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Summary
Diabetes mellitus (DM) is agroup of metabolic disorders characterized by

hyperglycemia resulting from defect in insulin secretion, insulin resistance or

both. Two main forms of diabetes were identified; type 1 and type 2. The more
prevalent form, type 2 diabetes mellitus (T2DM), accounts for more than 90% of
cases (T2DM) which usually begins as insulin resistance, a disturbance in which
the cells do not utilize insulin properly or shortage in insulin secretion from the
pancreas cells. This study aimed to find the relationship between Leucine Rich
Alpha-2 Glycoprotein 1 (LRG1) and Insulin Like Growth Factor Binding Protein
7 (IGFBP7) with occurrence and development of T2DM.The current study is a case
control study included (90) individuals aged between (20-70) year where conducted
on (60) of patients group with Type2 diabetes mellitus from Imam hassan center for
endocrinology and diabetes in Holy kerbala governorate and also on (30) of control
group (apparently health) during the period from (November-2024) to (march-2025)
and collected fasted blood samples for all participants in this the study. Took
medical history of all participants and measured blood pressure, body mass index ,
Fasting blood Sugar, Glycated hemoglobin, insulin and lipid profile in addition to
measuring Leucine Rich Alpha 2 Glycoproteinl (LRG1) by (competitive immune
assay technique) by using Enzyme Liked Immuno Sorbent assay (ELISA) device

and Insulin like Growth Factor Binding Protein 7 (IGFBP7) was measured by



(sandwich immune assay technique) by using Enzyme Linked immuno Sorbent
assay (ELISA) device. The current study showed increased levels of fasting blood
sugar, glycated hemoglobin in patients group more than control group while insulin
values were lower compared to control group that was within normal level.
The present study showed increased levels of (cholesterol), triglyceride, low
density lipoprotein and very low density lipoprotein in patient group more than
control group. While high density lipoprotein levels increased in control group
more than patients group. In the present study observed that Leucine Rich
Alpha 2 Glycoproteinl (LRG1) and Insulin like Growth Factor Binding
Protein 7 (IGFBP7) levels are raised in patients group more than control
Group with p value (<0.001) and then it was concluded that both biomarkers
Leucine Rich Alpha 2 Glycoproteinl (LRG1) and Insulin like Growth
Factor Binding Protein 7 (IGFBP7) are predictive and risk factors for

development of Type 2 diabetes mellitus (T2DM).
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Chapter One Introduction and Literature Review

1.Introduction

1.1.Diabetes Mellitus (DM)

Diabetes mellitus is a group of metabolic disorders characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or
both. Two main forms of diabetes were identified; type 1 and type 2.
shortage of or severe decreasing in insulin secretion due to autoimmune or
vital destructions of cells is responsible for type 1 diabetes mellitus (T1DM)
which accounts for 5-10% of diabetic patients. The more prevalent form,
type 2 diabetes mellitus (T2DM), accounts for more than 90% of cases
[Olefsky et al .,2021] T2DM usually begins as insulin resistance, a
disturbance in which the cells do not utilize insulin properly. As the need
for insulin elevation, the pancreas gradually loses its ability to produce it
[Cohen et al ., 2019].

In the human body, the liver is the major site of gluconeogenesis. Excess

gluconeogenesis in the liver of patients with T2DM is considered a main
contributor to hyperglycemia and subsequent diabetic organ damage.
Insulin is a key hormone that inhibits gluconeogenesis, and insulin
resistance is a hallmark of T2DM. Understanding the regulation of
gluconeogenesis and the role of insulin signaling in this pathway is
important to developing new remedies for T2DM [Hatting et al .,
2023].Genetic factors and lifestyle play a critical role in the development
of T2DM [Vazquez et al ., 2015]. Currently the episode of T2DM has
reached epidemic levels in Asia .Despite knowledge of the critical role of
genetic factors; these have not been confederated into the clinical
appraisement of T2DM risk [Ahmed et al ., 2016].
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1.1.1. Definition:

The word, diabetes comes from the excessive amount of urination in
the disturbance and mellitus refers to the diabetic person's carbohydrates
In the urine, in Latin meaning 'sweetened by honey' or sugar cane urine
[Ritz E etal ., 2018]. T2DM contributed to 14.5% of all human deaths,
of which half happen in people less than 60 years old [Cho et al ., 2017].
Generally, the type 2 diabetes mellitus (T2DM) may be combination

between genetics and environmental factors [Kasper DL et al ., 2015].
1.1.2. Classification of Diabetes

There are different types of DM, triggered by genetic or environmental

considerations and by decisions regarding lifestyles.
1.1.2.1. Type 1 Diabetes Mellitus (T1DM)

Is a recurrent case of young adulthood that is one of the most
common. It is caused by pancreatic B-cell autoimmune damage and
includes daily observation of blood glucose levels (BGLSs) and lifetime need
for administration exogenous insulin [mirazi et al ., 2015 & puchulu et
al ., 2018]. Both sexes are similarly affected in infancy, but males are most
greatly affected in early adult life [STEDMAN et al ., 2020]. Patients with
type 1 diabetes mellitus, with polyuria, polydipsia, polyphagia (excessive
hunger) and loss of weight, lethargy, vision loss and ketoacidosis remain
dependent on lifelong insulin supplementation lifelong [Livingstone SJ et
al.,2015 & Jakobsen et al.,2018].
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1.1.2.2 Type 2 Diabetes Mellitus (T2DM)

Is the most common type, which accounts for about 85% to 95% of all
diabetes cases [Li Y et al.,2015]. Mostly, T2DM occur after the age of 40
year [BURTIS et al ., 2021]. The decrease in islet secretive activity may
be followed by the reduction in the peripheral insulin tolerance and
substitutionary hyper secretion [Forbes et al ., 2023]. Skeletal muscle, liver
and adipose tissue are the tissues most preeminently demonstrate less
insulin sensitivity because of the specific needs of glucose and metabolism
at these locations [Forbes et al ., 2023].. These people do not need insulin
therapy to survive, at least initially, and sometimes during their lives
[Association AD ., 2018]. Patients of T2DM are at 2-4 times more likely
than the general population to suffer mortality and cardiovascular events
[Rawshani et al ., 2017]. Food is a very significant element in regulating

T2DM. Recent researches have demonstrated that.

DM can be managed without need for hypoglycemic treatment by diet and
physical activity [Astrup et al ., 2017]. Also, shown the different in the
table (1.1) [ORAM et al ., 2016].

1.1.2.3. Gestational Diabetes Mellitus (GDM)

It is classified as various levels of glucose intolerance first found during
pregnancy, affecting 4 to 18 % of pregnant women with different diagnostic
and ethnic parameters [puchulu et al ., 2018 & simmons et al .,2015].
The GDM pathophysiological pathway is similitude to T2DM due to insulin
resistance, oxidizing stress and systemic inflammation, diagnosed during
the second or third trimester of pregnancy that is not clearly overt diabetes
[Allalou et al ., 2016 & Azad et al ., 2017].
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1.1.2.4. Other Specific Types of Diabetes Mellitus

A-Monogenic Diabetes syndrome
B-Exocrine pancrease of Diabetes
It is included pancreatitis, cushing ‘s syndrome, haemochromatosis and

drugs induced of diabetes [Solis-Herrera et al ., 2018].

Table (1.1) Differentiate between Type 2 DM and Type 1 DM

[ORAM et al ., 2016].

Clinical features Type | Type 2

Age of onset Most 25 but can occur at any Usually 30 years

age (not before 6 month)

Weight Usually thin 90% overweight
Islet autoantibody Usually presents Absent
C-peptide Undetectable low Normal/high
Insulin production Absent Present
First line treatment Insulin Non-insulin —

antihyperglycemic agent

Family history of Infrequent (5%-10%) frequent (75-90%)
DM
DKA Common Rare

* DKA diabetic ketoacidosis
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1.1.3. Type 2 Diabetes Mellitus

Is the most common type, which accounts for about 85% to 95% of
all diabetes cases [Li Y etal ., 2015]. Mostly, T2DM occur after the age of
40 year [BURTIS et al ., 2021]. The decrease in islet secretive activity
may be followed by the reduction in the peripheral insulin tolerance and
substitutionary hyper secretion [Forbes et al ., 2023]. Skeletal muscle, liver
and adipose tissue are the tissues most preeminently demonstrate less
insulin sensitivity because of the specific needs of glucose and metabolism

at these locations [Forbes et al ., 2023].
1.1.3.1. Epidemiology

Type 2 diabetes mellitus is one of the most prevalent chronic diseases
[Goldman et al ., 2016]. Accumulated studies proved that the incidence of
T2DM is forecasted to rise over the next two decades, especially among
those aged 45 to 64 [Prakash et al ., 2019 & GUJRAL et al ., 2021].
Nearly 463 million people in the world suffer with diabetes according to
International Diabetes Federation in 2020 shown in Figure (1.1) [IDF,
2020].

In Irag three million residents, or 13.4 % of the total population, were
expected to be affected [Ali NSM et al ., 2024]. In 2024 (2,669,400) cases
diabetes were registered in Iraq, 425 million people have diabetes in
the world and more than 39 million people in Middle East and North
Africa (MENA) region; by 2045 this will raise to 67 million, Irag is among
the 19 countries and territories of the MENA region of International
Diabetes Federation ( IDF) [IDF, 2017].
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Figure (1.1) Prevalence of Impaired Glucose Tolerance in Adults
(20-79 years) in 2019, Acclimatized from International Diabetes
Federation [IDF,2020].

1.1.4. Risk, Factors of Type 2 Diabetes Mellitus

1.1.4.1. Obesity

Obesity is the most important cause in predisposition to T2DM in
particular, genetic predisposition. Several studies have shown that mild
grade of chronic inflammation is an important factor in DM and obesity
[Kwon et al .,2021, Shield et al ., 2015 & Saltiel et al .,2017]. Obesity
patients a diposites contain large amounts of pro-inflammatory cytokines
such as interleukin 6 and interleukin 1 beta [Vielma et al .,2023 &

Basantaet al ., 2016]. In 2014 the total rate of overweight and obesity was
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52%, while the estimated incidence was nearly 90% [WHO, obesity &

overweight,2017]. 5 - 10 % weight loss is linked to major health effects,
including improved lipid parameters, glycemic regulation and blood
pressure [BRAY et al.,2022].

1.1.4.1.1. Body Mass Index (BMI)
Definition:

Body mass index (BMI), defined as weight divided by height squared,
is the most commonly utilized measure of adiposity, with individuals
exceeding a certain BMI threshold classed as obese , BMI, such as obesity
s positively jointed with metabolic abnormalities, many common

diseases and all-cause mortality [Young et al ., 2016].

The (BMI) is the metric presently in utilize for defining anthropometric
weight/height characteristics in adults and for classifying (categorizing)
them into groups [Nuttall et al ., 2015].

Diabetes and high (BMI), defined as a BMI greater than or equal to 25
kg/m?, are leading causes of mortality and morbidity global, high BMI is

an important risk factor for diabetes [Pearson et al ., 2018].

Baseline BMI, calculated as the weight in kilograms divided by the
square of the height in meters, was classified at baseline into six categories
according to the World Health Organization classification: underweight
(<18.5), normal weight (>18.5 to <25), overweight (>25 to <30), and
obesity grade 1 (=30 to <35), grade 2 (=35 to <40), and grade 3 (>40 kg/m2)
[Mohammedi et al ., 2018].
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1.1.4.2. Age

T2DM is expected to affect 10% to 15% of the population over the
age of 65 years, and 20% of the population the ages of 65 -80 years
[Nanayakkara et al ., 2018] or more than eight times greater than the
frequency among those aged 18 - 44 years (2.4 % prevalence) [Diaz Ana
et al ., 2019]. This appears to have occurred because aging causes an
increase in FBS of (1 to 2 mg/dl) per year. These alterations would be linked
to changes in insulin sensitivity in peripheral or alterations in pancreatic

islet function [Huang et al ., 2018].

1.1.4.3. Nutrition and Physical Activity

The American Diabetes Association advises strict glycemic control as
an effective method to avoid microvascular complications of T2DM by
adjustment of drug and lifestyle [ADA,2017] Obesity and T2DM advances
are linked with low physical activity and poor eating patterns. The use of a
friendly, diet and regular physical exercise are necessary not only to
averted and therapy DM, but, also for physical and mental health

maintenance [khemayanto et al ., 2023].

1.1.4.4. Hypertension

Diabetic and hypertensive cohabitation affects clinical results in
both  microvascular and macrovascular illness.  Hypertension
pathophysiology for diabetes includes maladaptive alterations and
complicated interactions between the autonomous neuronal system and
mechanical forces [Frimponig et al ., 2020]. The main causes for
atherosclerosis and T2DM are hypertension, involving heart attacks and
strokes. DM and high blood pressure overlap significantly, suggesting a

8
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considerable interpenetration in their etiology and disease processes
[Cheung et al ., 2016].

1.1.4.5. Genetic Factor

It has also been shown that T2DM has a clear genetic base. In
monozygous twins, T2DM concordance is around 70 % to 20-30% in
dizygous twins [Kaperio et al ., 2022]. In research, they appeared that
first grade family history is linked with risks for future T2DM
[Lyssenko et al ., 2021].

The interplay of environmental considerations with a high inherited
component outcomes in ( T2DM). Examine the heritability of T2DM
and the history of genomic and genetic research in this field. The
introduction of genome-wide association analyses has resulted in the
discovery of many genes. Several of them were previously unknown to
have any function in T2DM [Ali etal ., 2021] as exhibited in figure
(1-2) the relationship between genetics, epigenetics and environment
[Hu et al ., 2018] as in the following figure (1-2).



Chapter One Introduction and Literature Review

Genetics Epigenetics
Heritable g
Genetic variants epigenetics . LTI methyla'tfon .
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- MicroRNAs

Metastable
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interactions derived epigenetics
Obesity
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U

Type 2 diabetes

Figure (1-2) Roles of Genetics, Epigenetics and The Environment

of T2DM [Hu et al ., 2018].

1.1.4.6. Smoking

The high levels of nicotine from smoking cigarettes can make the
cells in the body less responsive to insulin which makes the blood sugar
levels higher people with diabetes mellitus type 2 which are exposed to
high amounts of nicotine may need to regulate their blood sugar levels

[US. Department of Health and Human services ,2021].
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1.1.4.7. Ethnicity

Ethnicity is associated with incidence of (type 2) diabetes mellitus
because it lead to increased in fats and decreased in body mass index
(BMI) for the patients and this is lead to excess of blood glucose levels
in the human body [ADA,2022].

1.1.5. Insulin Resistance

Insulin resistance (IR) is biologically impaired reaction to target
tissue, particularly in liver, adipose tissue, and skeletal muscle, has lower
sensitivity to insulin and thus glucose tolerance [Deacon et al ., 2019&
Seong et al ., 2019]. This has important outcomes for patients because they
cannot obtain the energy they need from glucose to maintain cell
metabolism processes. IR is of global interest because many chronic
disturbances like T2DM, obesity , Cardiovascular disease and hepatic
cirrhosis [Hoglund et al ., 2017]. Although any insulin impairment on

target tissues may be classified as IR, in clinical practice, the latter.

usually decreased insulin activity on glucose metabolism [Williams et al.,
2016 ]. Excessive insulin resistance is a common cause of T2DM, where
body cells do not respond suitably to insulin [Boucher et al .,2022]. The
major insulin is a reduction in the number of receptors and their catalytic
function due to many factors, involving mutations, modifications or
translations in the insulin receptor and a deminish in the amount of
metabolic rate [Olivares et al ., 2023]. Even so, insulin resistance does
not happen in all obese individuals and even in non-obese populations,
the genetic history is highly responsible for insulin resistance [Graham
Timothy et al ., 2021].
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1.1.5.1. Determination of Insulin Resistance

The appraisement of insulin resistance may be directed by the
Homeostatic model assessment (HOMA). In 1985, David Matthews et al.
publicized the model, where they presented it [Nakell et al ., 2022]. The
HOMA model was mathematically derive by Searching for the
relationship between FBS and Fasting insulin [International congress of
nutrition,2016]. These association can be utilized to measure beta-cells
activity and insulin resistance [Wikstrom et al ., 2021].The following

formula are.
used:
HOMA-IR = (fasting blood insulin x fasting blood glucose)/405

= Kg/m? [Mathews David et al ., 2017].
1.1.6. Relationship between Inflammation and T2DM

The inflammation plays essential role in the development of insulin
resistance and development T2DM [Khan steeven et al ., 2018] and
[Green field et al .,2022]. Several evidences have displayed that
cytokines involving IL-1p IL-6, TNFo IFN-y play arole in pathogenesis
of T2DM [Wang et al ., 2016, Mirza et al .,2019 & Moradi N et al
.,2021]. Different genetic and environmental factors have a significant
role in the raised glucose. Obesity is consider as one of the most important
stimulator of low-grade inflammation for long time that lead to insulin

resistance [Esser etal ., 2020].
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1.1.7. Obesity and Diabetes Mellitus

Obesity is a complex and multifactorial disease resulting from the
interactions among genetics, metabolic, behavioral, sociocultural and

environmental factors [Goni et al ., 2018].

Obesity and (T2DM) are the leading worldwide risk factors for
mortality. The complicatedly interrelated pathological progression from
increased weight gain, obesity, and hyperglycemia to T2DM, usually
commencing from obesity, typically originates from overconsumption of

sugar and high-fat diets [Hossain et al ., 2015].

Obesity may precede the onset of (T2DM) and is linked with an excess
risk of developing T2DM. Furthermore, obesity has been associated to
metabolic dysfunction and may further exacerbate T2DM -—related
metabolic abnormalities. Obesity-linked metabolic dysfunction is also

independently related with brain alterations [Yoon et al ., 2017].

Obesity and T2DM are also independent risk factors for several
disturbances, including arterial hypertension, dyslipidemia, and macro

angiopathy.

1.1.8. The pathological Relationship between Aging, Obesity
and T2DM.

T2DM is characterized by hyperglycaemia, which results from a
progressive deterioration of insulin secretory B-cell function, usually
associated with varying degrees of insulin resistance. These two key
pathogenetic mechanism are usually accompanied by other

glucoregulatory disturbances such as unsuitable hyperglucagonaemia
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and an inhibited incretin response Figure (1-3) [ADA,2021& Defronzo

et al ., 2022]. Insulin resistance alone is rarely sufficient to trigger the

development of T2DM as the pancreas can primarily compensate by
propbably  excess insulin  secretion.  However, long-term
hyperinsulinaemia incurs a stress on [3-cells that obstruct the acute (first
phase) insulin secretoryresponseto a glycaemic catalyst and eventually
inhibitingthe later (second phase) insulin response
[ADA,2021&Defronzo et al ., 2022]. Hence, insufficient insulin secretion
Is an essential pathogenetic component for most patients with T2DM
[ADA, 2021& Defronzo etal ., 2022].

Ageing contributes to the pathogenesis of T2DM both directly through
the reduced B-cell function that accentuates the shortage of insulin
secretion and indirectly by excess insulin resistance through obesity and
other risk factors Figure (1-3) [Leeetal ., 2017& Egan et al ., 2018].
For example, B-cell senescence and reduced B-cell sensitivity to glucose

during ageing excess susceptibility to T2DM .

Through inadequate compensation for insulin resistance [Chang et al
.,2016 & Li et al ., 2019] .The detrimental effects of ageing on cellular
pathways of insulin action and glucose metabolism are modest when age-
linked changes in body composition are considered [Ferrannini et al .,
2017& Karakelides et al ., 2018]. For example,the effects of ageing that
lead to increased insulin resistance are initially related with the increase
adiposity and reduced muscle mass and function (sarcopenia) that are
common in older adults, which can be worsened by a sedentary life style
Figure (1-3)[Chiaetal ., 2018, Amati et al .,2016 & Shou et al .,2020 ].

Increased adiposity in older adults usually involved an absolute or relative
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excess in visceral adipose tissue depots compared with subcutaneous
adipose tissue, which is often decreased [Buffa et al .,2021& Kyrou et al
,2023].

Moreover, ageing is related with ectopic deposition of lipids in the liver as
well as with intracellular lipids and extra adipose tissue in cardiac and
skeletal muscles [ Kyrou et al ., 2023 & Al-sofiani et al ., 2019]. These
changes further increase the risk of insulin resistance, with intramuscular
adipose tissue being a key factor contributing to insulin resistance in lean
older people [ Shou et al ., 2019 & Alsofiani et al ., 2019].

As well as, unfavourable age-linked changes in body composition can be
exacerbated by physical inactivity and poor dietary habits as well as by the
effects of comorbidities and their medication [Tsia et al ., 2015 & Conn
et al ., 2016] increased visceral and ectopic (intramuscular and hepatic).
Adiposity reduces insulin sensitivity by producing the a dipokines and
cytokines that distrupt the pathways of necrosis factor, and low-grade
inflammatory factors such as C-reactive protein [ Peterson et al ., 2021].

Furthermore, both ageing and obesity are related with the excess

Production of pro-inflammatory cytokines From adipose tissue [Mancuso
et al ., 2019]. As well as, both ageing and obesity are linked with an
increased population of Macrophages within adipose tissue with an

increased population of Macrophages within adipose tissue.

A reduced number of regulatory T cells and a decreased self-renewal
of Mesenchymal progenitor stem cells, thereby promoting Metabolic
dysregulation and inflammation [Martyniak et al ., 2018]. Impeded

nutrient metabolism and an age-linked decrease in mitochondrial function
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also related ageing and insulin resistance, although the mechanistic details
remain to be elucidate [Lee etal ., 2017, Petersonetal ., 2021 & Peterson
etal ., 2023].

Age-related blunting of insulin-mediated glucose Uptake is associated
with the progressive deterioration of the structure and function of
skeletal muscles. Specific age-linked changes include a decreased skeletal

muscle mass with smaller and fewer type Il fibres.

In addition a reduced density of capillaries in skeletal muscle [ Greon
et al ., 2016 & Ahima et al ., 2018] Underlying mechanisms involded
mitochondrial  dysfunction, reduced low-grade inflammation,
intramyocellular lipid accumulation and oxidative stress as well As the
accumulation of senescent cells and shortage in autophagic capacity and
enzymatic activity [Shou et al ., 2020, Crescioli et al .,2020 & Jiao et al
.,2017]. During skeletal muscle ageing, pro-inflammatory pathways
become activated. Furthermore, the number of Mitochondria is decreased
and their oxidative capacity is reduced due to the decrease activity of
antioxidant enzymes, which leads to the intracellular accumulation of
reactive oxygen species and excess levels of oxidative stress in skeletal
muscle.[ Shou et al ., 2020 & Crescioli et al ., 2020] . Although the
complete spectrum of the underlying mechanisms has not been fully
elucidated, all of the processes that characterize skeletal muscle ageing
induce insulin resistance and, accordingly, excess the risk of T2DM [Shou
etal ., 2020& Crescioli et al ., 2020].

