smooth muscle cellsexpressBAP. The
matrix vesicles that are released by vascular smooth muscle cells serve
asanidusfor vascular calcification. While some of these matrix-bound

vesicles include calcification inhibitors such fetuin A (non-calcifying
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vesicles), others have large amounts of BAP. BAP speeds up
cacification in many ways. Bone Alkaine Base Phosphatase
deactivates polyphosphates, particularly pyrophosphate, which prevent
calcification. Dephosphorylation of osteopontin has aso been
hypothesized as a mechanism for osteopontin inhibition. Additionally,
BAP has the ability to hydrolyze organic phosphate esters, releasing
phosphate, a substrate for calcification. Even if serum phosphate levels
are not increased, changes in the phosphate to pyrophosphate ratio in

the vascular tissue can cause vascular calcification. [113].

Theresultsof thisstudy do not agree with Y uhuaWen et a.(2021).
T 2 DM is now understood to represent a separate risk factor for
unstable fractures. Hypoglycemia, muscle weakness, and chronic
problems (such as retinopathy, neuropathy, and neuropathy) which
typically occur in the patient with prolonged duration of T2DM can all
contribute to the elevated fracture risk in T2DM patients.
Hyperglycemia should however always be taken into consideration
because it is crucia in the impaired bone metabolism experienced by
T2DM patients, which results in decreased bone strength. The results
of this study suggest that excessive glucose levels can harm bone
metabolism even in the early stages of T2DM. Therisk of osteoporosis
rose after HbA1c level in newly diagnosed T2DM. The expression of
genes linked to osteoblast maturation is likewise suppressed by
hyperglycemia and the hyperosmolarity it causes. Causes of
hyperglycemia[114].
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3.4 Lipid profile and Glycated hemoglobin

The results in table 3-4 show the + SD of lipid profile levels and
glycated hemoglobin level expressed in mg/dL in sera of patients with

DM and control group.

Table (3-4) Descriptive & Inferential statistics of lipid profile levels and
glycated hemoglobin level in DM patients& control group.

Diabetes (80) Control (40) .
Parameters Mean + SD Mean+SD P- value
1c 198.0092+5.02927 | 178.6400+36.96494 | 0.092
mmol/L
TG
201.4830+13.52659 123.080+5.162 0.007
mmol/L
HDL 45.92+7.42 47.50+13.48 0.587
mmol/L
LDL
114.64+4.092433 112.44+3.1678 0.814
mmol/L
HbAlc 10.0830+2.08591 5.4160+0.31712 0.000
mg/dL

3.4.1Lipid profile

The results showed non-significant effect in TC concentration in
patients with DM (198.0092+5.02927), were detected in comparisons
with control group (178.6400+£36.96494) mmol/L, The results showed
non-significant increase in HDL concentration in patients with DM
(45.92+7.42), were detected in comparisons with control group
(47.50£13.48) mg/dL, and , The results show non—significant increase
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in LDL concentration in patients with DM (114.64+4.092433), were
detected in comparisons with control group (112.44+3.1678) mmol/L.

The data shows only significant increase (p=0.007) in TG concentration
in DM patients (201.4830+13.52659), were detected in comparisons
with control group (123.080+5.162) mmol/L.

The results of this study are agree with Zihui Yan et a.(2022) only
(TG), but not agree with Zihui Yan in (TC, HDL, LDL). Diabetes is
closely related to dyslipidemia; hence, patients with T2 DM usually
present with low HDL, increased TG, and elevated level s of small dense
of LDL. Asaserum indicator, TG could be used to predict the risk of
diabetes; hence, elevated TG levelsincrease the risk of prediabetes.

Because aging raised blood TG levels and altered the body's TG
metabolism, elevated TG levelsin our study only increased the risk of
prediabetes and diabetes in the older group. As a result, metabolic
illnesses like diabetes, metabolic syndrome, and non-alcoholic fatty
liver disease were more prevalent in older personsthan in younger ones.
Additionaly, our study found that among middie-aged people,
unusually elevated TC levelsin the blood are arisk factor for a higher
risk of prediabetes. However, the older group did not exhibit the
corresponding connection. According to a longitudina analysis, TC
rose with age, peaked about middle age, and then started to fall. Because
of this, we hypothesized that aberrant TC levels had little of an impact
on diabetes in the elderly [115].