Evidence suggests that a relationship finds between ageing and T2DM
at a biological level a number of studies in humans have demonstrated

that both diabetes mellitus and ageing shorten telomere length [Wang et
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al ., 2016] Figure (1-3). And that T2DM induces premature cellular

senescence. [Burton etal .,2018]. However, the nature of this relationship

requires further study to understand if the biological processes included in
ageing drive T2DM pathology or if diabetes excess the rate of biological
ageing. Ageing can indirectly increase insulin resistance and precipitate
T2DM through several comorbidities that are predominant among older
adults, notably vascular diseases, chronic stress and poor psychological
health [Leeetal ., 2017, Tsai and Lee et al ., 2015& Kyrou et al ., 2023]
those who have some comorbidities and mild disabilities. Finally, the third
group involved those who have a high number of comorbidities and/or dis
abilities and a shorter life expectancy (for example, <5 years) [ Munshi
et al ., 2020]. These factors can modify the disease process contrast to
that in younger adults and therefore affect the management of both T2DM
an any comorbidities [ Godino et al ., 2017]. Several common clinical
aspects are considered here, namely the specific care needs relating to
frailty and sarcopenia, multimorbidity, and the susceptibility to

hypoglycaemia as in the following figure (1-3).
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Figure (1.3) Pathophysiological Links between Ageing, Obesity and
T2DM [ADA, 2021].

Type 2 diabetes mellitus (T2DM) with overt chronic hyperglycaemia
typically represents the result of an imbalance between excess insulin

resistance and the deterioration of insulin secretory function[Sinclair et al
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.,2023] a combination of potential contributing factors due to both ageing
and obesity can directly lead to this imbalance, which results in the
development and progressive worsening of T2DM. as well as, obesity-
linked factors and hyperglycaemia can also contribute to premature or
accelerated biological ageing [center for disease control,2020]
Furthermore, ageing via cellular senescence and dysfunction in various
organs or tissues (for example, adipose tissue, skeletal muscles and
pancreas) might heighten and/or accelerate the pathophysiological
outcome of excess adiposity, particularly of ectopic adiposity and central
obesity [Cruz et al ., 2022]. Excess insulin resistance and the activation
of pro inflammatory pathways in both adipose tissue and skeletal
muscles, skeletal muscle loss (sarcopenia) and dysfunction (for example,
mitochondrial dysfunction, accumulation of reactive oxygen species and
increased oxidative stress levels in skeletal muscles), and pancreatic f-
cell dysfunction (for example, decreased insulin secretion due to
glucotoxicity, lipotoxicity and/or B-cell senescence) are key parameters
in the pathophysiology of this vicious cycle . As T2DM  progresses
overtime, an increasing disease burden in older adults from chronic
hyperglycaemia, macrovascular and/or microvascular complications, and
co-morbidity can further promote the adverse effects of the risk factors

associated to ageing and/or obesity[Rodriguez et al ., 2024].
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1.1.9. Complications of T2DM

1.1.9.1. Acute Complications
1-Diabetic Ketoacidosis:

It is a grave condition which can progress to diabetic shock or even
death If the glucose does not get to inside the cells, it starts burning fat
for energy production generating ketones. The body can be intoxicated
by increased amounts of ketones leading to develop of DKA. Each
T2DM patient may development DKA but its less common in T2DM
[Umpierrez et al ., 2016].

2- Hyperosmolar Hyperglycemic State (HHS)

In patients with diagnostic parameters of glucose levels >600 mg/dI
and raised plasma osmolality >320 mosm/kg, without ketoacidosis, acute
hyperglycemic hyperosmolar status is considered [umpierrez et al
.,2016]. The prevalence of HHS in patients with diabetes is estimated
at <1% of their hospitalizations and thisis 10-20 % mortality [steenkamp
etal ., 2022].

3-Hypoglycemia

This is probably the most common cause of coma seen in diabetic
patients. Hypoglycemia is most commonly caused by accident over a
dminstration of insulin or sulphonyureas or meglitinides. Precipitating
causes .include too high adose of insulin or hypoglycemic drug conversely
the patient may have lost ameal or taken excessive exercise after the
usual a dose of insulin or oral hypoglycemic drugs[Haghnazari et al .,
2021].
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1.1.9.2 .Chronic Complications
1.1.9.2.1. Microvascular Complications
1-Diabetic Retinopathy (DR)

This microvascular complication is common with DM, which is really
the main cause of blindness and vision disability .The worldwide prevalence
of DR is measured at nearly 93 million [Yau et al ., 2016 &WHO/diabetic-
retinopathy, 2020]. This complication , can be determined after five years
of occurring by diabetes, and after 20, years of diabetes roughly all cases
show different stages of retinopathy [Solomon et al.,2017]. The main risk
factors , for DR (rise in DM duration, the control blood glucose is
ineffective, ineffective control of blood pressure and BMI)[Thomasetal .,
2021].

2-Diabetic Nephropathy (DN)

Kidney damage done by chronic hyperglycemia, and is a substantial
complication of diabetes that affects up to 50% of patients [YANG et
al., 2017& Merjaaneh et al ., 2017]. Generally, DN has been one of the
world's leading causes of progressive kidney disease, and one of the
main complications of morbidity and fatality among patients with T2DM
[Singh et al ., 2022].

Several of the biological processes at molecular level, such glomerular
cell death , metabolic replenishment, and interstitial fibrosis, are
affected by the elevation glucose [Gillbert et al ., 2019]. This kidney
damage is reversible mostly during preliminary stage but becomes
irreversible when a reverse nephropathy progresses to final diseases
[Nielson et al.,2023, Ye et al ., 2021&Callaghan et al ., 2020].

21



Chapter One Introduction and Literature Review

3-Diabetic Neuropathy

In people with type 1 diabetes, glycemic management is effective in
averting neuropathy, but not in people with T2DM. It is the presence of
peripheral nerve disease symptoms, and/or signs in diabetic patients with
the exception of other factors [Boulton et al.,2016 & Papanas et al ., 2015].
Some of studies showed that in hospitalized diabetic patients , the worldwide
published of diabetes neuropathy stands at approximately 30% and in
community diabetic disturbances 20 to 30% [Chatterjee et al.,2015 &
WHO/CVD, 2021].

4-Diabetic Angiopathy

This defect involves damadge to the cells in the blood vessels
caused by high levels of glucose. this usually presents as diabetic
retinopathy or diabetic nephropathy damadge to the eyes or kidneys.
[Lugk etal ., 2017].

1.1.9.2.2. Macrovascular complications
1- Cardiovascular Disease (CVD)

The name of CVD is used to describe for determination of
cardiovascular diseases and vessel disturbances, involving coronary
heart, disease (heart, attack) and Hypertension (high pressure of blood)
[Yahagi et al.,2017&WHO/CVD,2021]. Diabetes can cause heart disease
by many possible pathophysiological pathways particularly in  T2DM
patients. Generally, CVD incidence may be risen in association with
hypertension and dyslipidemias [Fowkes et al.,2022]. Accumulation of

these multiple effects contributes decreased cellular function,pro-
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inflammatory reaction amplification, endothelial cell apoptosis and

general cardiovascular dysfunction [Moxon et al.,2015].
2-Peripheral Artery Vascular Disease (PAD)

It is a vast term that includes a wide range of a therosclerotic and
aneurysmal diseases in the extra-coronary circulation [Heart disease and
stroke statistics , 2019 & Jude et al.,2023]. Decreased blood flow,
narrower artery and plaque formation are the major differences between a
normal arterial and an atherosclerotic artery [Kohan Aimee et al.,2023].
The frequency of PAD in people with diabetes is 20-30 % compared to 45
% after 20 years the diagnosis of DM [Akalu et al.,2020].
Cerebrovascular disease in the form of stroke or transient ischemic attacks
[Rojas et al.,2022].

1.1.10. Diagnostic Tests for Diabetes Mellitus

Diabetes mellitus is diagnosis according to the following criteria.
According to World Health Organization (WHQO) recommendation by
utilizing this testing fasting blood sugar(FBS) and HbAlc are more
easiness and potent simpler and method for diagnoses T2DM and pre-

diabetes.
1-Fasting Blood Sugar (FBS)

It is a test measures sugar (glucose) in the blood . It a simple, safe and
common way to diagnose prediabetes ,diabetes ,gestational diabetes.
and non diabetes. A healthcare provider will prick afinger or use
a needle to draw blood from avein in the arm of the body .we should

not eat or drink anything (except water) which can be between (8-12)
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hours before the test (FBS)>7.0 Mm /r 126m /dl. As displayed in Table
(1.3) [ Ding et al.,2017].

2-Glycated Hemoglobin (HbA1c%)

The Hemoglobin is the red blood cell protein that transport oxygen
from lungs to the tissues and the main component of red blood cell life of
red blood cell averages some 120 days. Glycated hemoglobin can be
utilized as an indication of the average glucose level over the previous
one or two months, molecule of hemoglobin is made up of 4 protein chains
2 alpha and 2 beta chains glucose will react and bound to certain positively
charged chemical group on the hemoglobin these are located at the start
(N-terminal end) of each the alpha and beta chains and on some amino acid
side chains within the protein. Glucose reacts with the e-amino group of
lysine amino acid. [Owen, 2022]. The glycation process is irreversible the
accumulation of HbAlc within red cell reflects the average glucose
concentration over the 3 months. The life of a red cell the main effect on
the HbAlc % level is weighted to the most recent 2-4 weeks, and in
pregnancy HbA1c% are lower due to the physiological changes therefore
diagnosis of gestational diabetes will continue to be done by the OGTT
and HbAlc % testing is not suitable [Kanowski et al.,2021]. And the
elevation of 1% in HbA1c% corresponds to approximate average excess
of 36 mg /dl in blood glucose . HbA1c% test is recommended for
monitoring blood sugar control in diabetic patients. generally this test is
used to diagnose prediabetes , diabetes, gestational diabetes and non
diabetes. [Ahmed et al.,2023 & Diagnosis and classification of diabetes
mellitus,2022].
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3-Oral Glucose Tolerance Test (OGTT)

Defined as atest of the body's ability to metabolize glucose that
includes the administration of a measured dose of glucose to the
fasting state and the delimitation of glucose levels in the blood and
urine at measured intervals thereafter and that is utilized specially
to detect diabetes mellitus .generally this test is used to diagnose
prediabetes ,diabetes, gestational diabetes and non diabetes. [Khan HA
et al.,2018 , Defronzo ralf Aetal ., 2023 & Soni HP et al ., 2021].

Table (1.2): - Measures for Diagnosis of Diabetes.

[Soni HP et al.,2021].

Normal Gf [0 (<)
[mpaired fasting glucose ~—~ 3.704  (100-123) ~~ (140-199)
Impaired glucosetoleranee 3764 (I2100) (14199
Diabetes mellfus 05 (1) (2200)

*HBAIC: - hemoglobin AIC, FBS: - fating blood sugar, GTT: - Glucose tolerance test
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4-Fasting Insulin Test (FIT)

It isatest that calculates amount of insulin in the blood sample. This
test take after fasting which can be between (8-12) hours and also used to
diagnose prediabetes, diabetes, gestational diabetes and non diabetes
which acts side by side with another tests such as (FBS),(HbA1C%) and
(OGTT). Insulin is a polypeptides consist of 51 amino acids and
comprised of Chain A (21 aa) and Chain B (30 aa) [Seong et al .,2019].
It is synthesized by pancreatic beta cell as a single chain of 110 amino
acids known as preproinsulin, Preproinsulin drops the amino terminal-end
signal peptide which results in proteolytic enzymes cause constituting
proinsulin. The result of a splitting of a fragment of internal proinsulin
(C-peptide) leads to insulin is combined with two chains (a, ) linked
two by disulfide bridges and a single third intra-bridge of the alpha
chain, as displayed in Figure (1-4) [Joshi et al.,2017] . Half-life of
insulin is brief (4 to 6 min) [Steiner et al.,2018] . Insulin enters the target
cell, it connects a receptor upon on surface of cells with intrinsic
tyrosine kinase activity. It the a-subunit which cause phosphorylation of
insulin receptor contributes to protein activation in different ways
[Salltiel et al.,2021 & Kohn Aimee et al.,2023].

Figure (1-4) Structure of Insulin [Berbudi et al,2020]
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Figure (1.5): Schematic of The Insulin Signalling Pathway and

Insulin Resistance [Carmichael et al.,2019].

The insulin receptor is a receptor tyrosine kinase, which undergoes
dimerization and autophosphorylation on insulin binding. The
phosphorylated receptor conscript and phosphorylate the insulin receptor
substrate 1 (IRS-1) on tyrosine residues, which then conscript dimeric PI3
kinase via SH2 domains on the p85 subunit. PI3 kinase catalyses the
phosphorylation of phosphatidylinositol bisphosphate (PIP2) at the
plasma membrane to PIP3 (reversed by PTEN)[Doody et al.,2021] which
then recruits PIP3-dependent kinas (PDK) and Akt, allowing PDK to
phosphorylate and activate Akt. Activated Akt phosphorylates and
inactivates the Rab10 GAP, AS160, allowing fixed Rabl10 activation
which plays a critical role in trafficking of GLUT4 storage

vesicles(GSVs)to the plasma membrane and surface expression of
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GLUT4. High levels of “free fatty acids lead to an accumulation of lipid
derived second messengers,e.g. diacyglycerol and ceramide which can

inhibit the pathway at several different phases [Carmichael et al.,2019].

1.2. Biomarkers

1.2.1. Leucine Rich Alpha-2 Glycoproteinl(LRG1)

LRG1 was first isolated from human serum in 1977 [Haupt et al.,2017]
and its amino acid sequence was determined in 1985[Takahashi et al.,2018]
of the family of leucine-rich repeat (LRR). This protein found in many organ
cells such as kidney, heart, retina and lung, when glucose levels rise in these
organs. This lead to release of the protein from organ cells into the blood
[Ferreira.,2019 & Sharma.,2020]. LRGL1 is consist of a single polypeptide
chain of 312 amino acid residues and contains 8 LRRs. LRRs are protein—
ligand interaction motifs, Each LRR consists of 19-29 amino acids,
comprising a well-conserved N terminal stretch of 9-12 amino acids, which is
rich in the hydrophobic amino acid leucine, and a C-terminal domain that
varies in length, sequence, and structure. Multiple repeats are typically
arranged together to form a horseshoe shaped solenoid protein domain with a
concave surface providing a platform for protein—protein interactions
[Jemmerson et al.,2021 & Javidet al.,2023]. The negatively charged leucine-
rich N-terminal stretches of the repeats form B-strands located towards the
inside of the horseshoe shaped domain [Dolan et al.,2022] and represent ideal
binding sites for cationic proteins such as TGFp [Jemmerson et al.,2022 &
Xavier et al., 2016] Although its crystal structure has not yet been reported,
LRG1 has been predicted to contain a leucine rich C-terminal domain (LRC)
connected to the LRRs by several loops [Wang et al.,2019]. LRG1 is a
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glycoprotein with a carbohydrate content of 23% [Kobe et al.,2021] and
predicted to contain 5 glycosylation sites [Kallenberg et al ., 2020] . Indeed,
several authors have shown that the exact molecular weight of LRGL1 varies
due to differences in glycosylation [Druhang et al.,2017& Kumagai et
al.,2016]. Deglycosylated LRG1 has a molecular weight of about 34-36 kDa,
whereas glycosylated LRG1 can reach up to 55-60 kDa. It has been shown that
neutrophil-derived LRG1 is glycosylated diferently from serum LRG1
[Druhangetal.,2017],LRGL1 is regulated in vivo, nor what impact differential
glycosylation patterns may have on function. However, LRG1 from serum
samples of pancreatic [Patwa et al.,2015] and colorectal cancer patients
[Shinozaki et al.,2023] shows aberrant glycosylation patterns with regards to
content of mannose, fructose and sialic acid suggesting that alterations in sugar
chains may influence LRG1 function in cancer. LRG1 is synthesized by
hepatocytes ,brown adipocyte and neutrophil [ODonnell et al .,2022]. LRG1
a circulating protein characterized by marked periodicity in leucine residues,
which enables its interaction with other proteins [Takahashi et al ., 2017],has
been identified as a modulator of the transforming growth factor-b (TGF-b)
signaling pathway [Wang et al.,2020] LRG1 binds directly to TGF-b
accessory receptor endo glinand enhances activation of downstream signaling
pathways, including smad1/5/8, which plays pivotal roles in cellular processes
such as fibrosis and angiogenesis [Wang et al.,2020 & Honda et al.,2019]. In
addition, LRG1 has been considered as a potential acute-phase protein because
it is regulated by mediators of acute-phase response, such as interleukin-6
[Shirai et al.,2018]. In clinical studies, plasma LRG1 has been associated with
pathogenesis of several diseases, including cancer [Zhong et al.,2019 &
Wang et al.,2015], inflammatory disease [Serada et al.,2022 & Serada et

al.,2023], chronic diseases ,obesity and neurodegenerative disease [Miyajima
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et al.,2021]. we found that the level of plasma LRG1 predicted progressive
kidney disease in individuals with type 2 diabetes, [Hong et al.,2019 & L.iujj
et al.,2017]. LRG1 is a protein that carries a negative charge, so it represents
an ideal binding site for the positively charged transforming growth factor beta
(TGFB), this binding results in a defect in function of (TGFB) which is
responsible for the growth, regulation and specialization of (B cells) of the
pancreas, which are responsible for insulin secretion. This leads to a
decrease in insulin secretion and an increase in blood glucose levels [Camilli
etal ., 2022].

1.2.2. Insulin Like Growth Factor Binding Protein7 (IGFBP7)

IGFBP7 is a member of structurally homologous protein family which
iIs same for insulin hormone where it is closely linked to insulin
hormone.[Chatterjee et al.,2018 & Tabaky et al.,2019] and causes decreased
insulin secretion and insulin resistance, which lead to increased aggravation of
type 2 diabetes, in addition to decreased oxygen consumption and ATP
production in the body [Wendt et al ., 2020, Sun et al ., 2023 & Rorsman et
al ., 2018]. IGFBP7 proteins are predominantly secreted by the liver and have
been studied as regulators of IGF-1 availability and for their potential
involvement in the development of metabolic disorders.[Kaushel et al.,2016
& Heald et al ., 2022] IGFBP7 stands apart from the other IGFBPs by
exhibiting higher binding affinity for insulin than for IGF-1 or IGF-2
[Yamanaka et al.,2017& Baxter et al.,2021] and IGFBP7 has been shown to
enhance the action of insulin at the insulin receptor in liver [Morgantini et
al.,2019] as well as interacting with the IGF-1 receptor. [Evdokimova et
al.,2023] Both IGF-1 and insulin receptor belong to the family of Receptor
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tyrosine kinase (RTK). [Demeyts et al.,2015]. Interestingly, upregulation of
the IGFBP7 gene has also been linked to b-cell maturation.[Balboa et
al.,2022] Insulin resistance is associated with increased circulating levels of
IGFBP7 in diabetic men [Lobez et al.,2016] and the IGFBP7 gene in whole
blood samples displays differential DNA-methylation in men recently
diagnosed with type 2 diabetes [Gu et al.,2015]. IGFBP7 together with tissue
metalloproteinase 2 (TIMP2) has been extensively studied as a putative
biomarker of kidney failure secondary to both diabetes and ischemia, In
addition to, it is associated with pathogenesis of several diseases, including
cancer , inflammatory disease, chronic diseases , obesity [Watanabe et
al.,2016 & Esmeijer et al.,2021] and heart failure [Zhang et al.,2022].
IGFBP7 gene expression was overall elevated in islets from donors with type
2 diabetes [Bascos et al.,2023] This was true in both female and male donors
although male donors had a higher IGFBP7 expression in general. However,
IGFBP7 expression was unrelated to glycemic levels [Hebacker et al.,2020]
as a correlation analysis between IGFBP7 and HbAlc in non-diabetic donors,
with glycemic levels within the normal range, showed no association. Donors
with type 2 diabetes were excluded from this analysis, as some of them were
PrescribedHbA1c-lowering therapies[Lu et al.,2017 & Zambelli et al .,2018].
Using a general linear model for assessing IGFBP7 and HbA1c correlation in
non-diabetic donors with adjustments for age, sex and BMI, IGFBP7 was still
not associated with HbAlc (p=0.424). Spearman correlation for age and
IGFBP7 in all donors showed no significant association [Edgar et al.,2021 &
Zhou et al.,2023]. Excess (IGFBP7) level have been found in the plasma of
(T2DM) patients and described as statistically significant predictors of type 2
diabetes mellitus (T2DM) due to elevated of (IGFBP7) gene in islets of the

pancreas for diabetic group more than control group as well as (IGFBP7)
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reduced of insulin secretion through impaired P21-Activated kinasel(PAK1)
function which participated in insulin secretion from pancreas cells. Serum
(IGFBP7) levels are increases with increasing of insulin resistance for
(T2DM) patients [Westholm et al ., 2024].

1.3. Knowledge Gap of the study

Currently, biomarkers with low sensitivity that indicate the risk of rapid
disease progression in individuals with type 2 diabetes mellitus (T2DM)
to evaluate the disease are expensive, time consuming as well as
sensitivity in the procedure pathway therefore, there is need to find a
new biomarkers to measure indicators that can evaluate of disease
progression such as (LRG1 and IGFBP7) which are considered in a
previous study that have relationship with (T2DM) [Wendit et al.,2020
& Ferreira et al.,2019]. In the present study we noticed possible use
biomarkers (LRG1 and IGFBP7) to predict of (T2DM) progression
because they are inexpensive, easy to measure and non sensitinve in

procedure pathway.
Aims of the study

1-To evaluate serum levels of LRG1 and IGFBP7 in T2DM patients

compared with healthy control.

2- To assess correlation between LRG1, IGFBP7 with diabetic parameters
(FBS, HbA1c, insulin and lipid profile).

3- To assess association strong between LRG1, IGFBP7 in T2DM patients.
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2. Patients, Material and Method
2.1. Study Design

The current study is a case-control study conducted on 90 Iraqi
participants for average age (20-70) years during the period between
(November-2024) to ( march-2025) , participants from (Imam hassan
center for endocrinology and diabetes) in (Holy kerbala governorate).
The practical part was, conducted at laboratories of department chemistry

and biochemistry at College of medicine , Kerbala University, Iraq.

A Case control study
N =90

Patient-group with Control-group
Without T2DM =30

T2DM =60 participants

participants

Figure (2-1) Study Design
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2.1.1. Study Groups

A- Patients Group

Current study was carried out on 60 patients (30 males and 30 females) of
average age (20-70) years with type 2 Diabetes and they were diagnosed
by Consultant physician, according to their clinical signs, symptoms and
laboratory tests (FBS, HbA1C).

B-Control Group

The control group included 30 volunteers (15males and 15 females)
of average age (20-70) years. The control group have neither
symptoms and nor signs of diabetes mellitus, so they were apparently
healthy. The control group is tested for (FBS, Hb A1C).

2.1.2. Inclusion and Exclusion Criteria

e Inclusion Criteria:
Patient group was selected with type 2 diabetes mellitus and then
selected control group after show normal results of (FBS and HbA1C).

e Exclusion Criteria:

Type 1 Diabetes Mellitus

Chronic Liver diseases

Chronic Renal diseases

Chronic Heart diseases

Chronic Joints diseases

Cancers

Obesity

N o gk~ D
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2.1.3. Collection of The Blood Samples

After a least 8 hours of fasting, blood was collected by the vein puncture
with plastic disposable syringes took up to 5SmL of venous blood from both
control and patient group. Two ml were added to EDTA tube for detection of
(HbA1C %) by (Latex turbidity technique), by using (Lifotronic H8) device
while the remaining (3 mL) of the blood, is distributed into, gel tube, which,
was then left at room temperature for 30 minutes, in order to initiate the,
clotting process. The sample was then centrifuged to separate the serum at
3,000 xg for (15) minutes. The serum were subdivided into aliquot for
Immediate glucose measurement by (Enzymatic colorimetric technique), by
using (Auto-analyzer) device, and stored the leftover serum aliquot (250 ul)
two Eppendorf tubes at (20 °c) until assayed concentrations for insulin by
(Electrochemiluminescence immunoassay technique),by using cobas device,
lipid profile by (Enzymetic colorimetric technique), by using (Auto-analyzer)
device, LRG1 by (Competitive immunoassay technique), by using (ELISA)
device and IGFBP7 by (Sandwich immunoassay technique), by using
(ELISA) device.

2.1.4. Ethical Considerations

The ethical approvals were obtained from the ethical committee team, the
college of medicine, the university of kerbala, and the kerbala Health
Directorate / kerbala-Irag by document number (3669) in (21/10/2024).
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2.2. Material

2.2.1. Diagnostic kits

Diagnostic kits were used in the current study are describe below as shown

in Table (2-1).

Table (2-1) Diagnostic Kits Used in The current Study

No | Kit-Diagnostic Company Country

1 Fasting glucose-Kit GIESSE Italy

2 HbAlc-Kit GIESSE Italy

3 Insulin-Kit Roche Germany

4 Total cholesterol-Kit GIESSE Italy

5 Triglyceride-Kit GIESSE Italy

6 HDL cholesterol-Kit GIESSE Italy

7 LDL cholesterol-Kit GIESSE Italy

8 LRG1-Kit Bio-assay China
Technology
laboratory

9 IGFBP7-Kit Bio-assay China
Technology

laboratory
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2.2.2. Instruments and Equipment

The instruments and equipment were used in the current study are described

below, as shown in Table (2.2).

Table (2-2) The instruments and Equipment Used in The current Study

No Instruments and Company country
equipment

1 Auto- analyzer (smart-120) | Geon-TEK Canada

2 ELISA-reader ELX800 USA

3 DEEP freezer COOLTECH USA

4 Centrifuge Kokusan Germany

5 Incubator UKA Germany

6 Shaker Taiwan Taiwan

7 Micropipettes Bioasic Canada

8 Filter paper Slamed Germany

9 Gloves DIRUI Germany

10 Syringe (5ml) Mhco China

11 Pipette DARWEKLL China

12 Eppendorf tubes Mhco China

13 EDTA-tubes Mhco China

14 GEL-tubes Mhco China

15 Cobas Roche Germany

16 Lifotronic H8 MEDI China
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2.3. Laboratory Methods
2.3.1. Measurement of Body Mass Index (BMI)

It is a calculation of the relationship between weight and height,
measuring the weight in kilograms divided by the height in meters square
(kg/m?), Weight was measured in kilogram using medical weight scale

supplied with the height in meter square to measure the body mass index
(BMI).

BMI = Weight in kilogram / (height in meters)?
Table (2-3) Classification of Body Mass Index (BMI)

[Hanson et al ., 2016]

BMI Weight status
Below 18.5 Underweight
18.5-24.9 Normal
25.0-299 Overweight

30.0 and above Obese

38



Chapter Two Patients, Material and Method

2.3.2. Measurement of Serum Glucose Concentration
Principle:

Glucose Oxidase(GOD) catalyses the oxidation of glucose to gluconic acid
.The formed hydrogen peroxide (H202),it is detected by a chromogenic

oxygen acceptor ,phenol-aminophenazone in the presence peroxidase(POD):

R-D-Glucose + O2 +H20 —p Gluconic acid +H20>

H>O2+Phenol + AmMIinophenozong =—p Quinone +H>O>

The concentration intensity of the color formed is proportional to the glucose

in the sample .
Normal values = (74 — 120 ) mg /dI
Reagents :

e Reagent 1 (Buffer): - Consist of 100 mmol/L of phosphate buffer pH7.5
and 0.75 mmol /L of Phenol.

e Reagent 2 (Enzymes): - Consist of >15 KU/Lof glucose oxidase, >1.5
KU/L of proxidase, and 0.25 mmol/I of 4-amino-antipyrine.

e Reagent 3 (Standard): - Consist of 100 mg/dL or 5.55 mmol/L of Glucose.

Preparation of The reagent A:

Working reagent A was prepared by adding the substance containing reagent
2 in the vial (enzymes) to the vial of reagent 1 (Buffer) to form mixture
containing reagent 1 with reagent 2. To completed the dissolving of all

components, the mixture was mixed gently to form reagent A.
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Procedure:
wavelength: 510 nm (500-520)
Light path: 1cm
Temperature 37¢°
Reading against blank reagent
Method Increasing End point
Sample/Reagent 1/100
Reagents Blank Sample Standard
Reagent A 1000 pl 1000 pl 1000 pl
Water 10 pl
Sample 10 pl
Standard 10 pl

Mixed, incubated at 37¢® for 5 minutes, and read against blank reagent the
absorbance of the sample (AX) and the standard (AS) at wavelength about
(510) nm.

Calculation:

Glucose (mg/dl) = Abs(Assay)/Abs(standard) x standard

2.3.3. Measurement of (HbA1C %) Concentration
Principle:

The method utilized the interaction of the antigen and antibody directly
determine the HbAlc % in the whole blood. Total hemoglobin and HbAlc
% have the same unspecific absorption rate to latex particles. When mouse
antihuman HbAlc monoclonal antibody is added (Reagent B) latex-
antibody complex is formed . Agglutination was formed when goat anti-mouse

IgG polyclonal antibody interacts with the monoclonal antibody . The amount
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of agglutination is Proportional to the amount of HbAlc absorbed on the
surface of latex Particles. The amount of agglutination is measured as

absorbance. The HbAlc values is obtained from the calibration curve.

Reagents:

REAGENT (A) Latex 0.13% ,Buffer,stabillizer

Vol-30 ml

Reagent(B) Mouse antihuman HbA1c monoclonal antibody
Vol = 10ml 0.05 mg/dl

Goat anti-mouse 1gG polyclonal antibody
0.08mg/ml stabilizer

Reagent (c) Hemolysis

Reagent Water and stabilizers
Vol = 2x100ml
Optional Calibrator HbAlc-REF.6739

Control HbAlc-REF.6744

Normal values = (4.5 -6.5) %

Procedure:

Wavelength: 640nm (630-660)
Light path: lcm
Temperature: 37c°

Adjust the instrument to zero with distilled water
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Reagent Reagent(A) Sample Standard
Reagent (A) 360 pl
Sample 10 pl
Reagent (B) 120 pl

Mixed, incubated at 37c® for (5) minute and read the absorbance of the
sample After (5) minute of reagent (B) addition at wavelength about (640)

nm
Calculation:

Plot(A) obtained against the HbAlc concentration of each calibrator (1-4)

level. HbAlc percentage in the sample is calculated by interpolation of its

(A) in the calibration curve.

Fit curve

T v T v T v T T T v T v T v T
2 4 O ] 10 12 14

HbA l¢c Calibration concentration (%)

Figure (2-2) Calibration Curve for HbAlc Concentrations
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2.3.4. Measurement of Serum Cholesterol Concentration
Principle :

Esterified cholesterol was hydrolyzed into free cholesterol and fatty acid by
cholesterol esterase (CHE). Cholesterol oxidase (CHOD) oxidizes the free
cholesterol into cholesterol-3-one with formation of hydrogen peroxide
(H202). In presence of peroxidase (POD), hydrogen peroxide(H,O,) reacts
with a derivative of phenol and 4-aminoantipyrine (4-AAP) to produce a
colored complex whose color intensity is directly proportional to the total
cholesterol concentration in the sample. The principle of determination of
cholesterol is based on enzymatic hydrolysis according to the following

reactions:

Cholesterol esterase

>

Cholesterol ester + H,O Cholesterol + Fatty acids

Cholesterol oxidase

Cholesterol + O2 > Cholesterol-3- one + H20:

Peroxidase

H>O. + Phenol + 4-amino-antipyrine

Quinonimine + 2H20
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Reagents:

Reagent (A) Buffer 100 mmol/Il

Volume = 1000 ml 4-AAP 1 mmol/l
CHE 300 Wi
CHOD 300 w1
POD 1500 p/l
Derivative of phenol 1 mmol/l

Standad Cholesterol 200 mg/dl

Volume =5 mi Soduim azide 14 mmol/I

Normal values = (150 - 200) mg/dI

Procedure:
Wavelength 510 nm (500-520)
Light path lcm
Temperature 37¢°
Reading against blank reagent
Sample/Reagent 1/100
Reagents Blank Sample Standard
Reagent (A) 1000 pl 1000 pl 1000 pl
Water 10 pl
Sample 10 pl
Standard 10 pl

44



Chapter Two Patients, Material and Method

Mixed, incubated at 37¢® for 5 minutes, and read against blank reagent the
absorbance of the sample (Ax) and the standard (As) at the wavelength about
(510).

Calculation:

Cholesterol mg/dl = Ax/As x 200(standard value).
2.3.5. Measurement of Serum Triglyceride (TG) Concentration
Principle:

Triglycerides were hydrolized by lipoproteinlipase (LPL) to produce glycerol
and free fatty acid. The glycerol participatesina series of coupled enzymatic
reactons, in which glycerol kinase (GKk) and glycerol phosphate oxidase
(GPO) are involved and H,O, is generated. The hydrogen peroxide reacts
with TOOS and 4-AAP to form a colored complex. Whose color intensity is
directly proportional to the concentration of triglycerides in the sample. The
principle of determination of triglyceride is based on enzymatic hydrolysis

according to
The following reactions:

Lipase

Triglyceride » Glycerol + Free Fatty acid

Glycerol kinase

Glycerol + ATP € > Glycerol — 3 — Phosphate +
ADP
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Glycerol — 3 — Phosphate + O

Phosphate + H20>

H.O: + Parachlorophenol + 4-aminoantipyrine

Glycerol-3-phosphate oxidase

Quinonimine + 2H.0 + HCL

Note: ADP (Adenosine Diphosphate), ATP (Adenosine Triphosphate)

» Dihydroxyaceto-

Reagents:
Reagent (A) Good buffer 100 mmol/Il
Volume =1000 ml Magnesium chloride 15 mmol/Il
ATP 4 mmol/l
4-AAP 1 mmol/I
TOOS 0.1 mmol/I
LPL (lipoproteinase) 2500 U/L
POD (peroxidase) 1800 U/L
GK (glycerol kinase) 1000 U/L
GPO(glycerolphosphate | 5500 U/L
oxidase)
Standard Glycerol 200 mg/dl
Volume = 10 ml (2.28mmol/l)

Normal values = (100 — 150) mg/ dl
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Procedure:
Wavelength 546 nm (546 — 570)
Light path 1cm
Temperature: 37¢°
Reading against blank reaction
Method Increasing End Point
Sample/reagent 1/100
Reagents Blank Sample Standard
Reagent (A) 1000 pl 1000 pl 1000 pl
Water 10 pl
Sample 10 pl
Standard 10 pl

Mixed, incubated at 37c°

for 5 minutes, read against blank reagent the

absorbance of the sample (Ax) and the standard (As) at the wavelength about

(546)nm.

Calculation:

Triglycerides mg/dl = Ax/As x 200 (standard value)
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2.3.6.Measurement of Serum High Density Lipoprotein
Cholesterol (HDL-C) Concentration

Principle:
Specific polianions in the first phase block the interfering lipoproteins

(LDL, VLDL and chylomicron) and a specific surface —active agent inhibits
the coloration of VLDL, LDL and chylomicron in the second phase. Reaction
enzymes were (cholesterol oxidase, cholesterol esterase and peroxidase)
interacted with (LDL-VLDL and chylomicron) and reduced them from the
reaction . The intensity of color produced is directly proportional to the HDL

cholesterol in the sample.

Reagents:
Reagent (A) Good Buffer 100 mmol/Il
Volume =90 ml Polianions 1 mmol/Il
4-AAP 4 mmol/Il
Reagent (B) Cholesterol esterase 800 w1
Volume = 30 ml Cholesterol oxidase 500 Wi
Peroxidase 1500 Wi
HDAQOS 1 mmol/Il
Detergent 4 mmol/Il

Normal values = (40 -130) mg/dl
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Procedure:

Wavelength 600 nm

Lightpath 1cm

Temperature 37¢°

Reading against blank reagent

Method Increasing End point
Reagents Blank Sample Calibrator
Reagent (A) 300 pl 300 pl 300 pl
Water 4 ul
Sample 4 ul
Reagent (B) 4 ul

Mixed, incubated at 37c® for 5 minutes, read the absorbance of the sample
(Ax) and the calibrator (Ac) against blank reagent at wavelength about 600

nm.

Calculation:

HDL (mg/dl) = (Ax — Abx) / (Ac —Abc) x Calibrator value

mg x 0.02586 = mmol /I (conversion factor)
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2.3.7.Measurement of Serum Low Density Lipoprotein
Cholesterol (LDL-C) Concentration.

Principle:

When a sample is mixed with reagent (A), the protecting reagent binds to
LDL and protects LDL from enzyme reactions. Cholesterol esterase and
cholesterol oxidase react with non-LDL lipoproteins (chylomicrons, VLDL
and HDL). Hydrogen peroxide produced is decomposed by catalase. When
reagent (B) was added, the protecting was reagent which is removed from LDL
and catalase inactivated. In this second process, the enzymatic reactions
conducted solely on the LDL fraction and the hydrogen peroxide produced
yields a color complex upon oxidase condensation with HDAOS [N-(2-
hydroxy-3-sulfopropyl)- 3,5-dimethoxyaniline] and 4-AAP in the presence of
peroxidase colour intensity is directly proportional to the amount of LDL

cholesterol in the sample.

Reagents:
Reagent (A) LDL Good Buffer 20 Mm
Volume = 10 ml HDAOS 1 mM
Reagent (B) LDL Good Buffer 20 Mm
Volume = 10 ml Cholesterol esterase 5.0 U/mi
Cholesterol oxidase 1.0 U/ml
Peroxidase 15 U/ML
4-AAP 3.0 U/ml

Normal values = (40-130) mg/dI
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Procedure:

Wavelength 600 nm

Light path 1cm

Temperature 37¢°

Reading against blank reagent
Reagents Blank Sample Calibrator
Reagent (A) 300 pl 300 pl 300 pl
Water 4 ul
Sample 4 ul
Reagent (B) 4 ul

Mixed, incubated at 37¢® for 5 minutes and read the absorbance of the
sample(Ax) and the calibrator (Ac) against blank reagent at wavelength about

(600) nm
Calculation:
LDL (mg/dl) = (Ax — Abx)/ (Ac — Abc) x Calibrator value.

And also can calculated of LDL cholesterol by using the following formula:

LDL (mg/dl) = cholesterol — (HDL+ [rgtycerides)
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2.3.8.Calculation of Serum Very Low Density Lipoprotein
Cholesterol (VLDL- C) Concentration.

Serum very low density lipoprotein cholesterol (VLDL-C) can be determined

by the following equation.
TG
VLDL-C (mg/dl) = ?

Normal values = (2 — 30) mg/di

2.3.9. Measurement of Serum Insulin Concentration.
Principle:

The insulin test was an electrochemiluminescence immunoassay. The sample
(or calibrator/control), buffer, and magnetic microbeads coated with
monoclonal antibody. Beta insulin, and ABEI was bead anti-insulin
monoclonal antibody mixed well and incubated, forming a sandwich of
immune complexes. After sedimentation in a magnetic field, the supernatant
was decanted and then a wash cycle was performed. Next, | added Starter+2 to
indicate the chemicals check. The optical signal was measured by a
photomultiplier as relative optical units (RLUs), which were proportional to
the insulin concentration present in the sample (or calibrator/control). Insulin
iIs a peptide hormone secreted by the B cell of the pancreatic islets of
langerhans and maintains normal blood glucose levels by facilitating cellular
glucose uptake. Regulating carbohydrate, lipid and protein metabolism and
promoting cell division and growth through its mitogenic effects in the human
body.
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Reagent
Reagents Preparation of reagents

Streptavidin-coated microparticales | Streptavidin-coated microparticles

Volume =5.8 mi (0.72 mg/ml) + (50 mmol/L) buffer

Anti-insulin-AB-biotin (R;) Biotinylated monoclonal anti-insulin

Volume = 10.3 antibody(1mg/L)+(50mmol/L)
buffer

Anti-insulin-AB-Ru(bpy) (R2) Monoclonal anti-insulin  antibody

[Tris(2.2-bipyridyl)ruthenium(ll) labeled with ruthenium complex
complex] (1.75 mg/L) +(50 mmol/L) buffer

Volume =9.5 ml

Normal values = (2.6 — 25) pU/ml (Micro units per milliliter)
Procedure:

1. Took (12) ul of sample , added (50) ul of (anti- insulin-AB- biotin) (R;) and
then added (50) pl of [ Tris (2.2-bipyridyl ruthenium(l1)] (R;) to form

sandwich complex.
2. Mixed, incubated at 37¢°for (5) minutes.
3. Added (50) pl of streptavidin-coated microparticles to the mixture.

4. Mixed, incubated at (37) c®for (5) minutes and then read the results by

instrument automatically.
Calculation:

The sample is calculated automatically by calculating the insulin concentration
in each sample via a calibration curve generated by two points.
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2.3.10.Measurement of Serum Leucine Rich Alpha-2-

Glycoprotein 1 (LRG1) Concentraton
Principle:

The kit is an Enzyme-Linked ImmunoSorbent Assay (ELISA). Added sample
to the pre-coated plate. Then added biotinylated antigen. The antigens in the
samples compete with the biotinylated antigen to bind to the capture antibody
and incubate. Unbound avidin-HRP is washed away during a washing step.
TMB substrate is then added and color develops. The reaction is stopped by
addition of acidic stop solution and color changes into yellow that can be
measured at 450 nm. The intensity of the color developed is inversely
proportional to the concentration of LRG1 in the sample. The concentration of
LRGL1 in the sample is then determined by comparing the optical density (OD)

of the samples to the standard curve (competitive immunoassay technique).

Reagents and Materials

Components Quantity

Pre-coated plate 12 * 8 well strips x 1

Human LRG1standard, lyophilized | 2 vial

Standard/ Sample Diluent 6 ml x 1 Vial
Biotinylated antigen, lyophilized 1 vial

Avidin- HRP Concentrate 100 pl x1 vial
Biotinylated antigen Diluent 6 ml x 1 vial
Avidin HRP Diluent 59 ml x 1 vial
Substrate solution A 6 ml x 1 vial
Substrate solution B 6 ml x 1 vial
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Stop solution 6 ml x lvial
Wash buffer Concentrate(25x) 20 ml x 1 vial
Plate Sealer 2 pcs

Zipper Bag 1

User Instruction 1

Preparation of Reagents

o All reagents will be brought to room temperature before use

e Standard reconstitute one vial of standard with 150 ul of standard/sample
Deluent to generate a 96 pug/ml standard stock solution which will be
Used within 24 hours. Allowed the standard to sit for 15 minutes with
gentle. agitation prior to making dilutions. Prepared duplicate or triplicate
standard points by serialy diluting the standard stock solution 1:2 with
diluent to produce 48 pg/ml, 12 pg/ml, 6pg/ml and 3ug/ml solutions
Added Standard/Sample diluent only as the zero standard (0 pg/ml).

150 ul 150 pl 150 nl 150 ul 150 pl

% T Y Vs Vi W

=
& \_/
Stock

Solution 96 ug/mL 48 ug/mL 24 ug/mL 12 ug/mL 6 ug/mL 3 ug/mL

Figure (2-3) The Reagents Preparation for (LRG1) Concentrations
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¢ Biotinylated Antigen Briefly centrifuged the biotinylated antigen vial then
add 1ml Biotinylated Antigen Diluent to mixed well. And then pipetted all
this solution back into the Biotinylated Antigen diluent vial to mixed well
and generate a 6ml stock solution. Allowed to sit for 10 minutes with
gentle agitation prior to making dilutions.

e Avidin-HRP Concentrate Briefly low- speed centrifuged the avidin-HRP
Concentrates solution and then pipetted all avidin-HRP into the Avidin
HRP Diluent vial. Mixed well to generate a 6ml stock solution. Allowed to
sit for 10 minutes with gentle agitation prior to making dilutions.

e Washed Buffer Concentrate 25x Diluted 20ml of concentrated wash buffer
with 480ml double distilled water to prepared 500 ml of wash buffer. If
crystals have formed in the concentrate, warmed it in a 40°C water bath and

mixed it gently until the crystals have completely dissolved.
Assay Procedure:

1. Prepared all reagents, standard solutions and samples as instructed. Brought
all reagents to room temperature before use. The assay is performed at room

temperature.

2. Determined the number of strips required for the assay. Inserted the strips in
the frames for use. The unused strips will be stored at 2~8°C for up to one

month.