The results of this study do not agree with Biao Zheng et al.(2023). In
older persons who have lost weight, there is a 75% chance of dying

from an infection. As a result, directing the early detection and
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prevention of osteoporosis risk factors solely through BMI to
determining the appropriate body weight while disregarding its body
composition is not complete. According to this study, the changing
trend of the muscle/fat mass ratio (M/F), the appendicular skeletal
muscle mass/trunk fat mass ratio (A/T), and the M/F ratio were all
consistent with the femoral neck BMD (FNBMD), however the BMI
ratio was not. FNBMD reduced in patients with decreased, steady, and
growing BMI, while M/F and A/T similarly dropped in those with
increased BMI. According to the data, BMD is influenced by body
composition or constituent ratio rather than BMI. Unlike BMI, which
only considersthe benefits of muscle and the risks of fat, the evaluation
of BMD by M/F and A/T aso considersthe impact of body composition
ratio on BMD. Older persons who were obese and had muscle loss had
a higher risk of osteoporosis and nonvertebral fractures than those who

were merely obese, according to other studies[116].

3.4.2 Glycated hemoglobin (HbAlc)

The results showed significant effect (p=0.000) in HbAlc
concentration in DM patients (10.0830+2.08591), were detected in
comparisons with control group (5.4160+0.31712) mg/dL. The results
of this study are agree with Sandra Sif Gylfadottir et al.(2022)[117].

The results of this study are agreement with Zihui Y an et al.(2022)[115].

Patients with T2DM are at an elevated risk of developing hip fractures
in particular, and this risk is heightened in those who are on insulin,
have poor glycaemic control (high levels of HbA1c), which may
indicate the severity of the disease. Observational studies, on the other
hand, have revealed a higher fracture risk with more frequent
hypoglycemic episodes. According to the Rotterdam trial, people with

66



Chapter Three Results and Discussion

T2DM and a HbAlc level below 7.5% have a 62% higher risk of
fracture than those with a HbAlc level. The Action to Control
Cardiovascular Intensive glucose control patients (median HbA1c leve
6.4%) did not have a higher risk of fractures or falls than patients
recelving standard care (median HbA1c level 7.5%), according to the
Risk in Diabetes trial, indicating that lowering HbAlc levels below

7.5% does not significantly contribute to fracture prevention [11g].

The results of this study do not agree with Zahra Soleimania et
al.(2021)[119].

3.5Trace Elements
Table 3-5 showsthe + SD of Trace Elementslevelsexpressed in pug/mL

in seraof patients with DM and control group.

Table (3-5) Descriptive & Inferential statistics of Trace Elementslevelsin DM

patients& control group

Parameters Diabetes (80) Control (40) P- value
ug/mL Meant SD Meant SD
Fe*? 83.947+7.6631 105.020+38.074 0.200
M2 38.193+46.513 149.262+18.069 000
Zn'2 S8ASEIO0L | 154 425412719 | 000
cu'2 126.595+7.2825 340.170+£29.260 000
L+ 14.128+4.524 19.824+1.97/51 0.055
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Fig. (3.1) The mean concentration of (Li*t, Mn*?, Zn*?, Fe*?, Cu*?) in theblood
serum of DM patients and healthy individuals

3.5.11ron

The results show non-significant effect in (Iron) concentration
in patients with DM (83.947+7.6631), were detected in comparisons
with control group (105.020+38.074) pg/ml.

The results of this study agree with M. Basaki et a.(2012) though
the difference in Fe concentration was not significant. Thereis general
agreement in the literature that homeostasis of trace elements can be
disrupted by diabetes mellitus. On the other hand, alterations in the
status of trace elements and increased oxidative stress in diabetes
mellitus may be linked to the development of insulin resistance and
diabetic complications. Reactive oxygen species (ROS) can be

produced by free Fe, a molecule that is very pro-oxidant. Therefore, it
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iscrucia to maintain the homeostasis of free Fe because large levels of
it may be detrimental. It has been shown that patients with diabetic
retinopathy have greater Fe concentrations than healthy individuals.
Therefore, it would appear that the pathophysiology of diabetic
retinopathy involves oxidative damage brought on by a high
concentration of free Fe. Despite the fact that another study revealed a
rise in the Fe concentration in T2 DM, Ekin et a. reported that plasma
Fe concentration is not significantly affected in DM, there were no

variations in Fe concentration between the study groups{i2q).

The results of this study do not agree with Jun-Wel Wang et
a.(2022)[121].

3.5.2 Manganese

The results showed significant effect (p=0.000) in Mn*?
concentration in DM patients (38.193+46.513), were detected in
comparisons with control group (149.2 + 18.069) pg/mL.

The results of this study are agree with Sobhy Y akout et a.(2022).