3. Blank wells: Only added substrate solution A , substrate solution B and Stop

solution as blank control.

4. Added 50 pl diluted standard to standard well, added 50 pl sample (Sample

recommended dilution:2-5 times when necessary) to the sample well, and
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added 50 pl biotinylated antigen to each well. Mixed well. Covered the plate

with a sealer and incubated for 60 minutes at 37°C.

5. Removed the searler and the liquid in the well, washed five times with 300
Ml wash buffer manually. Inverted the plate each time and decanted the
contents hit 4-5 times on absorbent material to complete removed liquid. For
automated washing, aspirated all wells and wash 5times with wash buffer. Blot

the plate on absorbent material.

6. Added 50 pl avidin-HRP to the standard well and sample well, covered the

plate with a sealer and incubated for 60 minutes at 37°C.
7. Removed the sealer and wash as described above.

8. Added 50 pl substrate solution A to each well and then added 50 pul substrate
solution B to each well. Incubated plate covered with a new sealer for 10
minutes at 37°C in the dark.

9. Added 50 pl Stop Solution to each well, the blue color will changed into

yellow immediately.

10. Determined the optical density (OD value) of each well immediately using
a microplate reader set to 450 nm within 10 minutes after adding the stop

solution.
Calculation Results

Averaged the duplicate readings for each standard, control, and sample.
Created a standard curve by plotting the mean absorbance for each standard on

the Y-axis against the target antigen concentration on the X-axis and drew a

57



Chapter Two Patients, Material and Method

best fit curve through the points on the graph. The data may be linearized by
plotting the log of the target antigen concentration on the X axis versus the
O.D. of the standards on the Y axis and the best fit line can be determined by
regression analysis. The linear equation ( X = Y+Calibration Value ) can be
used to calculate the standard curve where X is the log of the concentration of
the standard and Y is the OD value of the standard. If samples have been
diluted (2-5 times is recommended), the concentration read from the standard

curve must be multiplied by the dilution factor.
Typical Data

This standard curve is only for demonstration purposes. A standard curve

should be generated with each assay.

N
W

i
o

f—
W

codeicsssedosnsnisd

ecogdan

cscssccccccsndicccnancsaccan

[
(=]

........................

Optical Density

=
(o

seescscopessncan
cmmmmmmahaan cmfenanaa

0.0
20 30 40

Concentration

(=4
o

Figure (2-4) The Standard Curve for (LRG1) Concentrations
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2.3.11.Measurement of Serum Insulin-Like Growth Factor —

Binding Protein 7 (IGFBP7) Concentration.

Principle:

The kit an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has been
pre-coated with Human IGFBP7 present in the sample is added and binds to
antibodies coated on the wells and then biotinylated IGFBP7 antibody is added
and binds to IGFBP7 in the sample. Then Streptavidin-HRP is added and bind
to the Biotinylated IGFBP7 antibody. After incubation unbound Streptavidin-
HRP is washed away during a washing step. Substrate solution is then added
and color develops in proportion to the amount of human IGFBP7. The
reaction is terminated by addition of acidic stop solution and absorbance is

measured at 450 nm. The method (sandwitch immunoassay technique).

Reagents and Materials:

Component Quantity (96T) Quantity (48T)
Standard solution 0.5mix1 0.5mlx1
Pre-coated ELISA plate | 12 "8 well stripsx 1 | 12 * 4 well srips x 1
Standard diluent 3mlx1 3mix1
Streptavidin-HRP 6mlx1 3mlx1

Stop solution 6mlx1 3mlx1

Substrate solution A 6mlx1 3mix1

Substrate solution B 6mlx1 3mix1

Wash buffer conc (25x) |20 mI x 1 20mlx 1

Human IGFBP7 (AB) |1 1
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User instruction

2pcs

2pcs

Plate sealer

1

1

Preparation of Reagent:

* All reagents will be brought to room temperature before use.

» Standard Reconstitute the120 pl of the standard (24 ng/ml) with 120 pl of

standard diluent to generate a 12 ng/ml standard stock solution. Allowed the

standard to sit for 15 minutes with gentle agitation prior to making dilutions.

Prepared duplicate standard points by serially diluting the standard stock

solution (12 ng/ml) 1:2 with standard diluent to produce 6ng/ml, 3ng/ml,

1.5ng/ml and 0.75 ng/ml solutions. Any remaining solution will be frozen at -

20°C and used within one month. Dilution of standard solutions suggested are

as follows:

12 ng/ml Standard NO.5 | 120 pl Original standard+120ul standard
diluent

6 ng/mi Standard NO.4 | 120 pl standard NO.5 + 120 pul standard
diluent

3 ng/ml Standard NO.3 | 120 pl standard NO.4 + 120UL standard
diluent

1.5 ng/ml Standard NO.2 | 120UL standard NO.3 + 120 pl standard
diluent

0.75 ng/ml Standard NO.1 | 120 ul standard NO.2 + 120 ul standard
diluent
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120 pl 120 ul 120 ul 120 pl 120 ul

Y Ve Ve Yo U

vl

24ng/ml 12ng/ml 6ng/ml 3ng/ml 1.5ng/ml 0.75ng/ml

Figure (2-5) The Reagents Preparation for (IGFBP7) Concentration

wash Buffer Dilute 20ml of Wash Buffer Concentrate 25x into deionized or
distilled water to yield 500 ml of 1x Wash Buffer. If crystals have formed in

the concentrate, mixed gently until the crystals have completely dissolved.
Assay Procedure:

1.Prepared all reagents, standard solutions and samples as instructed. Brought
all reagents to room temperature before use. The assay is performed at room

temperature.

2.Determined the number of strips required for the assay. Inserted the strips in
the frames for use. The unused strips should be stored at 2-8°C.
3.Add 50 pl standard to standard well. Note: Don’t add antibody to standard

well because the standard solution contains biotinylated antibody.

4.Added 40 pl sample to sample wells and then add 10 pl Human IGFBP7
antibody to sample wells, then added 50 pul streptavidin-HRP to sample wells

61



Chapter Two Patients, Material and Method

and standard wells (Not blank control well). Mixed well. Covered the plate

with a sealer. Incubated 60 minutes at 37°C.

5.Removed the sealer and wash the plate 5 times with wash buffer. Soaked
wells with 300 pl wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirated or decanted each well and wash 5 times with

wash buffer. Blot the plate onto paper towels or other absorbent material.

6.Added 50ul substrate solution A to each well and then added 50 ul substrate
solution B to each well. Incubated plate covered with a new sealer for 10
minutes at 37°C in the dark.

7.Added 50 pl Stop Solution to each well, the blue color will changed into

yellow immediately.

8.Determined the optical density (OD value) of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop

solution.
Calculation of Result:

Constructed a standard curve by plotting the average OD for each standard on
the vertical () axis against the concentration on the horizontal (X) axis and
drew a best fit curve through the points on the graph. These calculations can
be best performed with computer-based curve-fitting software and the best fit

line can be determined by regression analysis.
Typical Data:

The standard curve of E3857Hu is provided for demonstration only. A standard
curve will be generated for each set of samples assayed.
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E3857Hu, Human IGFBP7 Standard Curve
2.5

2.0
1.5
1.0

0.5+

Optical Density(450nm)

0.0 ¢S
0 5 10 15

Standard Concentration (ng/ml)

Figure (2-6) Standard Curve for (IGFBP7) Concentrations

2.4. Statistical Analysis

They were performed using IBM SPSS Statistics for Windows, Version
26.0. Descriptive statistics were applied to summarize the data, with
continuous variables expressed as mean + standard deviation and categorical
variables reported as frequencies (n) and percentages (%). The Kolmogorov-

Smirnov test was used to assess data normality.

For inferential analysis, the two-independent-samples *t*-test was employed
to compare continuous variables between groups. Correlations between
biomarkers were evaluated using Pearson’s correlation coefficient.
Associations between variables were quantified using odds ratios (ORs) with
95% confidence intervals (Cls), derived from unconditional logistic

regression. ANOVA test used to compare more than two groups.

Analytical tests identified significant differences in categorical variables
across parameters, with a two-sided p-value < 0.05 considered statistically
significant. Additionally, receiver operating characteristic (ROC) curve
analysis was conducted to determine the optimal threshold for critical

Diabetics, balancing sensitivity and specificity.
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3.Results
3.1. Demographic and Clinical Characteristics

The demographic and clinical characterstics of patients with diabetes
mellitus type 2 (T2DM) and control groups were summarized in table
(3-1). The table (3-1) presents the baseline characteristic of the study
participants, comparing diabetic and non-diabetic groups. The diabetic
group had the proportions of age as the following: from ( 20-30) year
the proportion was 3 (5.0%), from (31-40) year, the proportion wasl5
(25.0%) , from (41-50) year, the proportion was 8 (13.3%),from (51-60)
year, the proportion was 15 (25.0%) and (> 60) year, the proportion was
19 (31.7%). The non diabetic group showed the following age distribution
from (20-30) year ,the proportion was 8 (26.7%), from (31- 40) year, the
proportion was 8 (26.7%) , from (41-50) year, the proportion was
(23.3%),from (51-60) year , the proportion was 5 (16.7%) and (<60)
year, the proportion was 2 (6.7%). Both diabetic group and non diabetic
group had equal sex distribution (50%) male and female ( 50%). The
patients’ BMI categories are distributed as following: 21 (35.0%) were
classified having a normal BMI, 39 (65.0 %) were classified as having
an overweight BMI, The control group consist of individuals the

following proportions: 16 (53.3%) having anormal BMI, 14 (46.7%)
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having an overweight BMI. The proportion of smoker patients in

(diabetic group) was 28 (46.7 ), while the proportion of non smoker

Patients in (diabetic group) was 32 (53.3%). The proportion of smoker

individuals in (non diabetic group) was 12 (40 %),while the proportion of

non smoker individuals in (non diabetic group) was 18 (60 %) in the

current study. These are proportions found in the following table (3-1).

Table (3-1) Demographic and Clinical Characteristics

Characteristics Diabetic Non-Diabetic
Sex Male 30 (50.0%) 15 (50.0%)
Female 30 (50.0%) 15 (50.0%)
Age 20-30 years 3 (5.0%) 8 (26.7%)
31-40 years 15 (25.0%) 8 (26.7%)
41-50 years 8 (13.3%) 7 (23.3%)
51-60 years 15 (25.0%) 5 (16.7%)
>60 years 19 (31.7%) 2 (6.7%)
BMI Normal weight | 21 (35.0%) 16 (53.3%)
Overweight 39 (65.0%) 14 (46.7%)
Smoking No (%) 32 (53.3%) 18 (60%)
Yes (%) 28 (46.7%) 12 (40%)

*Chi-square Test
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3.2. Distribution of Past Medical History
The current study highlights on the medical history differences

between the study groups . The number of patients with family history
of diabetes mellitus type 2 in diabetic group was 41(68.3 %) ,while
non family history was 19 (31.7%). The number of individuals (non
diabetic group) with family history was 13(43.3%), while non family
history was 17 (56.7%), with p value (0.022), which was significant.
The number of patients with hyperlipidemia of diabetes mellitus type
2 in diabetic group was 35 (58.3%), while non hyperlipidemia was 25
(41.7%). The number of individuals (non diabetic group) with
hyperlipidemia was (16.7 % ), while non hyperlipidemia was 25 ( 83.3
%) with p. value (<0.001), which was significant. The number of
Patients with hypertension of diabetes mellitus type 2 in diabetic group
was 30 (50.0 %), while non hypertension was 30 (50.0%). The
number of individuals (non diabetic group) with hypertension was 6
(20.0%) ,while non hypertension was 24 (80.0%) with p value (0.006),
which was significant. The number of patients with physical activity
of diabetes mellitus type 2 in diabetic group was 29 (48.3%), while
non physical activity was 31(51.7%). The number of individuals (non

diabetic group) with physical activity was 25 (83.3%), while non
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physical activity was 5 (16.7%) with p value (0.001), which was
significant. The proportions are found in the following table (3-2).

Table (3-2) Distribution of Past Medical History

Medical history Diabetic Non-Diabetic | P-value

Family history No 19 (31.7%) | 17 (56.7%)
0.022

Yes 41 (68.3%) | 13 (43.3%)

Hyperlipidemia No 25 (41.7%) | 25 (83.3%)

Yes 35 (58.3%) | 5 (16.7%) <0001
Hypertension No 30 (50.0%) | 24 (80.0 %)

Yes 30 (50.0%) | 6 (20.0%) 0008
Physical activity | No 31 (51.7%) | 5(16.7%)

Yes | 29 (483%) | 25(83.3%) | 0-001

*Chi-square Test, Differences are Significant at P-value< 0.05.

The number of patients with treatment by (oral anti-diabetic drugs) of
type 2 diabetes mellitus in diabetic group was 42 (70.0 %) while
the number of patients with treatment by (insulin-injection) of type 2
diabetes mellitus in diabetic group was 18 (30.0%) .These are proportions

can be represented in the following figure (3-1).
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Treatment

® Anti diabetic drugs  ® Insulin injection

Figure (3.1) Distribution of Treatment Types

The number of patients with duration of type 2 diabetes mellitus
(T2DM) from (1 - 5) vyear, the proportion was (22% ), from (5 - 10)
year, the proportion was (9% ), from (10 - 15) year, the proportion
was (14 %) and (>15) year, the proportion was (15% ). These

are proportions can be represented in the following figure (3-2).
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Diabetic Mellitus Duration

29
20
14
15 I
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15

0
510 10 15 >15

15 510 1015 =>15

Figure (3-2) Distribution of Duration of Type 2 Diabetes Mellitus

3.3. Comparison of Routine Biomarkers in The study

Groups

The current study routine biomarkers were compared between

groups. Dabetic group had mean of fasting blood sugar (FBS) (208.51

+93.61 ) mg/dl while non diabetic group had mean of fasting blood sugar
(FBS) (188.28 £7.54) mg/dl with p value (<0.001), which was significant.
Diabetic group had mean of glycated hemoglobin (HbAlc) % (
8.39+1.71) % , while non diabetic group had mean of glycated
hemoglobin (HbAlc) % (5.01£0.29) % with p value (<0.001),which

was significant. Diabetic group had mean of insulin (14.76 £4.13)
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uU/ml,while non diabetic group had mean of insulin (20.68+12.65)uU/mli
with p wvalue (0.001) , which was significant . Diabetic
group had mean of cholesterol (207.80+£49.28) mg/dl while non
diabetic group had mean of cholesterol (140.87+£11.19) mg/dl with p
value (<0.001), which was significant. Diabetic  group had
mean of triglyceride (TG) (170.08+98.12 ) mg/dl, while non
diabetic group had mean of triglyceride (TG) (125.20+£7.26) mg/dl
with p value (<0.014), which was significant. Diabetic group
had mean of high density lipoprotein (HDL) (77.21+£18.30) mg/dl,
while non diabetic group had mean of high density lipoprotein
(HDL) (95.02+£10.89) mg/dl with p value (<0.001), the proportion
was significan. Diabetic group had mean of low density lipoprotein
(LDL) (88.79£23.76) mg/dl, while non diabetic group had mean of
Low density lipoprotein (LDL) (69.05£10.14) mg/dl with value
(<0.001), which was significant. Diabetic group had mean of
very low density lipoprotein (VLDL) (33.95+£19.65) mg/dl  while
non diabetic group had mean of very low density lipoprotein (VLDL)
(25.04+1.45) mg/dl with p value (<0.015), which was significant.

The proportions are found in the following table (3-3).
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Table (3-3) Comparison of Routine Biomarkers in The
Study Groups
Parameters | Diabetic Non-Diabetic
P-value
Mean = SD(n=60) | Mean = SD (n=30)
FBS(mg/dl) |(208.51+£93.61) (88.28+7.54) <0.001
HbA1C% (8.39£1.71) (5.01+0.29) <0.001
Serum-insulin
(HU/m) (14.76 + 4.13) (20.68 +12.65) | 0.001
Cholesterol (207.80%49.28) (140.87+11.19)
<0.001
( mg/dl)
TG (mg/dl) (170.08+98.12) (125.20+7.26)
<0.014
HDL (mg/dl)
(77.21+£18.30) (95.02+10.89) <0.001
LDL(mg/dl) (88.79£23.76) (69.05£10.14) <0.001
VLDL (mg/dl) | (33.95+19.65) (25.04+1.45) <0.015

* n:Number of Patients, SD: Standard Deviation, Test: Two independent samples

T .test, Differences are significant at P-value< 0.05.
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3.4. Comparison Mean Values of LRG1 and IGFBP7

between The Study Groups

The current study for two main biomarkers (LRG1) and (IGFBP7)
in the comparison between two groups diabetic and non diabetic.
The diabetic group had leucine rich alpha-2-glycoprotein-1 (LRG1)
mean of (1.01+0.36) pug/ml, while non diabetic group had leucine
rich alpha-2 glycoprotein-1 (LRG1) mean of (0.56+0.26) pg/ml with
p.value (<0.001), which was significant. The diabetic group had
insulin— like growth factor- Binding protein 7 (IGFBP7) mean of
(1.09+0.33) ng/ml, while non diabetic group had insulin- like growth
factor - binding protein 7 (IGFBP7) mean of (0.55%0.35) ng/ml with
p value (<0.001), which was significant. These are proportions

found in the following table ( 3-4).
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Table (3-4) Comparison Mean Values of LRG1 and IGFBP7

between The Study Groups

Diabetic Non-Diabetic
Biomarker P-value
Mean £ SD (n=60)| Mean = SD (n=30)

LRG1(pg/ml)
(1.01+0.36) (0.56+0.26) <0.001

IGFBP7 (ng/ml)
(1.09+0.33) (0.55+0.35) <0.001

* n: Number of Patients, SD: Standard Deviation, Test: Two independent samples

T.test, Differences are significant at P-value< 0.05

3.5. Comparison Mean Values of LRG1 and IGFBP7

According to Sex in Patients with Diabetes Mellitus

Table (3-5) showed that the mean of (LRG1) for male is (0.789+0.580)
pug/ml and female is (0.896+0.551) pug/ml with p value (0.432), which was
no significant. Table (3-5) showed also that the mean of (IGFBP7)
for male is (0.878%0.472) ng/ml and female is (0.988+0.489) ng/ml with
pvalue (0.325), which was non significant. The current study was
(non significant) for both biomarkers. The proportions are found in the

following table (5-3).
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Table (3-5) Comparison Mean Values of LRG1 and IGFBP7

According to Sex in Patients with Diabetes Mellitus

Sex
Biomarker Male Female
P-value
Mean = SD(n=30) | Mean £ SD(n=30)
LRG1(ug/ml) (0.789 £ 0.380) (0.896 £ 0.351)
0.432
IGFBP7(ng/ml) | (0.878+£0.372) (0.988 + 0.489) 0.495

*n: Number of Patients, SD: Standard Deviation, Test: independent samples T.test,

Differences are significant at P-value< 0.05

3.6. Comparison Mean Values of LRG1 and IGFBP7

Accoding to Age in Patients with Diabetes Mellitus

Table (3-6) shown that the mean of (LRG1) for ages from (20- 40)

year, the proportion was (0.323 £ 0.078) pg/ml, from (41-60) year,

the proportion was ( 0.897 £0.286) pg/ml, and (> 60) year, the

proportion was (1.272+0.324) pug/ml with p value (<0.001), which was

significant. The table (3-6) shown also the mean of (IGFBP7) for ages

from (20-40) year, the proportion was ( 0.419£0.139 ) ng/ml, from (41-

60) year, the proportionwas (0.977+0.288) ng/ml, and (>60) vyear,
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the proportion was (1.376x0.305 ) ng/m with p value (<0.001) which

was significant. These are proportions elucidated that both LRG1

and IGFBP7 levels are elevated whenever the age is increase. The

proportions are found in the following table (3-6).

Table (3.6). Comparison Mean Values of LRG1 and IGFBP7

According to Age in Patients with Diabetes Mellitus

Age

Biomarker 20-40y 41-60y >60y

P-value

N=18 Mean = SD|N=23 Mean + SD |N=19 Mean = SD
LRG1 0.323+0.078 0.897+0.286 1.272+0.324

<0.001
(ug/ml)
IGFBP7 0.419+40.139 0.977+0.288 1.376+0.305

<0.001
(ng/ml)

* n: Number of Patients, SD : Standard Deviation, Test: One way ANOVA |,

Differences are significant at P-value< 0.05
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3.7. Comparison Mean Values of LRG1 and IGFBP7

According to BMI in Patients with Diabetes Mellitus
The table (3-7) showed that the mean of both biomarkers LRG1

and IGFBP7.The normal weight for LRG1was (0.307 £ 0.129) pg/ml and
the overweight for LRG1 was (1.132+0.407) pg/ml with p value (<0.001)
which was significant. The normal weight for IGFBP7 was (0.403+0.202)
ng/ml and the overweight for IGFBP7 was (1.219£0.212) ng/ml with p
value (<0.001) , which was significant. The levels for both biomarkers
are raised in overweight patients more than normal weight patients,
and these differences are significant (p<0.001) for both biomarkers.
The proportions are found in the following table (3-7).

Table (3-7) Comparison Mean Values of (LRG1) and(IGFBP7)
According to BMI in Patients with Diabetes

BMI
Biomarker Normal weight Overweight
P-value
Mean £SD (n=21)] Mean +SD(n=39)

LRG1 (ug/ml) (0.307+0.129) (1.132+0.407)

<0.001
IGFBP7 (ng/ml) (0.403+0.202)  [(1.219+0.212)

<0.001

*n: Number of Patients, SD: Standard Deviation, Test: Two independent samples
T.test, Differences are significant at P value <0.05
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3.8. Comparison Mean Values of LRG1 and IGFBP7
According to Smoking in Patients with Diabetes Mellitus

The table (3-8) showed that the mean of (LRG1) for smoking was

(1.266+0.323) pg/ml and non smoking was (0.473+0.147) pg/ml with p

value (<0.001), which was significant. The table (3-8) also showed that

the mean of (IGFBP7) for smoking was (1.219+0.316) ng/ml and

non smoking was (0.567%£0.180) ng/ml with p value (< 0.001), which

was significant. The levels for both biomarkers are raised in smoker

patients more than non smoker patients, and these differences are

significant p value (<0.001) for both biomarkers. The proportions are

found in the following table (3-8).

Table (3-8) Comparison Mean Values of LRG1 and IGFBP7

According to Smoking in Patients with Diabetes Mellitus

Smoking
Biomarker Non-smoker Smoker
Mean + SD (n=32) (r']\ﬂgz;‘ +SD P-value
LRG1 (ug/ml) 0.473+0.147 1.26620.323 <0.001
IGFBP7 (ng/ml) | 0.567+0.180 1.219+0.316 <0.001

* n: Number of Patients, SD: Standard Deviation, Test: To independent samples

T.test, Differences are significant at P-value< 0.05
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3.9. Comparison Mean Values of LRG1 and IGFBP7

According to Physical activity in Patients with Diabetes Mellitus
The table (3-9) showed that the mean of (LRGL1) for Physical activity was

(0.464+0.415)ug/ml and non physical activity was (1.198+0.317) pug/ml
with p value (<0.001), which was significant. Table (3-9) also showed
that the mean of (IGFBP7) for physical activity was (1.219+0.324) ng/mi
and non physical activity was (1.343+0.302) ng/ml with p value (<0.001),
which was significant. The levels for both biomarkers are raised in
non physical activity patients more than physical activity patients, and
these difference are significant ( p<0.001) for both biomarkers. The
proportions are found in the following table (3-9).

Table (3-9) .Comparison Mean Values of LRG1 and IGFBP7

According to Physical Activity in Patients with Diabetes Mellitus

Physical activity
Biomarker No Yes
P-value
Mean = SD(n=32) | Mean + SD(n=28)
LRG1 (ug/ml) (0.464+0.415)
(1.198+0.317) <0.001
IGFBP7 (ng/ml) (1.343£0.302) (1.219+0.324)
<0.001

* n: Number of Patients, SD: Standard Deviation, Test: Two independent
samples T. test, Differences are significant at P-value< 0.05
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3.10. Comparison Mean Values of LRG1 and IGFBP7

According to Family History in Patients with Diabetes Mellitus
The table (3-10) showed that the mean of (LRG1) for patients with family

history was (0.889 £ 0.224) pg/ml and with non family history was

(0.745%0.210) pg/ml with p value ( 0.324), which was non significant.

The table (3-10) also shown that the mean of (IGFBP7) for patients with

family history was (0.981+0.368) ng/ml and with non family history was

(0.831 £ 0.323) ng/ml with p value ( 0.311 ), which was non significant.

The levels for both biomarkers are not statistically significant. The

proportions are found in the following table (3-10).

Table (3-10) Comparison Mean Values of LRG1 and IGFBP7

According to Family History in Patients with Diabetes Mellitus

Family History

_ No Yes
Biomarker P-value
Mean = SD (n=19)|Mean £ SD (n=41)
LRG1 (ug/ml)
0.745+0.210 0.889+0.224 0.324
IGFBP7 (ng/ml)
0.831+0.323 0.981+0.368 0.311

* n: Number of Patients, SD: Standard Deviation, Test: Two independent

samples T.test, Differences are significant at P-value< 0.05
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3.11. Comparison Mean Values of LRG1 and IGFBP7

According to Hypertension in Patients with Diabetes Mellitus
The table (3-11) showed that the mean of (LRG1) for patients with

hypertension was (1.267£0.331) pug/ml and with non hypertension was
(0.420+0.163 ) pg/ml with P value ( <0.001), which was significant. The
table (3-11) also showed that the mean of (IGFBP7) for Patients with
hypertension was (1.344+0.314) ng/ml and with non hypertension was
(0.522+0.144) ng/ml with p value ( < 0.001), which was significant. The
levels for both biomarkers are elevated in hypertension patients more than
non hypertension patients, and these differences are significant (p < 0.001)
for both biomarkers.The proportions are found in the following table(3-11).
Table (3-11) Comparison Mean Values of LRGland IGFBP7

According to Hypertension in Patients with Diabetes Mellitus

Hypertension

Biomarker No Yes
Mean + SD Mean + SD P-value
(n=30) (n=30)
LRG1 pg/ml 0.420+0.163 1.267+0.331 <0.001
IGFBP7 ng/ml 0.522+0.144 1.344+0.314 <0.001

* n: Number of Patients, SD: Standard Deviation, Test: Two

independent samples T.test, Differences are significant at P-value< 0.05
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3.12. Comparison of LRG1 and IGFBP7 According to

Hyperlipidemia in Patients with Diabetes Mellitus
The table (3-12) showed that the mean of (LRG1) for non hyperlipidemia

was (0.328+0.126) pg/ml, hypercholesterolemia was (1.252+0.261) pug/ml
hypertriglyceridemia was (0.353 +0.101) ug/ml, hypercholesterolemia
and hypertriglyceridemia were (1.134+0.129)ug/ml with p value (<0.001),
which was significant. The table (3-12) showed that the mean of (IGFBP7)
for non hyperlipidemia was (0.407+0.118) ng/ml, hypercholesterolemia
was (1.249+0.263) ng/ml, hypertriglyceridemiawas (0.489+0.134) ng/ml,
hypercholesterolemia and hypertriglycedemia were (1.269+0.265) ng/ml
with p value (<0.001), which was significant, and these differences are
significant (p < 0.001) for both biomarker. The proportions are found in

the following table (3-12).
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Table (3-12) Comparison of LRG1 and IGFBP7 According to

Hyperlipidemia in Patients with Diabetes Mellitus

Hyperlipidemia

Bio Non Hyper

marker inidemi Ch(I;IIZEterOI Tri I_Ilyt?eerride Cholesterol +
Hyperlipidemia gly Triglyceride | pyalue
Mean + SD Mean £ SD Mean £ SD Mean + SD
(n=14) (n=14) (n=10) (n=22)_

LRG1

0.328 £0.126 | 1.252+0.261 | 0.353+0.101 | 1.134+0.129 | <0.001

(g/ml)

(r:;fnl?)m 0.407+0.118 1.249+0.263 | 0.489+0.134 1.269+0.265 | <0.001

* n: Number of Patients, SD: Standard Deviation, Test: One way ANOVA, Differences

are significant at P-value< 0.05

3.13. Comparison of LRG1 and IGFBP7 According Duration of
T2DM in Patients with Diabetes Mellitus
The table (3-13) showed that duration of ( T2DM) of the mean of

(LRG1)for less than10 year was (0.426+0.155) ug/ml and greater than 10

years was (1.289+0.317) pg/ml with p value (<0.001), which was

significant. The table also showed duration of (T2DM) of the mean of

(IGFBP7) for lessthan 10 yearswas (0.518+0.131) ng/ml and greater

than 10 years was (1.377£0.276) ng/ml with p value

(<0.001),

which was significant. The levels for both biomarkers are elevated in
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patients of duration of (T2DM) for greater than 10 years more than
patients of duration of (T2DM) for less than 10 years and these
differences are significant (p<0.001) for both biomarkers. The
proportions are found in the following table (3-13).

Table (3-13) Comparison of LRG1 and IGFBP7 According to

Duration of T2DM in Patients with Diabetes Mellitus

Duration of T2DM
Biomarker <10 years >10 years
Mean + SD Mean + SD P-value
(n=31) (n=29)
LRG1  (ug/ml) | 0.426%0.155 1.289+0.317 <0.001
IGFBP7 (ng/ml) | 0.518+0.131 1.377+0.276 <0.001

* n: Number of Patients, SD: Standard Deviation, Test: T independent

samples T.test, Differences are significant at P-value< 0.05.

3.14. Comparison Mean Values of LRG1 and IGFBP7

According to Medications in Patients with Diabetes Mellitus
The table (3-14) showed that the mean of (LRG1) for medication by

(Insulin-injection) was (1.216+0.266)g/ml and medication by (Oral-anti
Diabetic drugs ) was (0.928+0.368) ug/ml with p value (<0.001),which

was significant. The table (3-14) also showed that the mean of (IGFBP7)
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, For medication by insulin

injection was (1.402+0.318) ng/ml and

Medication by anti-glycemic drug was (0.966x0.285) ng/ml with p value

(<0.001) , which was significant. The levels for both biomarkers are

Elevated in patients medicated by (insulin-injection) more than patients

medicated by (Oral anti-Diabetic durgs) , and these differences are

significantly (p<0.001).These are proportions found in the following table

(3-14).

Table (3-14) Comparison Mean Values of LRGland IGFBP7

According to Medications in Patients with Diabetes Mellitus

Medications
Biomarker Oral anti-Diabetic| Insulin-injection
drugs Mean £ SD | Mean = SD P-value
(n=42) (n=18)

LRG1

0.928+0.268 1.216+0.266 <0.001
(Hg/ml)
IGFBP7

0.966+0.285 1.402+0.318 <0.001
(ng/ml)

* n: Number of Patients, SD: Standard Deviation, Test: Two independent

samples T.test, Differences are significant at P-value< 0.05
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3.15. Correlation Coefficients of LRG1 with IGFBP7 in

Patients with Diabetes Mellitus

The table (3-15) shows positive relationship an significant correlation

o f (LRG1) with (IGFBP7) in diabetic patients.The correlation coefficient

was (0.887) and p value was (< 0.001), which was significant in the

current study. The proportions are found in the following table (3-15).

Table (3-15) Correlation Coefficients of LRG1 with IGFBP7

in Patients with Diabetes Mellitus

Biomarker

LRG1 [P-value]

IGFBP7 [P-value]

LRG1 (ug/ml)

0.887 [<0.001]

IGFBP7 (ng/ml)

0.887 [<0.001]

* R:Pearson Correlation Coefficient, Relation is significant at P- value<0.05.
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3.16. Correlation Coefficients of Diabetic Tests with LRG1

and IGFBP7 in Patients with Diabetes mellitus
The table (3-16) which explores relationship of LRG1 and IGFBP7

with diabetic tests, it is positive and moderate with FBS and HbAlc,
which was significant (p<0.05). While correlation coefficient of
insulin level with diabetic test are reverse weak and not significant.

The proportions are elucidated in the following table ( 3-16).

Table (3-16) Correlation Coefficients of Diabetic Tests with LRG1
and IGFBP7 in Patients with Diabetes Mellitus.

Biomarker LRG1 P-value IGFBP7 P-value
FBS mg/dl 0.456 <0.001 0.370 0.004
HbA1C % 0.437 <0.001 0.335 0.009
Serum-insulin pU/ml | -0.07 0.572 -0.19 0.153

* R: Pearson Correlation Coefficient, Relation is significant at P- value< 0.05
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3.17. Correlation Coefficients of Lipid Profile with LRG1

and IGFBP7 in Patients with Diabetes mellitus
The table (3-17) that shows the correlation of (LRG1) and ( IGFBP7)

with lipid profiles tests, it is positive and moderate with cholesterol
(p<0.001), positive not significantly weak with triglyceride (p>0.05)
for both the biomarkers. Negative correlation with HDL and significant
(p<0.001), in LDL the correlation coefficient is positive moderate
and significant (p<0.001), but VLDL level has not significant
Correlation coefficient (p>0.05). The proportions are elucidated in the
following table (3-17).

Table (3-17) Correlation Coefficients of Lipid Profile with
LRGL1 and IGFBP7 in Patients with Diabetes Mellitus

Lipid Profile

LRG1 P-value IGFBP7 P-value
Cholesterol mg/dl 0.642 <0.001 0.642 0.001
TG mg/dI 0.092 0.482 0.170 0.193
HDL mg/dl -0.726 <0.001 -0.694 <0.001
LDL mg/dI 0.543 <0.001 0.496 <0.001
VLDL mg/dI 0.094 0.477 0.171 0.191

* R: Pearson Correlation Coefficient, Relation is significant at P- value< 0.05
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3.18. Association of LRG1 and IGFBP7 Levels in Patients
with Control
The table (3-18) that shows the probability of LRG1 and IGFBP7

Levels raising with diabetic patients group more than control
group, and it is statistically significant (p<0.001) for both
biomarkers. The odd ratio for LRG 1 was (5.812) and for IGFBP7
was (5.962) respectively. The proportions are elucidated in the

following table (3-18).

Table (3-18) Association of LRG1 and IGFBP7 Levelsin

Patients with Control

Cl 95%
Biomarker | Odds ratio P-value
Lower Upper
LRG1
5.812 2.2659 6.6527 <0.001
(Hg/ml)
IGFBP7
5.962 2.1360 5.2356 <0.001
(ng/ml)

* Test: Odds Ratio, Cl: Confidenc interval, association is significant at p-

value < 0.05.
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3.19. Roc Test of LRG1 and IGFBP7 in Diabetic

Patients Group

ROC analysis demonstrated strong diagnostic performance for

both biomarkers. LRG1 had an AUC of 0.853 (p<0.001), with

78% sensitivity and 70% specificity at a cut off of 0.76 pg/ml, IGFBP7

had an AUC of 0.856 (p<0.001), with 70% sensitivity and 70%

specificity at a cut off of 0.86 ng/ml . Figures1 and 2 visually support

these findings. The proportions are elucidated in the following table

(3-19).

Table (3-19) ROC Test of LRG1 and IGFBP7 in Diabetic

Patients Group

Biomarker| AUC P-value Cut off Sensitivity | Specificity
LRG1

0.853 | <0.001 0.76 0.78 0.70
(Hg/ml)
IGFBP7

0.856 | <0.001 0.86 0.70 0.70
(ng/ml)

*Roc: Receiver operating characteristic , significant at p <0.05; Area Under

curve
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ROC Curve
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1 - Specificity
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Figure (3-3) Receiver Operating Characteristic (ROC) Curve of LRG1

in Studied Groups

ROC Curve
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1 - Specificity

Figure (3-4) Receiver Operating characteristic (ROC) curve of IGFBP7

in Studied Groups
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4. Discussion

4.1. Demographic and Clinical Characteristics

In the current study, the percentage of male is equal to that of Female
as shown in the table (3-1). In previous study which is showed the
prevalence of type 2 diabetes mellitus is increasing in both sexes,
but men are usually diagnosed ata younger age and lower body fat
mass than women. Worldwide, an estimated 17.7 million more men
than women have diabetes mellitus. Women appear to bear a greater risk
factor burden at the time of their type 2 diabetes diagnosis, especially
obesity .Moreover, psychosocial stress might play a more prominent
role in diabetes risk in women. Across their lifespan, women
experience greater hormone fluctuations and body change due to
reproductive factors than men. [Kautzky et al ., 2023]. The current
study observed that majority of patients fell into the age range of >
60years (31.7%), while the age groups from (31-40) years and from (51-
60) years are accounted for (25.0%). In previous study found elderly..
adults have a much greater occurrence of diabetes type 2 disorders
compared to other demographic Groups. The age is risk factor for Type 2
diabetes mellitus which is increased with advanced of the age due to

increased insulin resistance and reduced insulin secretion[Huang , 2022].
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The current study observed that a significant proportion of patients
were classified as overweight (65.0%) and normal weight (35.0%). In
the previous study observed that increased body fat is likely to promote
T2D by impairing insulin sensitivity,and possibly insulin secretion,
particularly when there is ectopic fat in the liver, muscle, and pancreas.
However, the main organ for glucose disposal, and fat oxidation, is
skeletal muscle, so decreased muscle mass might also be expected to
promote T2D, and conditions with muscle loss or atrophy do exhibit
impaired glucose tolerance [Han et al.,2019].The current study found that
less than half of diabetic patients were smokers. In previous studies
also found that less than half of diabetic patients were smokers [Kar
et al.,2019]. The high levels of nicotine from smoking cigarettes can
make the cells in the body less responsive to insulin which makes the
blood sugar levels higher people with type 2 diabetes mellitus
who are expose to high amounts of nicotine may need to regulate
their blood glucose levels [US. Department of health and human

services ,2021].
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4.2. Distribution of Past Medical History

In the current study, it was found that most of T2DM patients had family
history of T2DM, compared to less than half of the control group had
family history of T2DM as indicated in the table (3-2). In previous
study observed that a family history of type 2 diabetes mellitus in
a first-degree relative including a parent or sibling is a strong independent
risk factor for T2DM, with greater than two-fold excess risk having
an affected parent or sibling compared to non family history. This risk
factor is increased with influenced by both genetic and shared
environmental factors within family [Kral et al ., 2019]. The current
study found that T2DM patients had hyperlipidemia more than half
compared to control group had less than half of hyperlipidemia. In
previous study found that diabetic patients with hyperlipidemia often
manifest marked elevation of low- density lipoprotein (LDL),
triglycerides (TRG), and omega-6 free fatty acids. Elevation of omega-6
polyunsaturated acids in turn contribute to formation of LDL/TRG.
Hyperglycemia is often accompanied by hyperlipidemia in both type 1
and type 2 diabetes with increased total cholesterol and decreased high
density lipoprotein (HDL) [ Zhou etal ., 2015].The current study

observed that T2DM patients had half of hypertension compared to

93



Chapter Four Discussion

control group had less than half of hypertension. In previous study which
is showed high blood pressure in patients with type 2 diabetes mellitus
leads to an increase in blood glucose levels because it makes the blood
vessels less flexible, which effects the regulation of blood glucose levels.
It also makes the body’s cells less responsive to insulin, which leads to
high blood glucose levels in patients with type 2 diabetes mellitus (T2D)
[Pavlou et al., 2018]. In the current study found that T2DM patients had
less than half of physical activity compared to control group had more
than half of physical activity.In previous study which is showed the use
of physical activities in patients with Type 2 diabetes mellitus (T2DM)
leads to a decrease and regulation of blood glucose and fat levels, as well
as reducing the body’s cells resistance for insulin and improving the
sensitivity of the insulin in the body [Tian et al.,2023].The present study,
found the number of (T2DM ) patients with treatment by ( Oral anti-
Diabetic drugs) was (70.0 %) while the number of (T2DM) patients
with treatment by (insulin- injection) was (30.0%) as indicated in Figure
(3-1).The number of (T2DM) patients with duration of (T2DM) from (1
5) year, the proportion was (22%), from (5 - 10) year, the proportion was
(9% ),from (10 - 15) year, the proportion was (14 %) and (> 15) vyear,

the proportion was (15%) as shown in Figure (3-2). These results are
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consistent with the prior study [Mishra et al ., 2021].
4.3. Biomarkers
In current study, it was observed that the mean of (FBS) was
significantly higher in T2DM patients more than control group as
indicated in Table (3-3). In previous study which is showed high levels of
fasting blood sugar in patients with type 2 diabetes mellitus ( T2DM) are
due to several factors, including decreased insulin production by the
pancreas (P - cell), insulin resistance, eating large amounts of
carbohydrates, lack of physical activity and taking some medications
that increase blood glucose levels [Raymond et al., 2023]. In the current
study, it was observed that the mean of (HbAlc) was significantly
higher in T2DM patients more than control group as stated in Table (3-3).
In previous study which is showed glycated hemoglobin increases
due to high blood glucose levels over along period of time which
usually occurs in patients with diabetes or pre-diabetes. This mean that
the blood glucose levels is frequently high, which leads to glucose
binding to the hemoglobin in the red blood cells permanently,
increasing the percentage of glycated hemoglobin [ALzahrani et al.,2019].
The current study, it was observed that the mean of insulin was significantly

lower in T2DM patients compared to control group as indicated in Table
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(3-3). In previous study which is showed that the insulin level in
patients with Type 2 diabetes mellitus (T2DM) is usually low due to
presence defect in B cell of the pancreas which becomes unable to
produce asufficient amount of insulin, which leads to decrease
in the insulin level, or the body’s cells becomes resistant to insulin and
this leads to excess of blood glucose levels [Vazquez Arreolaet al.,
2022].
4.4. Lipid profile
In the present study observed that the mean of serum total cholesterol
correlation was significantly higher in T2DM patients more than control
group as indicated in Table (3-3). In previous study which is showed that
the increase in total cholesterol levels in T2DM patients can be explained
by insulin resistance which disrupts lipid metabolism. Insulin resistance
leads to increased VLDL (very low-density lipoprotein) production in the
liver and decreased lipoprotein lipase activity, which contributes to the
accumulation of LDL and total cholesterol in the blood [Trisnaet al .,
2024]. In the current study observed that the mean of serum (triglyceride,
LDL, VLDL) correlation was significantly higher in T2DM patients more
than Control group as elucidated in Table (3-3).In previous study which is

showed that hyperglycaemia is associated with increased levels of
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lipids in the blood. Hyperglycaemia can affect lipid metabolism
through several mechanisms, including increased lipolysis, increased
triglyceride synthesis, and inhibition of lipoprotein lipase activity.
Additionally, the underlying insulin resistance of T2DM contributes to
dyslipidaemia by increasing VLDL production in the liver and reducing
LDL removal from the circulation[Trisan et al.,2024]. The present study
observed that the mean of serum (HDL) correlation was significantly lower
in T2DM patients compared to control group as indicated in Table (3-3).
In previous study which is showed that low level of HDL-C is frequently
encountered in T2DM, along with hypertriglyceridemia. This decrease
comes under mechanisms that affect both the absolute number of
particles (HDL-P) and their distribution into subclasses of distinct size
or functionality .The causes responsible for lowering HDL-C interact at
multiple levels, from impaired synthesis to abnormal maturation and

increased catabolism of HDLs [Hermans et al.,2017].
4.5. Leucine Rich-Alpha 2 Glycoprotein 1 (LRG1)