According to the study's findings, the diabetic group's median
serum Mn levels were considerably lower than those of the control
group. Our findings support those of previous researchers who
discovered that T2DM patients' serum Mn concentrations were lower
than those of controls. Additionaly, one study found that pre-DM
individuals had lower intra-arterial Mn concentrations than controls,
which could lead to heart attacks and strokes. It was discovered that
T2DM patients urine Mn concentration was substantially higher than

that of controls. Thisinformation backs up some writers' assertions that
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people with T2DM may have lower blood Mn levels due to greater
urine Mn excretion. Supplemental Mn may lower the incidence of
T2DM issues by boosting the activity of the enzyme manganese
superoxide dismutase (Mn-SOD). Understanding that Mn exposure
should be kept to a minimum and shouldn't exceed what is commonly

found in food is essential. [40].
The results of this study do not agree with Ting Wu et al.(2023).

Mn is a necessary nutrient that can also potentially be hazardous
depending on the exposure level. By increasing MnSOD activity and
preventing diabetes, Mn supplementation may shield mitochondriaand
islets from ROS. However, it has al so been proposed that Mn may limit
glucose-stimulated insulin production in -cells by affecting
mitochondrial function. According to a cross-sectiona study including
coke oven employees, urine Mn levels were positively correlated with

hyperglycemia but not with the risk of developing diabetes [122].

3.5.3Zinc

The results show significant effect (p=0.000) in Zn*?
concentration in DM patients (58.475+3.0561), were detected in
comparisons with control group (154.425+12.719) pg/mL.

The results of this study are agree with Ana Maria Dascalu et
al.(2022)[43). The results of this study are agreement with Emine Sen et
al.(2021). After iron, zinc is the trace metal found in the body in the
second-highest concentration. More than 300 enzymes depend on zinc
for their proper function. Numerous physiological processes, including
cell division, tissue repair, bone formation, membrane stability, growth

and development, pregnancy, fertility, brain activity, taste, and appetite
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depend on it. Different findings about serum zinc in T2DM were found
intheinvestigationsthat were undertaken. In their studies, many experts
discovered that diabetic patients serum zinc levels were lower than
those of the healthy controls. Additionally, they demonstrated that in
the diabetic group, there was a negative association between blood zinc
levels and both serum glucose levels and basa HbAlc values,
demonstrating the value of zinc supplementation for enhancing
glycaemic control and lowering HbAlc levels. Serum zinc levels in
diabetic and hypertensive patients were shown to be greater in diabetes

patients compared to control groups in research by Zhang et al. [123] .

3.5.4 Copper

The results showed significant effect (p=0.000) in Cu*
concentration in DM patients (126.595 £7.2825), were detected in
comparisons with control group (340.170 + 29.260) pg/mL.

The results of this study do not agree with Rana MW Hasanato .(2020).
Serum levels of Cu were elevated among T2DM patients with poor
glycemic control compared to normoglycemic T2DM patients and
normal individuals. Increased Cu level among T2DM patients reported
previousy has been linked with the development of diabetes. Cu is a
pro-oxidant and high levels of Cu induce increased production
hydrogen peroxide resulting in 3 cell degeneration and development of
T2DM. Zn on the other hand is bestowed with anti-oxidant and anti-
inflammatory properties through its ability to down regulate the
production of inflammatory cytokines. In diabetes mellitus, low Zn
levels and high Cu levels tip the scales in favor of an inflammatory

environment. Diabetes raises free Cu levels, which are toxic and
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encourage pro-oxidant activity. This is due to elevated Cu levels,
decreased ceruloplasmin levels, and decreased Cu binding activity.
Protein glycosylationisinduced by hyperglycemia, and Cu hasagreater
affinity for these glycosylated proteins as a result. This increased
oxidative stress and free radical generation predispose T2DM patients
to disease-related problems [124].

3. 5.5 Lithium

The results showed non-significant effect (p=0.055) in
Li*tconcentration in DM patients (14.128+4.524) were detected in
comparisons with control group (19.824+1.9751) pg/mL.

Since lithium is a trace non-essential element, it has no known
biological roles in humans. However, lithium has been increasingly
incorporated into medical applications due to its positive effects in the
treatment of psychologica illnesses. The stimulation of neura
progenitor cell proliferation by the Wnt/-catenin pathway, which results
in an increase of the brain's grey matter, is generally acknowledged as
one of the several modes of action for lithium. It's interesting to note
that the Wnt/-catenin pathway also controls the proliferation of other
cell types, including bone marrow-derived mesenchymal stromal cells
(MSCs), indicating that lithium may potentially influence the growth of
these cellsin fact, a recent study found that lithium-mediated Wnt/-
catenin signaling boosted the proliferation of human bone marrow-
derived stromal stem cells (hMSCs) in vitro. Furthermore, prior
research indicated that this pathway was a key regulator of
osteoblastogenesis, which increased the attraction of using lithium in

tissue engineering. The chemical processes by which lithium promotes
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these effects are still unclear, despite the fact that a few studies have
shown that it has a positive effect on bone mineral density and lowers
the risk of fracture.Satija and colleagues reported diminished
proliferation of hMSCs treated with lithium and decreased expression
of adipogenic. and osteoclastogenic factors accompanied by the
induction of osteoblastogenic markers associated with collagen-1
deposition and mineralization; similar results were also reported by

other groups3e]