In the current study, there was statistically significant difference in the
mean of (LRG1) between T2DM patients and the control group as
indicated in Table (3-4) where observed elevated (LRG1) level in diabetic

group compared to control group. LRGL1 is aprotein that carries a
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negative charge, so it represents an ideal binding site for the
positively charged transforming growth factor beta (TGFp), this binding
results in a defectin function of (TGFB) which is responsible for the
growth, regulation and specialization of (B cells) of the pancreas,
which are responsible for insulin secretion. This leads toa decrease
in insulin secretion and an increase in blood glucose levels [Camilli et
al., 2022]. In the present study observed there was non statistically
significant difference in the mean of LRG1 between male and female
T2DM patients as shown in Table (3-5). In previous study, it was found
that gender had non significant influence on (LRG1) level because
the gender does not affect on (T2DM) disease, this leads to the level of
LRGL1 not being affected by this factor [Gurung et al., 2021]. In the
current study, there was statistically significant difference in the mean of
LRG1between T2DM patients for the factors (age, BMI and smoking)
as indicated in Tables (3-6), (3-7) and (3-8). In previous study, it was
found that (age, BMI and Smoking) had significant influence on LRG1
level because the increase of these factors will an increase the risk of
(T2DM) disease, which leads to an increase in the concentration of LRG1
[Liuet al ., 2021]. The present study observed there was statistically

significant difference in the mean of LRG1 between T2DM patients for
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physical activity where observed that serum (LRG1) level in T2DM
patients with absence physical activity more than those T2DM patients
with presence physical activity as stated in Table (3-9). The prior study
, It was found that (physical activity) had significant influence on LRG1
concentration because the presence this factor will a decrease of risk
(T2DM) disease , which leads to a decrease in the level of LRG1[Organ
et al., 2022]. The present study observed there was non statistically
significant difference in the mean of LRG1 between T2DM patients for
family history as indicated in Table (3-10). The prior study, it was
found that (family history) had non significant influence on LRG1 level
because family history does not affect on (T2DM) severity, this leads to
the level of LRG1 not being affected by this factor [Gur et al.,2021]. The
current study observed there was statistically significant difference in
the mean of LRG1 between T2DM patients for (hypertension,
hyperlipidemia and duration of T2DM) as shown in Tables (3-11),
(3-12) and (3-13). In previous study , it was found that ( hypertension,
hyperlipidemia and duration of T2DM) had significant influence on
LRG1 level because the increase of these factors will an increase of risk
(T2DM) disease, which leads to an increase in the level of LRG1 [Liu et

al.,2021]. The present study, there was statistically significant difference
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in the mean of LRG1 between T2DM patients for (medication) where
observed that serum (LRG1) level was in T2DM patients treated with
insulin more than those treated with (Oral anti-diabetic drugs) as indicated
in Table (3-14). This due to the glucose levels in T2DM patients treated
with (insulin) more than those treated with (Oral-anti diabetic drug). This
leads to elevated serum (LRG1) level in T2DM patients treated with
insulin more than those treated with (Oral-anti diabetic drugs)[Liu et al.,
2017]. In the present study, there was positive relation and significant
correlation between biomarkers (LRG1) and (IGFBP7) in diabetic patients
as indicated in Table (3-15) because both biomarkers are significant
positive correlation with (T2DM) disease. The current study, observed that
(LRG1) level has significantly correlated with (fasting blood sugar and
glycated heamoglobin) but it was non significant correlated with (serum-
insulin) as indicated in Table (3-16). In previous study found that serum
(LRG1) level was significant positive correlation with (fasting blood sugar
and glycated heamoglobin) while it was non significant correlation with
(serum-insulin) [Morales et al., 2024].The current study, observed that
(LRG1) level was significant positive correlation with (total-cholesterol
and LDL-C) while it was significant negative correlation with (HDL-C)

in addition to, it was non significant correlation with (triglyceride and
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VLDL-C) as stated in Table (3-17). In prior research, found that increased
of fats causes insulin resistance which disrupts lipid metabolism which
leads to increased VLDL producion in the liver and decreased lipoprotein
lipase activity which contributed to the accumulation of LDL and total
cholesterol. This leads to excess blood glucose levelsand (LRG1) level
[Trisnaetal.,2024]. In the current study, there was statistically significant
association between (LRG1) and (T2DM) where observed raised of LRG1
level in diabetic patients compared to control group. Odd ratio (OR) was
(5.812) with p value (<0.001) as shown in Table (3-18). In research prior
observed there was statistically significant association between (LRG1)
level and (T2DM). Odd ratio indicated to the strength association between
(LRG1) level and (T2DM) [Low et al.,2024].The present study observed
that (Roc analysis) of LRG1ldemonstrated strong diagnostic performance
that had an AUC of (0.853), p value (<0.001) with sensitivity was (0.78)
and specificity was (0.70) at a cut off of (0.76) as elucidated in Table (3-
19) and figure (3-3). The prior researches, found that the results are
indicated to the strong diagnostic performance for (LRG1) in (T2DM)

patients [Chen et al ., 2019].
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4.6. Insulin-Like Growth Factor Binding Protein 7(IGFBP7)

In the current study, it was observed that the mean of diabetic group was
significantly higher in (T2DM) patients more than control group as shown
in table (3-4). In previous study which is showed increased (IGFBP7) level
have been found in the plasma of (T2DM) patients and described as
statistically significant predictors of type 2 diabetes mellitus (T2DM) due
to elevated of (IGFBP7) gene in islets of the pancreas for diabetic group
more than control group as well as (IGFBP7) reduced of insulin secretion
through impaired P21-activated kinasel(PAKZ2)function which participated
in insulin secretion from pancreas cells. Serum (IGFBP7) levels are
increases with increase of insulin resistance for T2DM patient [Westholm
et al.,2024]. In the current study, observed there was non statistically
significant difference in the mean of (IGFBP7) between male and female
(T2DM) patients as indicated in Table (3-5). In previous study unlike
with present study, it was found elevated serum (IGFBP7) levels in men
more than women due to (IGFBP7) DNA methylation levels were
associated with (T2DM) in men but not in women [Gu et al.,2023]. In the
current study, there was statistically significant difference in the mean of
IGFBP7 between T2DM patients for the factors (age, BMI and smoking)

as indicated in Tables (3-6), (3-7) and (3-8). In previous study, it was
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found that (age, BMI and Smoking) had significant influence on IGFBP7
level because the increase of these factors will an increase the risk of
T2DM disease, which leads to an increase in the concentration of IGFBP7
[Godinaetal.,2021].The present study observed there was statistically
significant difference in the mean of IGFBP7 betweenT2DM patients for
physical activity where observed that serum IGFBP7 level in T2DM
patients with absence physical activity more thanthose T2DM patients
with presence physical activity as stated in Table (3-9). The prior study,
itwas found that (physical activity) had significant influence on IGFBP7
concentration because the presence this factor will a decrease of risk
(T2DM) disease, which leads to a decrease in the level of IGFBP7. The
exercise has protective effects by inducing the pancreatic beta cells to
increase insulin secretion, thereby activating the insulin signaling path-
way, upregulating GLUT-4 expression, and enhancing intracellular
energy metabolism where it facilitates glucose uptake and utilization by
the body’s cells [Seo et al ., 2019]. The present study observed there was
no statistically significant difference in the mean of IGFBP7 between
T2DM patients for family history as indicated in Table (3-10). The prior
study, it was found that (family history) had non significant influence on

IGFBP7 level because family history does not affect on (T2DM) severity,
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This leads to the level of IGFBP7 not being affected by this factor
[Lisowska et al.,2019]. The current study observed there was statistically
significant difference in the mean of IGFBP7 between T2DM patients
for (hypertension, hyperlipidemia and duration of T2DM) as shown in
Tables (3-11), (3-12) and (3-13). In previous study, it was found that
(hypertension, hyperlipidemia and duration of T2DM) had significant
influence on IGFBP7 level because the increase of these factors will an
increase of risk (T2DM) disease, which leads to an increase in the level
of IGFBP7 [Zhu et al.,2024]. In the present study, there was statistically
significant difference in the mean of IGFPBP7 between T2DM patients
for (medication) where observed that serum (IGFBP7) level was in T2DM
patients treated with (insulin) more than those treated with (anti-glycemic
drug) as indicated in Table (3-14). This due to the glucose levelsin T2DM
patients treated with insulin more than those treated with (Oral anti-
diabetic drugs) . This leads to elevated serum IGFBP7 level in T2DM
patients treated with (insulin) more than those treated with (Oral anti-
diabetic drugs) [Al-Qerem et al.,2021].In the present study, there was
positive relation and significant correlation between biomarkers (LRG1)
and (IGFBP7) in diabetic patients as indicated in Table (3-15) because both

biomarkers are significant positive correlation with (T2DM) disease.
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The current study, observed that serum IGFBP7 level has significantly
correlated with (fasting blood sugar and glycated heamoglobin) but it
was non significant correlated with (serum- insulin) as indicated in Table
(3-16). In previous study found that serum (IGFBP7)level was significant
positive correlation with (fasting blood sugar and glycated heamoglobin)
but it was non significant correlation with (serum-insulin) [AL-fartosy

et al.,2017].The present study, observed that (IGFBP7) was significant
Positive correlation with (total - cholesterol and LDL-C) while it was
significant negative correlation with (HDL-C) in addition to, it was non
significant correlation with (triglyceride and VLDL-C) as stated in Table
(3-17). In prior research, found that increased of fats causes insulin

resistance which disrupts lipid metabolism which leads to increased
VLDL production in the liver and decrease lipoprotein lipase activity
which contributed to the accumulation of LDL and total cholesterol.
This leads to excess blood glucose levels and (IGFBP7) level [Trisna
etal., 2024]. In the current study, there was statistically significant
association between IGFBP7 and (T2DM) where observed raised of
IGFP7 Level in diabetic patients compared to control group. Odd ratio
(OR) was (5.962) with p value (<0.001) as shown in Table (3-18). In

research prior observed there was statistically significant association
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between (IGFBP7) level and (T2DM). Odd ratio indicated to
the strength association between (IGFBP7) level and (T2DM) [Lietal .,
2024]. The present study observed that (ROC analysis) of ( IGFBP7)
demonstrated strong diagnostic performance that had an AUC of (0.856),
p value (<0.001) with sensitivity was (0.70) and specificity was (0.70) at
a cutoff of (0.86) as elucidated in Table (3-19) and Figure (3-4).The prior
researches, found that the results are indicatedto the strong diagnostic

performance for (IGFBP7) in (T2DM) patients [Zhu et al ., 2024].
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5. Conclusions and Recommendations

5.1. Conclusions

From all data and correlations of different variables in the present
study, it could be concluded that
1. Both (LRG1) and (IGFBP7) are valuable biomarkers in predictive and
development of (T2DM) patients as well as they were considered as risk
factors for development of (T2DM) patients.
2. Significantly elevated serum levels of both biomarkers (LRG1) and
(IGFBP7) were observed in (T2DM) patients compared to control group
, suggesting that their potential role in identifying the progression and
and development of type 2 diabetes mellitus (T2DM).
3.There was statistically significant differences in biomarkers Level
which are found across demographic variables (age, BMI and smoking)
while there was non statistically significant differences in biomarkers
levels with (sex).
4. ROC analysis demonstrated strong diagnostic performance for both
(LRG1) and (IGFBP7) in distinguishing (T2DM) patients from

Control group.
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5.2. Recommendations

This study recommends that it is necessary to:

1. Increase the sample size which is used in measurement of both
biomarkers (LRG1) and (IGFBP7) and other parameters to avoid
occurrence the problems in the tests.

2. Study strong association between both biomarkers (LRG1) and

(IGFBP7) in other diseases such as retinitis.

3. 1t is recommended to use of both biomarkers (LRG1) and (IGFBP7)

in predictive and progression of patients with type 2 diabetes mellitus

(T2DM).

108



References



References

e Ahima, R. S. (2018) ,Connecting obesity, aging and diabetes. Nat. Med.
PloS one journal, 15, 996-997.
e Ahmed, H. Z. Huri, Z. A I- Hamodi, S. D. Salem, B. Al- absi and S.

Muniandy (2016). "Association of DPP4 gene polymorphisms with
type 2 diabetes Mellitus in Malaysian subjects.” PloS one journal 11(4):
211-213.

e Ahmed, M. and Munir, S; (2023) diabetes mellitus ; significance of
HbALc determination patient.Profesional medical journal,22(8).

e Akalu, Yonas; Birhan, Ambaye.(2020) "Peripheral Arterial Disease
and Its Associated Factors among Type 2 Diabetes Mellitus Patients at
Debre Tabor General Hospital, Northwest Ethiopia. Journal of
Diabetes Research 67- (9).

e Al-Fartosy, A. J., & Mohammed, I. M. (2017). Study the biochemical
correlation of insulin resistance with HbAlc and sex hormones in
NIDDM patients/Meisan-Irag. Journal of Diabetes Mellitus,7(4), 30-3

e Ali NSM, Allela OQ, Salih H M, Ahmed IH (2024). Prevalence of
Type 2 diabetes associated complications in Kurdistan region Irag.
Journal Basic Clinical pharmacy; 9(2):263.

e Ali O. (2021) Genetics of type 2 diabetes. World Journal Diabetes.;
4(4)114-123. d0i:10.4239/wjd. yv4.i4.114

e Allalou, A., Nalla, A., Prentice, K.J., Liu, Y., Zhang, M., Dai, F.F.,
Ning, , X; OsborneL.R., Cox, B.J., Gunderson, E.P. and Wheeler,
M.B.(2016) predictive metabolic signature for the transition from
gestational diabetes mellitus to type 2 diabetes. Diabetes,;65(9):529-2

109



References

e Al-Qerem, W., Jarab, A. S., Badinjki, M., Hyassat, D., & Qargaz, R.
(2021). Exploring variables associated with medication non-adherence
In patients with type 2 diabetes mellitus. PLoS Journal One, 16(8), 67

e Al-Sofiani, M. E., Ganji, S. S. & Kalyani, R. R (2019). Body
composition changes in diabetes and aging. Journal Diabetes
Complications 33, 451-459.

e Al-zahrani, S. H., Baig, M., Aashi, M. M., Al-Shaibi, F. K., Algarni,
D. A., & Bakhamees, W. H. (2019). Association between glycated
hemoglobin (HbAlc %) and the lipid profile in patients with type 2
diabetes mellitus at a tertiary care hospital: a retrospective study.
metabolic syndrome and obesity, targets and therapys Diabetic of
Journal,1639-1644 .

e Amati, F. et al (2016). Physical inactivity and obesity underlie the
insulin resistance of aging. Diabetes Care, Journal of IDF Diabetes
Atlas,32, 1547-1549.

e American Diabetes Association. (2022), Lifestyl Management.
Diabetes Care and ethnicity effect, PloS one journal, 40(1): 33-43.

e America Diabetes Association. (2017), Microvascular complications
and foot care. Diabetes Care, 40(Supplement 1) Journal of Diabetes
Research, pp. 88-567.

e American Diabetes Association. (2021), Standards of Medical Care in
Diabetes; Chapter 12, older adults. Diabetes Care (Suppl) Annals of
the New York Academy of Journal Sciences, S168-S179.

e Association, A. D. (2018), Classification and diagnosis of diabetes
Diabetes Care, Journal of IDF Diabetes Atlas; 40: S11-S24.

110



References

e Astrup, A. and Finer, (2017) N. Redefining type 2 diabetes:
“diabesity” or “obesity dependent diabetes mellitus”? Obese Rev.,
PloS one journal : 1(2): 5759.

e Azad, M. B., et al. (2017) Diabetes in pregnancy and lung health in
offspring: developmental origins of respiratory disease. Pediatric
respiratory reviewes, Scholars Journal Applied Med Sciences 21:11.

e Bacos, K., Perfilyev, A., Karagiannopoulos, A., Cowan, E., Ofori,
J.K., Bertonnier-Brouty, L., Ro'nn, T., Lindgvist, A., Luan, C.,
Ruhrmann, S., et al. (2023) Type 2 diabetes candidate. genes,
including PAX5, cause impaired insulin secretion in human pancreatic
islet J. Clin. Invest. Scholars Journal Applied Med Science,133,
e163612. https://doi.org/ 10.1172/jci163612.

e Balboa, D., Barsby, T., Lithovius, V, Saarima’ki-Vire, J., Omar-
Hmeadi, M., Dyachok, O., Montaser, H., Lund, P.E., Yan M., Ibrahim,
H., etal.. (2022), Functional, metabolic and transcriptional maturation
of human pancreatic islets derived from stem cells. Nat. Journal of
biochemistry, 1042—-1055.

e Basanta-ALARIO, Maria Luisa, et al. (2016), Differences in clinical
and biological characteristics and prevalence of chronic complications
related to aging in patients with type 2 diabetes.Journal of
Endocrinology and Nutrition (English Edition), 63(2): 79-86.

e Baxter, R.C. (2021), Insulin-like growth factor(IGF)-binding proteins:
interactions with IGFs and intrinsic bioactivities. Am. Journal of
Physiology Endocrinol Metabolism, 278, E967-E976. https://
doi.org/10.1152/ajpendo.2000.278.6.E967.

111



References

Berbudi A, Rahmadika N, Tjahjadi Al, Ruslami R. ( 2022), Type 2
Diabetes and its Impact on the Immune System. Curr Diabetes Rev.
16(5): doi:10.2174/1573399815666191024085838 442-44Boucher,
Jeremie, kleinridders A, kahn C. Ronald. insulin receptor signaling
in normal and insulin-resistant states. Cold spring harbor perspectives
biology. Diabetologia of journal ,6(1): a009191.

Boulton, Andrew JM. .( 2016) Diabetic neuropathy: is pain God’s
greatest gift to mankind?. In Seminars in vascular surgery. Journal of
wsaunders , 25(2): 6165.

Bray, George A., et al. (2022) Management of obesity. The Lancet,
Journal of IDF Diabetes Atlas ,387.10031: 1947-1956.

Buffa, R., Floris, G. U., Putzu, P. F. & Marini, (2021) E. Body
composition variations in ageing. Coll Antropol, Diabetes Academy of
Journal science, 35, 259-265.

BURTIS, Carl A.; BRUNS, David E. (2021). Tietz fundamentals of
clinical chemistry and molecular diagnostics-e-book. Journal of
Elsevier Health Sciences, 564-432.

Burton, D. G. A. & Faragher, R. G. A. (2018), Obesity and type-2
diabetes as inducers of premature cellular senescence and ageing.
Biogerontology, Journal Basic Clinical pharmacy,547-678.
Callaghan, Brian C., et al. ( 2020), Diabetic neuropathy: what does the
future hold?. Diabetologia of Journal; 63(5): 891-897.

Camilli, C., Hoeh, A. E., De Rossi, G., Moss, S. E., & Greenwood,
(2022) J. LRGL1: an emerging player in disease pathogenesis. Journal
of Biomedical Science, 29(1), 67.

112



References

Carmichael, R.E., Wilkinson, K.A. & Craig, T.J. (2019)
Insulindependent GLUT4 trafficking is not regulated by protein
SUMOylation in L6 myocytes. Sci Rep 9 Scholars Journal Applied
Med Sciences, 6477

Center for Disease Control. (2020), National Diabetes Statistics Report
Chang, A. M., Smith, M. J., Galecki, A. T., Bloem, C. J. & Halter, J.
B. (2016), Impaired beta- cell function in human aging: response to
nicotinic acid- induced insulin resistance. Journal of Clin. Endocrinol.
Metab 91, 3303-33009.

Chatterjee, Sudesna; Khunti, Kamlesh; Davies, M.J. (2017) Type 2
diabetes. the Lancet, Diabetes Academy of Journal science
;389, 2239-2251.

Chen, C., Chen, X., Huang, H., Han, C., Qu, Y., Jin, H., ... & Xu, X.
(2019) Elevated plasma and vitreous levels of leucine- rich- o2-

glycoprotein  are  associated  with  diabetic  retinopathy
progression. Acta Ophthalmological, Journal of IDF diabetes atlas
, 97(3), 260-264.

Cheung, Bernard MY LI, Chao. ( 2016); Diabetes and hypertension:
Is there a common metabolic pathway?. Current atherosclerosis reports
; 14(2): 160-166.

Chia, C. W., Egan, J. M. & Ferrucci, L. (2018) Age- related changes
in glucose metabolism, hyperglycemia , and cardiovascular risk.
Diabetes Academy of Journal science,123, 88 904 .

Cho, NH1, et al. (2018). IDF Diabetes Atlas: Global estimates of
diabetes prevalence and projections for 2045. Diabetes research and
clinical practice Journal; 138: 271-281.

113



References

Cohen, M., S. Calanna, A. H. Sparre-Ulrich, P. L, (2019). Kristensen,
M. M. Rosenkilde. "Glucose-dependent insulinotropic polypeptide
augments glucagon responses to hypoglycemia in type 1 diabetes.
Diabetes:DB. Diabetes Academy of Journal science,323-89.

Conn, V. S., Minor, M. A., Burks, K. J., Rantz, M. J. & Pomeroy, S.
H. (2016) Integrative review of physical activity intervention research
with aging adults. Journal Basic Clinical pharmacy, 511159-1168.
Crescioli, C. (2020), Targeting age- dependent functional and
metabolic decline of human skeletal muscle: the geroprotective role of
exercise, myokine IL-6, and vitamin D. Int. Journal , Mol. Sci. 21,
1010.

Cruz- Jentoft, A. J. et al. (2022), Sarcopenia: revised European
consensus on definition and diagnosis , Age Ageing .PloS one journal,
48 601.

De Araujo, I. M., C. E. Salmon, A. K. Nahas, M. H. Nogueira-Barbosa,
(2017), "Marrow adipose tissue spectrum in obesity and type 2, PloS
one journal.34-67.

Deacon, Carolyn F. (2019), Physiology and Pharmacology of DPP-4
in Glucose Homeostasis and the Treatment of Type 2 Diabetes.
Frontiers Endocrinology of Journal; 10: 80diabetes mellitus.”
European journal of endocrinology,123-67.

Defronzo Ralph A., Abdul-Ghani Muhammad. (2023), Assessment
and treatment of cardiovascular risk in prediabetes: impaired glucose
tolerance and impaired fasting glucose. The American Journal of
Cardiology., 108(3):342-678.

114



References

DeFronzo, R. A. (2022), Pathogenesis of type 2 diabetes mellitus.
Med. Clin. North. Am. Diabetologia of journal, 88, 787—835
DeMeyts, P. (2015) In The Insulin Receptor and Its Signal
Transduction Network, K.R. Feingold, B. Anawalt, M.R. Blackman,
A. Boyce G. Chrousos, Journal of IDF Diabetes Atlas,434-98.
Diagnosis and classifications of diabetes mellitus.(2022), classified of
diabetes mellitus ,Journal of Diabetes care. 35(Supplement 1):S11-
S61.

Diaz Ana, et al, (2019) , Sex Differences in Age-Associated Type
Diabetes in Rats - Role of Estrogens and Oxidative Stress.Oxidative
Medicine and Cellular Longevity, PloS one journal. 13.67-987.

Ding, Lin, et al.(2017), The cardiometabolic risk profile of Chinese
adults with diabetes: a nationwide cross-sectional survey. Journal of
Diabetes and its Complications, , 31(1): 43-52.

Dolan J, Walshe K, Alsbury S, Hokamp K, O’Keeffe S, Okafuji T, et
al. (2022) The extracellular leucine-rich repeat superfamily; a
comparative survey and analysis of evolutionary relationships and
expression patterns. BMC Genomics. Journal of biochemistry. 8:320.
Doody NE, Dowejko MM, Akam EC, Cox NJ, Bhatti JS, Singh P,
Mastana SS,(2021). The Role of TLR4, TNF-a and IL-1p in Type 2
Diabetes Mellitus Development within a North Indian Population. Ann
Hum Genet. PloS one journal. Jul; 81(4): 141-146.

Druhan LJ, Lance A, Li S, Price AE, Emerson JT, Baxter SA, et al. (
2017), Leucine rich alpha-2 glycoprotein: a novel neutrophil granule
protein and modulator of myelopoiesis. PLoS One Journal , 170261.

115



References

Edgar, L., Akbar, N., Braithwaite, A.T., Krausgruber, T., Gallart-
Ayala, H., Bailey, J., Corbin, A.L., Khoyratty, T.E., Chai, J.T.,
Alkhalil, M., et al. (2021). Hyperglycemi Induces Trained Immunity
in Macrophages and Their Precursors and Promotes Atherosclerosis.
Scholars Journal Applied Med Sciences,34-98.

Esmeijer, K., Schoe, A., Ruhaak, L.R., Hoogeveen, E.K., Soonawala,
D., Romijn, F.P.H.T.M., Shirzada, M.R., van Dissel, J.T., Cobbaert,
C.M., and de Fijter, J.W. (2021). The predictive value of TIMP-2 and
IGFBP7 for kidney failure and 30-day mortality after elective cardiac
surgery. Diabetologia of journal ,56-34.

Esser, Nathalie, et al. (2023), "Inflammation as a link between obesity,
metabolic syndrome and type 2 diabetes. Diabetes research and
clinical practice of Journal. 105(2): 141-150.

Evdokimova, V., Tognon, C.E., Benatar, T., Yang, W., Krutikov, K.,
Pollak, M., Sorensen, P.H.B., and Seth, A. (2023). IGFBP7 binds to
the IGF-1receptor and block sits activationby insulin-like growth
factors. Sci. Signal. PloS one journal, 5,ra92.

Ferrannini, E. et al. (2017). Insulin action and age. European Group
for the Study of Insulin Resistance (EGIR). Diabetes Academy of
Journal, 45- 947.

Ferreira JP, Verdonschot J, Collier T, et al. (2019),Proteomic profie
sand mechanistic pathway of progression to heart failure. Circ Heart
Fail Diabetologia of journal.45-54.

Forbes JM, Cooper ME. ( 2023), Mechanisms of Diabetic
Complications. Physiol Rev. The New York Academy of Journal
Sciences (1): 137-188.

116



References

Fowkes, F. Gerald R., et al. (2022), Comparison of global estimates of
prevalence and risk factors for peripheral artery disease in 2000 and
2010: a systematic review and analysis of Journal ; 382(9901): 1329-
1340.

Frimpong, Ebenezer; NLOOTO, Manimbulu. (2020),Management of
Diabetes and Hypertension among Tswana and Zulu Health
Practitioners: A Comparative CrossSectional Study Using a Mixed-
Methods Approach. African Journal of Biomedical Research, 23(2):
135-146.

Gilbert, R.E. and Cooper, M.E, (2019). The tubulointerstitium in
progressive diabetic kidney disease: more than an aftermath of
glomerular injury. Kidney International. IDF Diabetes Atlas of
Journal ; 56(5): 16271637.

Godina, C., Khazaei, S., Tryggvadottir, H., Visse, E., Nodin, B.,
Jirstréom, K., ... & Jernstrom, (2021). H.. Prognostic impact of tumor-
specific insulin-like growth factor binding protein 7 (IGFBP7) levels
in breast cancer: a prospective cohort study. Carcinogenesis, Diabetes
Academy of science of Journal,42(11), 1314-1325.

Godino, J. G. et al. (2017). Diabetes, hyperglycemia, and the burden
of functional disability among older adults in a community- based
study. J. Diabetes. Scholars Journal Applied Med Sciences. 9, 76-84.
Goldman L, Schafer Al. ( 2016), Goldman-Cecil Medicine, 25th
Edition. Volume 1. Chapter 229. Saunders Elsevier : pp. IDF diabetes
atlas,1527.

Goni, L., M. Garcia-Granero, F. I. Milagro, M. Cuervo and J. A.
Martinez (2018). "Phenotype and genotype predictors of BMI

117



References

variability among European adults.” Nutrition & Diabetes of Journal.
8(1): 27.

e Graham Timothy E., et al. (2021),Retinol-Binding Protein 4 and
Insulin Resistance in Lean, Obese, and Diabetic Subjects. New
England journal of Medicine. 354(24): 2552-2563.

e Greenfield, Jerry R., and Lesley V. (2022) ,Campbell. Relationship
between inflammation, insulin resistance and type 2 diabetes: cause or
effect?. Current diabetes reviews of Journal.; 2(2): 195-211.

e Groen, B. B. et al. (2016). Skeletal muscle capillary density and
microvascular function are compromised with aging and type 2
diabetes. Journal of Appl. Physiol. 116, 998-1005 .

e Gu HF, Gu, T, Hilding A, Zhu Y, Karvestedt L, Ostenson CG ,et.al,
Brismar K . .(2023). Evaluation of IGFBP-7 DNA methylation
changes and serum protein variation in Swedish subjects with and
without type 2 diabetes. Clinical epigenetics of journal. 5(1), 20.

e Gu, H.F., Gu, T., Hilding, A., Zhu, Y., Ka “rvestedt, L., Ostenson,
C.G,, Lai, M., Kutsukake, M., Frystyk, J., Tamura, K., and Brismar,
K. (2015). Evaluation of IGFBP-7 DNA methylation changes and
serum protein variation in Swedish subjects withand without type 2
diabetes of Journal.. 5, 20.

e Gujral, Unjali P.; KANAYA, Alka M. ( 2021) Epidemiology of
diabetes among South Asians in the United States: lessons from the
MASALA study. Annals of the New York Academy of Journal
Sciences; 1495(1): 24-309.

e Gurung, R. L., Dorajoo, R., M, Y., Liu, J. J., Pek, S. L. T., Wang, J.,

... & Lim, S. C. (2021). Association of genetic variants for plasma

118



References

LRG1 with rapid decline in kidney function in patients with type 2
diabetes. The  Journal  of  Clinical Endocrinology &
Metabolism, 106(8), 2384-2394.

e Haghnazari L, Sabzi R. (2021), Relationship between TP53 and
interleukin-6 gene variants and the risk of types 1 and 2 diabetes
mellitus development in the Kermanshah province. Journal of Med
Life. Jan-Mar; 14(1): 37-44. doi: 10.25122/jmI-20190150.

e Han, T. S., Al-Gindan, Y. Y., Govan, L., Hankey, C. R., & Lean, M.
E. J. (2019). Associations of BMI, waist circumference, body fat, and
skeletal muscle with type 2 diabetes in adults. Acta diabetologica of
Journal, 56(8), 947-954.

e Hanson, C., E. P. Rutten, E. F. Wouters and S. Rennard (2016).
"Influence of diet and obesity on COPD development and outcomes."
International journal of chronic obstructive pulmonary disease 9: 723.

e Hatting and Tavavers M. E., A. D. Attie and S. B. Biddinger (2023).
"The regulation of Apo B metabolism by insulin." Trends in
Endocrinology & Metabolism of Journal, 24(8): 391

e Haupt H, Baudner S. .( 2017) Isolation and characterization of an
unknown, leucine-rich 3.1-S-alpha2-glycoprotein from human serum
(author’s transl). Hoppe Seylers Z, Physiol and Chemistry of
journal;358(6):639-46.

e Heald, A.H., Siddals, K.W., Fraser, W., TaylorW., Kaushal, K.,
Morris, J., Young, R.J., White,A., and Gibson, J.M. (2022). Low
circulatinglevels of insulin-like growth factor bindingprotein-1

(IGFBP-1) are closely associatedwith the presence of macrovascular

119



References

diseaseand hypertension in type 2 diabetes mellitus. Diabetes
Academy of Journal science,67-89.

e Heart disease and stroke statistics. (2019),update: a report from the
American Heart Association of Journal; 139: 516-528.

e Hedbacker, K., Birsoy, K., Wysocki, R.W.,Asilmaz, E., Ahima, R.S.,
Farooqi, 1.S., an Friedman, J.M. (2020). Antidiabetic effects of
IGFBP2, a leptin-regulated gene. CellMetabol. Biochemistry of
Journal,87-56.

e Hermans, M. P., Amoussou-Guenou, K. D., Bouenizabila, E., Sadikot,
S. S, Ahn, S. A, & Rousseau, M. F. (2017). Size, density and
cholesterol load of HDL predict microangiopathy, coronary artery
disease and B-cell function in men with T2DM. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews of Journal , 11(2), 125-131.

e Hojlund, Kurt. (2017) Metabolism and insulin signaling in common
metabolic disorders and inherited insulin resistance. Journal Dan
Med,) ; 61(7).

e Honda H, Fujimoto M, Serada S, et al. (2018),Leucine-rich a-
2glycoproteinpromoteslungfibrosis by modulating TGF-b signaling in
fibroblasts. Physiol Rep of Journal ;5: e13556.

e Hong Q, Zhang L, Fu J, etal. (2019) , LRG1 promotes diabetic kidney
disease progression by enhancing TGF-b-induce dangiogenesis.
Journal of Diabetes; 30:546-562.

e Hossain, A., F. Yamaguchi, T. Matsuo, I. Tsukamoto, Y. Toyoda et al
(2015)."Rare sugar D-allulose: Potential role and therapeutic
monitoring in maintaining obesity and type 2 diabetes mellitus."

Pharmacology & therapeutics Journal, 155: 49-509.

120



References

Hu, C. and Jia, W. (2018) Diabetes in China: epidemiology and
genetic risk factors and their clinical utility in personalized medication.
Diabetes of Journal,; 67(1)

Huang, L., Wu, P., Zhang, Y., Lin, Y., Shen, X., Zhao, F., & Yan, S.
(2022). Relationship between onset age of type 2 diabetes mellitus and
vascular complications based on propensity score matching
analysis. Journal of Diabetes Investigation, 13(6), 1062-1072.
Huang, Xingjun, et al. (2018), The PI3K/AKT pathway in obesity and
type 2 diabetes. International journal of biological sciences,; Induced
Renal Tubular Epithelial 14(11): 1483.

Internatinonal diabetes federation. (2020). "IDF DIABETES ATLAS
9th 2019." International Diabetes Federation, Brussels, Belgium.56-7.
International Congress of Nutrition. Granada, Spain. (2016)
September 15-20, Ann Nutr Metab of Journal. ;63 Suppl 1:1-1959.
d0i:10.1159/000354245.

International Diabetes Federation, (2017). NANDAN, Shivnath; RAO,
M. Madan Mohan; OBULESU, G. The study of diabetic complications
in patients of newly diagnosed type 2 diabetes mellitus of journal,76.
Internatonal diabetes federation.(2017), IDF diabetes atlas of Journal,
8th edition. International Diabetes Federation, 905-911.

Jakobsen , O.AJ. and Szereday, L. (2018), The “Three Amigos”
lurking behind type 1 diabetes: hygiene, gut microbiota and viruses.
Acta microbiologica et immunologica Hungarica of Journal,; 65(4):
Javaid F, Pilotti C, Camilli C, Kallenberg D, Bahou C, Blackburn J, et
al. (2018). Leucine-rich alpha-2-glycoprotein 1 (LRG1) as a novel
ADC target. RSC Chem Biol Journal.;2(4):1206-20.

121



References

Jemmerson R.(2021),Paradoxical roles of leucine-rich «2-
glycoprotein-1 in cell death and survival modulated by transforming
growth factor-beta 1 and cytochrome c. Front Cell Dev Biol of Journal.
744908.
Joshi, Shashank R., Parikh, Rakesh M. and Das A. K., (2017). Insulin
-History, Biochemistry, Physiology and Pharmacology. Journal
association of physicians of India; 55: 19.

Journal Basic Clinical pharmacy(2020), 4327.
Jude, E.B., Eleftheriadou, I.; and Tentolouris, N. ( 2023), Peripheral
arterial disease in diabetes—a review. Diabetic medicine. Journal
Basic Clinical pharmacy ,27(1): 4-14.

Kahn Steven E., Cooper Mark E., Del Prato, Stefano,(2018),
Pathophysiology and treatment of type 2 diabetes: perspectives on the
past, present, and future. The Lancet; 383(9922): 1068-1083.
Kallenberg D, Tripathi V, Javaid F, Pilotti C, George J, Davis S, et al.(
2020), A Humanized Antibody against LRG1 that Inhibits
Angiogenesis and Reduces Retinal Vascular Leakage. BioRxiv of
Journal. 55:137.

Kanowski, H; Abe, M; Yoshida, Y; Suzuki, H, Maruyama, N. and
okada, K;(2021). Glycated albumin verses Glycated hemoglobin as a
Glycemic Indicator in diabetic patients on Peritoneal
Dialysis.International journal of molecular sciences,17(5), p.619.
Kaprio, J., et al. ,( 2022). Concordance for type 1 (insulin-dependent)
and type 2 (non-insulindependent) diabetes mellitus in a population-
based cohort of twins in Finland. Diabetologia of Journal, 35(11),
1060-1067.

122



References

Kar, D., Gillies, C., Nath, M., Khunti, K., Davies, M. J., & Seidu, S.
(2019). Association of smoking and cardiometabolic parameters with
albuminuria in people with type 2 diabetes mellitus: a systematic
review and meta-analysis. Acta diabetologica of Journal, 56(8), 839-
850.

Karakelides, H., Irving, B. A., Short, K. R., O’Brien, P. & Nair, K. S.
(2018). Age, obesity, and sex effects on insulin sensitivity and skeletal
muscle mitochondrial function. Journal of Diabetes, 59, 89-97 .
Kasper DL, Fauci AS, Hauser SL, Longo DL, Jameson JL, Loscalzo
J. (2015). Harrison’s Principles of Internal Medicine. 19th Edition,
McGraw-Hill Education; 78-98.

Kaushal, K., Heald, A.H., Siddals, K.W.,Sandhu, M.S., Dunger, D.B.,
Gibson, J.M.,and Wareham, N.J. (2016). The impact ofabnormalities
in IGF and inflammatory systems. Journal of Diabetes mellitus,87-65.
Kautzky-Willer, A., Leutner, M., & Harreiter, J. (2023). Sex
differences in type 2 diabetes. Diabetologia of Journal,66(6), 986-
1002.

Khan burden of disease and forecasted trends. (2020),Journal of
epidemiology and global health, 10(1): 107.

Khan, H. A, Ola, M. S., Alhomida, A. S., Sobki, S. H., & Khan, S. A.
(2018). Evaluation of HbAlc criteria for diagnosis of diabetes
mellitus: a retrospective study of 12 785 type 2 Saudi male
patients. Endocrine research of Journal, 39(2), 62-66.

Khemayanto, H. and Shi, B. (2023) , Role of Mediterranean diet in
prevention and management of type 2 diabetes. Chin Med J (Engl),;
127(20), 36513656.

123



References

Kobe B, Kajava AV. (2021). The leucine-rich repeat as a protein
recognition motif. Curr Opin Struct Biol;11(6):725-32.

Kohn Aimee D., et al. (2023) Expression of a Constitutively activity
AKT Ser/ Thr Kinase in 3T3L1 adipocytes stimulates glucose uptake
and glucose transport 4 translocation. Journal of Biological
Chemistry.; 271(49): 31372.

Kral, B. G., Becker, D. M., Yanek, L. R., Vaidya, D., Mathias, R. A,
Becker, L. C., & Kalyani, R. R. (2019). The relationship of family
history and risk of type 2 diabetes differs by ancestry. Diabetes &
Metabolism of Journal. 45(3), 261-267.

Kumagai S, Nakayama H, Fujimoto M, Honda H, Serada S, Ishibashi-
Ueda H, et al. (2016),Myeloid cell-derived LRG attenuates adverse
cardiac remodelling after myocardial infarction. Cardiovasc Res of
Journal;109.

Kwon, H. and Pessin, J.E. .( 2021),Adipokines mediate inflammation
and insulin resistance, frontiers Endocrinology Journal; 4: 7.

Kyrou, I. & Tsigos, C, (2023). Obesity in the elderly diabetic patient:
is weight loss beneficial? Diabetes Care 32 (Suppl. 2), 403-409 .
Lee, P. G. & Halter, J. B, (2017). The pathophysiology of
hyperglycemia in older adults: clinical considerations. Journal of
Diabetes Care 40, 444-452 .

Li Y, Ley SH, Tobias DK, Chiuve SE, van der Weele TJ, RichEdwards
JW, Curhan GC, Willett WC, Manson JE, Hu FB, Qi L. (2015), Birth
weight And Later Life Adherence to Unhealthy Lifestylesin Predicting
Type 2 Diabetes: Prospective Cohort Study. BMJ ,IDF diabetes atlas
of Journal ; (351).

124



References

Li, N. etal, (2019). Aging and stress induced beta cell senescence and
its implication in diabetes development. Aging, PloS one journal 11,
9947.

Li, X., Tang, J., Lin, S., Liu, X., & Li, Y. (2024). Mendelian
randomization analysis demonstrates the causal effects of IGF family
members in diabetes. Frontiers in Medicine Journsl, 11, 1332162.
Lisowska, A., Swiqcki, P., Knapp, M., Gil, M., Musial, W. J.,
Kaminski, K., ... & Tycinska, A. (2019). Insulin-like growth factor-
binding protein 7 (IGFBP 7) as a new biomarker in coronary heart
disease. Advances in medical sciences, 64(1), 195-201.

Liu JJ, Pek SLT, Ang K, Tavintharan S, Lim SC; SMART2D study.
Plasma leucine-richa-2-glycoproteinl predicts rapid eGFR decline and
albuminuria progression in type 2 diabetes mellitus. J Cli Endocrinol
Metab (2017);102:3683—-3691.

Liu, J.J., Pek, S. L., Wang, J., Liu, S., Ang, K., Shao, Y. M., ... & Lim,
S. C. (2021). Association of plasma leucine-rich a-2 glycoprotein 1, a
modulator of transforming growth factor-f signaling pathway, with
incident heart failure in individuals with type 2 diabetes. Diabetes
Care, European heart journal, 44(2), 571-577.

Livingstone SJ, Levin D, Looker HC, Lindsay RS, Wild SH, Joss N,
Leese G, Leslie P, McCrimmon RJ, Metcalfe W, McKnight JA,
(2015). Estimated life expectancy in a Scottish cohort with type 1
diabetes, Diabetic of Journal, 2008-2010 Jama 313(1):37-44.

Lopez -Bermejo, A., Khosravi, J., Ferna'ndezReal, J.M., Hwa, V.,
Pratt, K.L., Casamitjana,R., Garcia-Gil, M.M., Rosenfeld, R.G., and
Ricart, W. (2016). Insulin resistance | associated with increased serum

125



References

concentration of IGF-binding protein-related proteinl, Journal of
biochemistry, 43-98.

e Low, S., Moh, A,, Pandian, B., Tan, X. L., Pek, S., Zheng, H., ... &
Lim, S. C. (2024). Association between plasma LRG1 and lower
cognitive function in Asians with type 2 diabetes mellitus. The Journal
of Clinical Endocrinology & Metabolism, 109(9), e1732-e1740.

e Lu QK, Zhang JT, Zhao N, Wang HY, Tong QH, Wang SL, (2017).
Association of IL-6 Gene (-174 and -572 G/C) Polymorphisms with
Proliferative Diabetic Retinopathy of Type 2 Diabetes in a Chinese
Population. Ophthalmic Res. IDF diabetes atlas of Journal, 58(3): 162-
167. doi:10.1159/000475670.

e Lu, S, Purohit, S., Sharma, A., Zhi, W., He, M. Wang, Y., Li, C.J,,
and She, J.X. (2017). Serum insulin-like growth factor binding protein
6(IGFBP6) is increased in patients with type 1diabetes and its
complications. Int. Journal of Clin.Exp. Med. 5, 229-237.

e Lyssenko, V., etal, (2021) Clinical risk factors, DNA variants, and the
development of type 2 diabetes. New England Journal of Medicine,
359(21), 2232.

e Mancuso, P. & Bouchard, B, (2019). The impact of aging on adipose
function and adipokine synthesis. Journal of Diabetic and Endocrinol,
10, 137.

o Martyniak, K. & Masternak, M. M. (2019), Changes in adipose tissue
cellular composition during obesity and aging as a cause of metabolic
dysregulation.. Gerontol of Journal. 94, 59-63.

e Matthews David R., et al, (2017). Homeostasis model assessment:

insulin resistance and beta-cell function from fasting plasma glucose

126



References

and insulin concentration in man. Diabetologia of Journal. 28(7): 412-
4109.

e Merjaneh, Mays, et al, (2017), Pro-angiogenic capacities of
microvesicles produced by skin wound myo fibroblasts. Journal of
Angiogenesis, 20(3):45-32.

e Mirazi, N., Rezaei, M. and Mirhoseini, M, (2015). Hypoglycemic
effect of Satureja montanum L. hydroethanolic extract on diabetic rats.
Journal of HerbMed Pharmacology, 5(1): 17-22.

e Mirza S, et al, (2019). Type 2-diabetes is associated with elevated
levels of TNF-alpha, IL-6 and Adiponectin and low levels of leptin in
a population Mexican Americans: a cross sectional study. Journal of
Diabetes,54-98.

e Mishra, R., Sharma, S. K., Verma, R., Kangra, P., Dahiya, P., Kumari,
P., ... & Kant, R. (2021). Medication adherence and quality of life
among type-2 diabetes mellitus patients in India. World Journal of
Diabetes, 12(10), 1740.

e Miyajima M, Nakajima M, Motoi Y, et al, (2021) .Leucine-rich a2-
glycoprotein is a novel biomarker of neurodegenerative disease in
humancerebrospinal fluid and causes neurodegeneration in mouse
cerebral cortex. PL0oS One Journal;8:e74453.

e Mohammedi, K., J. Chalmers, W. Herrington, Q. Li, G. Mancia, M.
Marre, et al (2018). "Associations between body mass index and the
risk of renal events in patients with type 2 diabetes."” Nutrition &
Diabetes of Journal, 74.

e Morales, R. (2024). Role of Leucine-Rich a-2 Glycoprotein-1 (LRG1)

in Development of Early-Onset Hypoinsulinemia in adulthood with

127



References

elevation of glycated hemoglobin and fasting blood sugar (Master's
thesis, The University of Texas Health Science Center at San Antonio),
Journal of Diabetes, 54-98.

e Morgantini, C., Jager, J., Li, X., Levi, L.,Azzimato, V., Sulen, A,
Barreby, E., Xu, C.,Tencerova, M., Na" slund, E., et al. (2019).
Livermacrophages regulate systemic metabolismthrough non-
inflammatory factors. Nat. Metabolism of journal,1, 445-459.

e Moxon, Joseph V, Golledge, Jonathan, (2015). The Need for
Translational Research to Advance Peripheral Artery Disease
Management. Int. Journal of Mol Sci.; 16: 11125-11130.

e Munshi, M. N. et al,(2020). Diabetes in ageing: pathways for
developing the evidence base for clinical guidance Diabetes
Endocrinol Journal 8, 855-867.

e Nakell AN., (2022). Clinical aspects on glucose- lowering therapies in
type 2 Diabetes, Karolinska Institutet, Journal of Biochemistry.65-87.

o Nanayakkara, Natalie, et al. (2018); Age-related differences
inglycaemic control, cardiovascular disease risk factors and treatment
in patients with type 2 diabetes: a cross-sectional study from the
Australian National Diabetes Audit. Plos one Journal ,BMJ open8(8):
e020677.

e Ng A, Xavier RJ, (2016). Leucine-rich repeat (LRR) proteins:
integrators of pattern recognition and signaling in immunity.
Autophagy, Journal of biochemistry,7(9):1082—4.

e Nielsen, Stine E., et al, (2023). Tubular markers do not predict the
decline in glomerular filtration rate in type 1 diabetic patients with

overt nephropathy. Kidney International Journal, 79(10): 1113-1118.