3.6 Electrolytes
Table 3-6 shows the = SD of electrolytes levels expressed in

pg/mL in seraof patients with DM and control group
Table (3-6) Descriptive & Inferential statistics of electrolytes levels in DM

patients& control group

Parameters Diabetes (80) Control (40) P- value
ug/mL Meant SD Meant SD
K+ 98.965+26.774 84.917+19.798 0.023
Nl 303.126+73.407 463.732+67.660 000
Mg2 89.051+8.676 38.433+1.543 0.034
Ca* 8.956+ 0.4272 9.164+ 0.2914 0.032
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Fig. (3.2) Themean concentration of (Mg*?, Ca*?, K*1, Na*!) in the blood serum of DM
patients and healthy individuals.

(-+the unit of measurement for calcium was changed from mg/dL—sag/L).

3.6.1 potassium

The results show significant effect (p=0.023) in K*'concentration
in DM patients (98.965+26.774) were detected in comparisons with
control group (84.917+19.798) pug/mL.

The results of this study are agree with Allan J. Collins et
al.(2017)[1251but do not agree with Qi Cheng et al.(2022) [49].

Potassium chloride (KCl), potassium bicarbonate, potassium citrate,
and potassium phosphate are the four primary categories of potassium-
contai ning preparations. When hypophosphatemiais present, potassium
phosphate solutions are especially helpful, as are citrate or bicarbonate
solutions when acidosis is present. But potassium chloride is typically
the best solution to use. The gastrointestinal tract's mucosa may get
irritated by oral KCI tablets, which typically contain 8 mmol K*. This

irritation may potentialy result in ulcerations or bleeding. This
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necessitates consuming alot of drink along with the medication. When
using non-steroidal anti-inflammatory drugs, angiotensin-converting
enzyme inhibitors (ACEi), or angiotensin receptor blockers (ARBS) in
diabetic patients with reduced glomerular filtration rate (GFR),
potassium-sparing diuretics can help prevent the onset of hyperkalemia.
Encouragement of the consumption of foods high in potassium, such as
bananas, tomatoes, lentils, amonds, fish meat, etc., while aways
bearing in mind the glycemic load of each food, isan intriguing strategy

for diabetes patients who are prone to hypokalemia. [4g].

The mgor adverse cardiovascular events (MACE) results presented
here add to asmall but growing body of evidence suggesting that serum
potassium (sK+) variability may be arisk factor for unfavorableclinical
outcomes. This increased risk may be concealed by analyses that only
takemean sK + over time or by the evaluation of competing biomarkers.
It is possible to draw comparisons, for instance, with the more well-
established significance of glucose variability as a risk factor and
potential surrogate marker for cardiovascular and microvascular

problems in diabetes patients.[126].

3.6.2 Sodium

The results showed significant effect (p=0.000) in
Na*'concentration in DM patients (303.126+73.407) were detected in
comparisons with control group (463.732+67.660) pug/mL.

Theresults of thisstudy are agreement with Hai-yan Huang et al.(2022).
These findings point to a potential role for low normal serum sodium
levels in T2DM patients impaired bone turnover. To our knowledge,
no research have specifically examined the rel ationship between normal

blood sodium levels and bone turnover in people with T2DM.

75



Chapter Three Results and Discussion

Numerous research have looked at the connection between
hyponatremia and bone hedth in people with subarachnoid
hemorrhage. Patients receiving incorrect antidiuresis syndrome
treatment or antiepileptic medication. the elderly and animal model
systems. In T2DM patients, serum sodium levels are related to bone
turnover. In this study, blood sodium levels were found to be strongly
positively linked with the markers of bone turnover, osteocalcin and the
N-terminal propeptide of type-l procollagen, but not with levels of the
C-terminal telopeptide (CTx) Patients with subarachnoid hemorrhages
who experienced transient mild hyponatremia frequently also showed
significant decreases in bone production, but not in bone resorption.
The lack of alink between sodium and CTx levels could be attributed
to two variables. One example is that low bone turnover in T2DM
patients is mostly due to decreased bone production. Furthermore, the
mobilization of bone salt stores to maintain circulation sodium
concentrations is a key component of the mechanisms through which
hyponatremia can accelerate bone resorption. however when sodium

levels are within the usual range, this effect can be less pronounced. [50].