128



References

Nuttall, F. Q, (2015). "Body Mass Index: Obesity, BMI, and Health:
A Critical Review." Nutrition Today Journal 50(3): 117-128.
O’Donnell LC, Druhan LJ, Avalos BR. (2022) Molecular
characterization and expression analysis of leucine-rich alpha2-
glycoprotein, a novel marker of granulocytic diferentiation. Journal of
Leukoc Biol.;72(3):478-85.

Olefsky , K., J. da Rocha Fernandes, Y. Huang, U. Linnenkamp, L.
Guariguata, N. Cho, D. Cavan et al (2021). "IDF Diabetes Atlas:
Global estimates for the prevalence of diabetes for 2015 and 2040."
Diabetes research and clinical practice of Journal, 128: 40-50.
Olivares-reyes J. A, (2023). Bases moleculares del sindrome
metabdlicoy resistencia a la insulina. En: garibay nieto gn, garcia
velasco s, eds. obesidad en la edad pediatrica: prevencion y
tratamiento. ciudad de meéxico: corinter, Journal of Diabetes,185-214.
ORAM, Richard A., et al,(2022). A type 1 diabetes genetic risk score
can aid discrimination between type 1 and type 2 diabetes in young
adults, Journal of Diabetes care, , 39(3): 337-344.

Organ, C. (2022). Does the obesity-associated adipokine leucine-rich
alpha2-glycoprotein 1 (LRG1) have a regulatory role of the skeletal
muscle adaptive response to exercise ?. Journal of Exercise & Organ
Cross Talk, 2(1), 35- 36.

Owen, M, (2022). The glucose vs. HbAlc controversy. Clinicians
weigh arguments for both types of diabetes testing. MLO: medical
laboratory observer. Diabetes Academyof science Journal
47(11),pp.26-27.

129



References

Papanas, Nikolaos, and Zeigler, Dan, (2015). Risk factors and
comorbidities in diabetic neuropathy: an update . The Journal of
Diabetes Studies. (2015); 12(1): 2-48.

Patwa TH, Zhao J, Anderson MA, Simeone DM, Lubman DM. (2015),
Screening of glycosylation patterns in serum wusing natural
glycoprotein microarrays and multi-lectin fuorescence detection. Anal
Chem Journal.;78(18):6411-21.

Pavlou, D. 1., Paschou, S. A., Anagnostis, P., Spartalis, M., Spartalis,
E., Vryonidou, A, ... & Siasos, G. (2018). Hypertension in patients
with type 2 diabetes mellitus: Targets and management. Maturitas of
Journal, 112, 71-77.

Pearson-Stuttard, J., B. Zhou, V. Kontis, J. Bentham, M. J. Gunter et

al (2018). "Worldwide burden of cancer attributable to diabetes and
high body-mass index: a comparative risk assessment." The Lancet
Diabetes & Endocrinology of Journal, 6(6): e6-e15.

Petersen, K. F. & Shulman, G. I, (2021). Etiology of insulin resistance.
Am. Journal of. Med. 119 (Suppl. 1), S10-S16 .

Petersen, K. F. et al. (2023). Mitochondrial dysfunction in th elderly:
possible role in insulin resistance. IDF diabetes atlas of journal, 300,
1140-1142 .

Prakash AS, (2019). An Observational Study to Evaluate Correlation
between Body Mass Index (BMI) andRandom Blood Glucose at a
Diabetes CareHospital in Bihar. Scholars Journal Applied Med
Sciences, 3(7):889-891.

Puchulu, Félix Miguel, (2018). Definition, Diagnosis and
Classification of Diabetes Mellitus. In: Dermatology and Diabetes of

Journal, Springer Cham,; 7-18.

130



References

Rawshani, A., Rawshani, A., Franzén, S., Eliasson, B., Svensson,
AM., Miftaraj, M., McGuire, D.K., Sattar, N., Rosengren, A. and
Gudbj6rnsdottir, (2017). S. Mortality and cardiovascular disease in
type 1 and type 2 diabetes. New England Journal of Medicine, 376(15):
1407-1418.

Raymond, A. M., Mehra, C., Sequeira, A., & Kulkarni, L. (2023).
Anti-hyperglycemic Effect of Moringa Oleifera Leaf Powder on
Fasting Blood Sugars: A Retrospective Cross over Study
Plos one Journal,98-65.

Riaz S. (2015) Study of Protein Biomarkers of Diabetes Mellitus Type
2 and Therapy with Vitamin B1. Journal of Diabetes Res. Article ID
150176, 10 .

Ritz E, Zeng X, (2018). Diabetic Nephropathy — Epidemiology in Asia
and the Current State of treatment. Indian Journal Nephrology. (2): 75-
84.

Rodriguez-Manas, L. et al, (2024). Effectiveness of a multimodal
intervention in functionally impaired older people with type 2 diabetes
mellitus. Journal of Cachexia Sarcopenia Muscle 10, 721-733 .
Rojas, Joselyn, et al, (2022). Insulinorresistencia e hiperinsulinemia
como factores de riesgo para enfermedad cardiovascular. Archivos
Venezolanos de Farmacologia y Terapéutica. Journal of Diabetes,
27(1): 29-39.

Rorsman, P., and Ashcroft, F.M. (2018) .Pancreatic b-Cell Electrical
Activity and Insulin Secretion: Of Mice and Men. Physiol. Rev.
Journal of biochemistry, physrev.00008.2017.

131



References

Salltiel A. R. (2021) A new perspectives the molecular pathogenesis
and treatment of type 2 diabetes. Nature Med Journal 7: 887 -888.
Saltiel, Alan R., et al, (2017). Inflammatory mechanisms linking
obesity and metabolic disease. The Journal of clinical investigation,
127(1): 1-4.

Seo, D. Y., Ko, J. R, Jang, J. E., Kim, T. N., Youm, J. B., Kwak, H.
B., ... & Han, J. (2019). Exercise as a potential therapeutic target for
diabetic ~ cardiomyopathy:  insight into the  underlying
mechanisms. International journal of molecular sciences, 20(24),
6284,

Seong J, Kang JY, Sun JS, Kim KW, (2019). Hypothalamic
inflammation and obesity: a mechanistic review. Arch. Pharm. Res.
Plos one Journal, May; 42(5): 383392.

Serada S, Fujimoto M, Ogata A, etal, (2022). iTRAQbased proteomic
identification of leucine-richalpha-2 glycoprotein as a novel
inflammatory biomarker in autoimmune diseases. Journal of Diabetes
;69:770-2279.

Serada S, Fujimoto M, Terabe F, et al, (2023), Serumleucine-rich
alpha-2 glycoprotein is a disease activity biomarker in ulcerative
colitis. Inflammetary Bowel ,Plos one Journal. 18:2169-2179.
Sharma A, Demissei BG, Tromp J, et al, ( 2020). Anetwork analysis
to compare biomarker profiles in patients with and without diabetes
mellitus inacute heart failure. Eur Journal Heart Fail ,19:13101320.
Shields, B.M., Peters, J.L., Cooper, C., Lowe, J., Knight, B.A., Powell,
R.J., Jones, A., Hyde, C.J. and Hattersley, A.T, (2015). Can clinical

132



References

features be used to differentiate type 1 from type 2 diabetes? A
systematic review of the literature. BMJ open, 5(11): p.e009088

e Shinozaki E, Tanabe K, Akiyoshi T, Tsuchida T, Miyazaki Y, Kojima
N, et al, (2023). Serum leucine-rich alpha-2-glycoprotein-1 with
fucosylated triantennary N-glycan: a novel colorectal cancer marker.
BMC Cancer. IDF Diabetes Atlas of Journal,18(1):406.

o Salltiel A. R. (2021) A new perspectives the molecular pathogenesis
and treatment of type 2 diabetes. Nature Med Journal 7: 887 -888.

e Saltiel, Alan R., et al, (2017). Inflammatory mechanisms linking
obesity and metabolic disease. The Journal of clinical investigation,
127(1): 1-4.

e Seo,D.Y. Ko, J R, Jang, J. E., Kim, T. N., Youm, J. B., Kwak, H.
B., ... & Han, J. (2019). Exercise as a potential therapeutic target for
diabetic  cardiomyopathy:  insight into the  underlying
mechanisms. International journal of molecular sciences, 20(24),
6284,

e Seong J, Kang JY, Sun JS, Kim KW, (2019). Hypothalamic
inflammation and obesity: a mechanistic review. Arch. Pharm.Res.
May; Journal Basic Clinical pharmacy, 42(5):383392.

e SeradaS, Fujimoto M, Ogata A, etal, (2022). iTRAQbased proteomic
identification of leucine-richalpha-2 glycoprotein as a novel
inflammatory biomarker in autoimmune diseases. Journal of Diabetes
;69:770-2279.

e Serada S, Fujimoto M, Terabe F, et al, (2023), Serumleucine-rich
alpha-2 glycoprotein is a disease activity biomarker in ulcerative

colitis. Inflammetary Bowel ,Plos one Journal. 18:2169-2179.

133



References

Sharma A, Demissei BG, Tromp J, et al, ( 2020). Anetwork analysis
to compare biomarker profiles in patients with and without diabetes
mellitus inacute heart failure. Eur Journal Heart Fail ,19:13101320.
Shields, B.M., Peters, J.L., Cooper, C., Lowe, J., Knight, B.A., Powell,
R.J., Jones, A., Hyde, C.J. and Hattersley, A.T, (2015). Can clinical
features be used to differentiate type 1 from type 2 diabetes? A
systematic review of the literature. Journal of Diabetic, p.e009088
Shinozaki E, Tanabe K, Akiyoshi T, Tsuchida T, Miyazaki Y, Kojima
N, et al, (2023). Serum leucine-rich alpha-2-glycoprotein-1 with
fucosylated triantennary N-glycan: a novel colorectal cancer marker.
BMC Cancer. triantennary N-glycan: a novel colorectal cancer marker.
BMC Cancer. Journal of biochemistry,18(1):406.

Shirai R, Hirano F, Ohkura N, Ikeda K, (2019). Inoue S.Up-regulation
of the expression of leucine-rich alpha (2)-glycoprotein in hepatocytes
by the mediators of acute-phase response. Biochem Biophys Res
Journal,382.

Shou, J., Chen, P. J. & Xiao, W. H, (2020).Mechanism of increased
risk of insulin resistance in aging skeletal muscle. Journal of Diabetol,
Metab. Syndr. 12, 14 .

Simmons, D, (2015).Prevention of gestational diabetes mellitus: where
are we now?. Diabetes Obesity Metabolism of Journal. 1(7): 824-83.
Sinclair, A., Dunning, T. & Rodriguez-Manas, (2023). L.Diabetes in
older people: new insights and remaining challenges. Lancet Diabetes
Endocrinol of Journal, 3- 2285.

134



References

Singh, D.K., Winocour, P. (2022), and Farrington, K. Oxidative stress
in early diabetic nephropathy: fueling the fire. Nat Rev Endocrinology
of Journal,184.

Solis-Herrera, C., Triplitt, C., Reasner, C., DeFronzo, R. A., &
Cersosimo, E. (2018). Classification of diabetes mellitus. Endotext
Journal [Internet].

Solomon, Sharon D, et al. (2017) Diabetic retinopathy: a position
statement by the American Diabetes Association, Journalof Diabetes
Care, 40(3): 412-65

Soni HP. . (2021), Diabetes mellitus; A Review. International journal
of pharmaceutical and Biological Research. 4(3): 90.

STEDMAN, Mike, et al ,( 2020) .Cost of hospital treatment of type
1diabetes (T1DM) and type 2 diabetes (T2DM) compared to the non-
diabetes population: a deteconomic evaluation. Journal of
biochemistry,10(5): e033231.

Steenkamp, Devin W, Alexanian SM, McDonnell ME, (2022). Adult
hyperglycemic crisis: a review and perspective. Current Diabetes
Reports, 13(1): 130-137.

Steiner, D.F., et al, ( 2018). A brief perspective on insulin production.
Diabetes, Obesity and Metabolism of Journal ,11: 189-196.

Sun, H., Saeedi, P., Karuranga, S., Pinkepank,M., Ogurtsova, K.,
Duncan, B.B., Stein, C.,Basit, A., Chan, J.C.N., Mbanya, J.C., et al.
(2022).Global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045 Diabetes Res, IDF
Diabetes Atlas Journal, 183,1091109..

135



References

Tabaky , A.G., Jokela, M., Akbaraly, T.N.,Brunner, E.J., Kivima~ ki,
M., and Witte, D.R.(2019). Trajectories of glycaemia, insulin
sensitivity, and insulin secretion before diagnosis of type 2 diabetes:
an analysis from theWhite hall 11 study, Plos one Journal, 2215-2221.
Takahashi N, Takahashi Y, Putnam FW, (2018). Periodicity of leucine
and tandem repetition of a 24-amino acid segment in the primary
structure of leucine-rich alpha 2-glycoprotein of human serum.
Diabetes Academy of science of Journal ,A82(7):180676—10.
Takahashi N, Takahashi Y, Putnam FW, (2017). Periodicity of leucine
and tandem repetition of a24-amino acid segment in the primary
structureof leucine-rich alpha 2-glycoprotein of humanserum. Proc
Natl Acad Sci U S A, Diabetic of Journal , 82:1906-1910453.
Thomas, Rebeccal Louise, et al, (2021). Incidence of diabetic
retinopathy in people with type 2 diabetes mellitus attending the
Diabetic Retinopathy Screening Service for Wales: retrospective
analysis. Scholar Applied Med Sciences of Journal, Bmj, 344.
Tian, C., Burki, C., Westerman, K. E., & Patel, C. J. (2023).
Association between timing and consistency of physical activity and
type 2 diabetes: a cohort study on participants of the UK
Biobank. Diabetologia of Journal 66(12), 2275-2282.

TRISNA, C., SUFIYANTI, A., NIZAR, M., ARMAL, H. L,
WARDOYO, S., & PRAMUDITA, J. J. (2024). Total Cholesterol and
Blood Sugar Levels in Type 2 Diabetes Mellitus Patients. Medicine
Modern of Journal 31(4).

Tsai, A. C. & Lee, S. H, (2015). Determinants of new-onset diabetes
in older adults -Results of a national cohort study. Clin Journal, 34, 9

136



References

Umpierrez G, Korytkowski Mary. ,(2016).Diabetic emergencies -
ketoacidosis, hyperglycemic hyperosmolar state and hypoglycemia,
Journal of Endocrinology,12(4): 222-232.

Us.Department of Health and Human Services (USDHHS), (2021).
Areport of the surgeon general.How Tobacco smoke causes disease
,Journal of Diabetes,65-78.

Vazquez Arreola, E., Hanson, R. L., Bogardus, C., & Knowler, W. C.
(2022). Relationship between insulin secretion and insulin sensitivity
and its role in development of type 2 diabetes: beyond the disposition
index. Diabetes, 71(1), 128-141.

Vazquiz , Klimented , Uitterlinden , B. A. Oostra et al (2015).
"Predicting type 2 diabetes based on polymorphisms from genome
wide association studies and genetic factors : a population-based
study." Diabetes of Journal ,56-09.

Vielma, S.A., Klein, R.L., Levingston, C.A. and Young, M.R.I. (2023)
Adipocytes as immune regulatory cells. International immune
pharmacology of Journal , 16(2): 224-231.

Wang CH, Li M, Liu LL, et al,(2015). LRG1 expression indicates
unfavorable clinical outcome in hepatocellular carcinoma.
Diabetologia of journal, 42129.

Wang X, Abraham S, McKenzie JAG, et al, (2020). LRG1 promotes
angiogenesis by modulating endothelial TGF-b signalling. Plos of
Journal ;499 306-311.

Wang X, Abraham S, McKenzie JAG, Jefs N, Swire M, Tripathi VB,
et al, (2019). LRG1 promotes angiogenesis by modulating endothelial
TGF-p signalling. Nature.; Journal of biochemistry, 99(7458):306—34.

137



References

e Wang, J. et al. (2016). Association between telomere length and
diabetes mellitus: A meta-analysis. Journal Int. Med. Res.44, 115-73.

e Wang, Xia, et al. (2016). Inflammatory markers and risk of Type 2
diabetes: a systematic review and meta-analysis, Diabetes Care.
36(1):166-175.

e \Watanabe, J., Takiyama, Y., Honjyo, J.,Makino, Y., Fujita, Y., Tateno,
M., and Haneda, M. (2016). Role of IGFBP7 in Diabetic Nephropathy:
TGF-b1 Induces IGFBP7 via Smad2/4 in Human Renal Proximal
Tubula  Epithelial Cells. PL0oS One 11, e0150897.
https://doi.org/10.1371/journal.pone.

e Wendt, A., and Eliasson, L, (2020 ). Pancreatic a-cells - The unsung
heroes in isle function. Semin. Cell Dev. Biol. 103,41-50.
https://doi.org/10.1016/j.semcdb.(2020) .01.006.

e Westholm E, Karagiannopoulos A, Kattner N, Al-Selwi Merces
G, Shaw J A, et.al, Eliasson L, (2024). IGFBP7 is upregulated in
from T2D donors and reduces insulin secretion. Scholars
Journal Applied Med Sciences .27 (9).

e WIKSTROM, Jakob D,(2021) .Mitochondrial form and function in
pancreatic B-cells and brown adipocytes , PhD Thesis. The Wenner-
Gren Institute, Stockholm University.

e Williams, Kevin Jon, WU, Xiangdong, (2016). Imbalanced insulin
action in chronic over nutrition: Clinical harm, molecular mechanisms,
and a way forward. Atherosclerosis, Journal of Biochemistry, 247:
225-282.

e World Health Organization, (2017), Obesity and Overweight. July
2016. (cited and June 11), Journal of Diabetes,89-65.

138


https://doi.org/10.1371/journal.pone
https://doi.org/10.1016/j.semcdb.(2020)

References

e Yahagi, Kazuyuki, et al, (2017). Pathology of Human Coronary and
Carotid Artery Atherosclerosis and Vascular Calcification in Diabetes
Mellitus. Arteriosclerosis. Thrombosis and Vascular Biology of
Journal,37(2): 191-204.

e Yamanaka, Y., Wilson, E.M., Rosenfeld, R.G., and Oh, Y. (2017).
Inhibition of insulin receptor activation by insulin-like growt factor
binding proteins. Journal of Biol. Chem. 272, 30729-30734.

e YANG, Shao- ling, et al. ( 2017). Pathophysiology of peripheral
arterial disease in diabetes mellitus. Journal of diabetes. 9(2): 133-140.

e Yau, JW.,, Rogers, S.L., Kawasaki, R., Lamoureux, E.L., Kowalski,
J.W., Bek, T., Chen, S.J., Dekker, J.M., Fletcher, A., Grauslund, J. and
Haffner, S. (2016) Global prevalence and major risk factors of diabetic
retinopathy. Diabetes care of Journal , 35(3), pp.556-564.

e Ye, Bin, etal, (2021). Clinical significance of serum homocysteine
as a biomarker for early diagnosis of diabetic nephropathy in type 2
diabetes mellitus patients, Pteridines. Scholars Journal Applied Med
Sciences, 32(1): 11-16.

e Young, A. I., F. Wauthier and P. Donnelly (2016). "Multiple novel
gene-by environment interactions modify the effect of FTO variants
on body mass index." Nature Communications, Plos of Journal 7:
12724.

o Zambelli, F., Pesole, G., and Pavesi, G. (2018). Pscan: finding over-
represented transcription factor binding site motifs in sequences from
co-regulated or co-expressed genes. Plos one Journal.37, W247-

e Zhang, L., Smyth, D., Al-Khalaf, M., Blet, A., Du, Q., Bernick, J.,
Gong, M., Chi, X., Oh, Y., Roba-Oshin, M., et al. (2022). Insulin-like

139



References

growth factor-binding protein-7 (IGFBP7) links senescence to heart
failure. Nat. Cardiovasc. Diabetologia of journal ,1195-1214.

e Zhong ME, Chen Y, Xiao Y, et al. ( 2019) , Serum extracellular
vesicles contain SPARC and LRG1 as biomarkers of colon cancer and
differ by tumour primary location. EBio Medicine of Journal .50:211—
223.

e Zhou, T., Luo, M., Cai, W., Zhou, S., Feng, D., Xu, C., and Wang, H.
Zhou, X., Zhang, W., Liu, X., Zhang, W., & Li, Y, (2015). Interrela
between diabetes and periodontitis: role of hyperlipidemia. Archives
of oral biology, Journal of biochemistry ,60(4), 667-674.

e Zhu, X,, Liang, F., Yin, J.,, Li, X,, Jiang, L., Gao, Y., ... &WUM
(2024).Duration-specific association between plasma IGFBP7
levelsand diabetic complications in patients with type 2 diabetes
mellitus. Growth Hormone & IGF Research, Annals of the New
York Academy of Sciences of Journal, 75, 101574.

140



Appendices



Sample no

Patient data:

Age:
Sex : male female
Smoking : yes no
History :
BP: lower high Physical activity :
yes no
Body mass index (BMI)

Hypertension yes no
Hyperlipidemia yes no
Family history; yes no

T2DM yes no
DM findings;
Type-2

Treatment of T2DM:

1-Drug

2-Insulin

Duration of T2DM:

Complication of T2DM:

1-Retinopathy

2-Neuropathy

3-Nephropathy

4-Diabetic foot

5-History ischemic heart disease

Drug:

1-Lowering sugar agent

2-Hyperlipidemia drug
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