3. 5.3 Magnesium

The results show significant effect (p=0.034) in Mg
concentration in DM patients (89.051+8.676), were detected in
comparisons with control group (38.433+1.543) pg/mL.

The results of this study do not agree with Nicola Veronese et
al.(2021). Through anumber of routes, magnesium may enhanceinsulin
sensitivity and glucose metabolism. First, chronic Mg deficiency has
been linked to reduced post-receptorial activity, which in turn causes

cells to use less glucose. This is known from experimental models.
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Additionally, Mg may enhance pancreatic beta-cells ability to secrete
insulin. Improvementsin HOMA-IR, especially in those at high risk of
diabetes, indicate that the major effect of magnesium appears to be a
reduction in insulin resistance, suggesting that magnesium functions
more effectively when there is an insulin deposit. Additionally, other
experimental data showing that Mg is able to reduce oxidative stress
and inflammatory parameters—two maor causes of insulin
resistance—confirm the findings about the improvement in insulin

sensitivity.[127].

It has been suggested that a dietary Mg deficiency may increase
the risk of developing osteoporosis and losing bone mass. Increased
dietary intakes of Mg were positively and significantly associated to
(BMD), according to epidemiologic research. On the other hand,
postmenopausal osteoporotic women who had inadequate dietary Mg
intakes had a higher rate of bone loss. In the Health, Aging and Body
Composition Study, it was found that in healthy white adults aged 70 to
79 at basdline, higher Mg intakes were linked to higher BMD.

Additionally, Mg is required for the synthesis, transport, and
activation of vitamin D; asaresult, deficienciesin Mg would hinder the
creation of 1,25-OH2 D3, the active form of vitamin D, and result in
resistance to PTH and vitamin D effects. The impacts of Mg deficiency
combined with decreased PTH responsiveness and low 1,25-OH2 D3
synthesis would interfere with the processes of bone formation and
mineralization, lowering the quality, strength, and BMD of the bone.
Anormal bone turnover can be restored by Mg supplementation, which
has been proposed to limit bone loss and lower the risk of osteoporosis.
It was discovered that women with higher dietary Mg intakeshad a27%
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lower risk for future fractures in the cohort of the "Osteoarthritis
Initiative" participants who were followed for 8 years. This finding
supports the protective effect of maintaining an adequate Mg balance

on the risk of osteoporosis and fragility fractures.[12g].

3.6.4 Calcium

The results show significant effect (p=0.032) in Calcium
concentration in DM patients (8.956t 0.4272), were detected in
comparisons with control group (9.164+ 0.2914) mg/dL. The results of
this study do not agree with Qi Cheng et al.(2022) [49].
The finding that calcitonin reduces the amount of circulating calcium
led to the theory that its physiological role in hypercalcemia may be
involved in returning normal serum calcium concentrations. This idea
was investigated in a number of vitro experiments using rats, many of
whom had parathyroidectomies without cells that secrete PTH or
thyroparathyroidectomies without cells that secrete both PTH and
calcitonin (C-cells). The thyroid gland was necessary to lower the
calcium concentrations in the circulation when calcium injection or

infusion caused hypercalcemiai2g.
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Conclusions and Recommendation

Conclusions:

1. Significant differences in the level of cacitonin, cancer
antigen125 and calcium in patients with T2DM compared to
healthy individuals.

2. Significant differences in the level of trace elements (zinc
,manganese, copper) in patientswith T2DM compared to healthy
individuals.

3. Significant differencesin the level of triglyceride in patients with
T2DM compared to healthy individuals.

4. Significant differences in the level of electrolytes (potassium,
cacium, sodium and magnesium) in patients with T2DM
compared to healthy individuals.

5. No significant differences were obtained between DM patient and

healthy individuals for each of (TC, LDL, HDL, Vitamin D, CK,
ALP, TSH, E1I, lithium, Fe).
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Recommendations:

1. Studying the relationship between calcitonin and variables
(gender, age, BMI, family history, geographical location,
medications taken, and nutritional supplements in the blood of
diabetic patients).

2. Studying the relationship between ALP and variables (age,
gender, family history of diabetes before and after taking the
medi cation).

3. Study of trace element levels (cobalt, nickel, lead, mercury).
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The questionnaire of the study

Name

Age(year)

Weight(Kg)

Length(m)

Duration of disease

Family history

Medication

o N O g1 &M W N P

Other disease
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