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Summary

Diabetic foot ulcers (DFUs) are among the most serious complications of diabetes,
significantly impairing patients' quality of life and often leading to persistent
infections and potential limb loss. DFUs occurs due to poor circulation caused by
atherosclerosis, Venous insufficiency, Problems with the valves in leg veins — wich
affecting the safety and speed of blood flow, Blood clotting, coagulation. This study
focused on four key immune markers: interleukin IL-10, IL-18, Tumor Necrosis
Factor-alpha (TNF-a), Basic Fibroblast Growth Factor (BFGF), C-Reactive Protein
(CRP), and lipid profile parameters including Triglycerides (Trig), Total Cholesterol
(Tc), Low-Density Lipoprotein (LDL), High-Density Lipoprotein (HDL), along
with Hemoglobin Alc (HbA1c), among individuals with diabetic foot ulcers to gain
a deeper understanding of the causes behind delayed wound healing.The study
involved 90 participants: 30 patients with diabetic foot ulcers, 30 diabetic patients
without foot ulcers, and 30 healthy controls. Participants were recruited from
diabetes centers at Al-Hashimiyah General Hospital and Al-Qasim General Hospital
in Babil Governorate between September 2024 and February 2025. Statistical
analyses compared results across the groups.The results showed no statistically
significant difference in the mean age among the three groups (DFU patients,
diabetic patients without ulcers, and healthy controls) (P = 0.158). Similarly, age
group distribution showed no significant difference (P = 0.132). A significant
difference was observed in sex distribution (P = 0.001), with males predominating
among DFU patients, suggesting sex plays an important role in the development of
diabetic foot ulcers. No significant differences were found concerning smoking
status and hypertension (P > 0.05). However, insulin usage showed a significant
difference (P = 0.015), indicating that patients with ulcers were more likely to be on

insulin therapy. No significant differences were observed in ulcer location, duration,
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or swelling (P > 0.05). Regarding ulcer types, a significant difference was found in
distribution (P = 0.025), indicating varied ulcer severity among patients.Mean
glucose and HbAlc levels showed significant differences (P < 0.001), although no
significant difference was found between DFU and diabetic non-ulcer groups. Serum
triglycerides and LDL levels were higher in both DFU and diabetic groups compared
to healthy controls, indicating lipid profile disturbances, with statistically significant
differences (P < 0.05). DFU patients exhibited lower HDL cholesterol levels
compared to diabetic and healthy groups, which may reflect an increased risk of
cardiovascular diseases (P > 0.05). Mean CRP levels also showed significant
differences among DFU, diabetic, and healthy groups (P < 0.05), with significant
differences between the two patient groups themselves (P < 0.05). IL-18 levels were
markedly elevated in DFU patients compared to diabetic patients without ulcers and
healthy individuals (P < 0.001). Similarly, TNF-a levels were significantly higher in
the DFU group (P < 0.001). Conversely, IL-10 and BFGF levels were significantly
increased in both DFU and diabetic patients compared to healthy controls (P <
0.001).

It can be conclude thatfrom our current study that impaired healing of diabetic foot
ulcers results from an interplay of inflammatory factors such as IL-18 and TNF-a
along with biochemical and environmental factors. Chronic inflammation caused by
elevated inflammatory markers, lipid profile disturbances, and poor glycemic
control leads to delayed tissue repair. Although the body attempts to mitigate
inflammation by increasing IL-10 and BFGF concentrations, effective therapeutic
strategies should focus on improving glycemic control and correcting lipid

abnormalities to enhance wound healing and reduce complications.
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Chapter One Introduction

Introduction

Diabetes mellitus is a chronic metabolic disorder characterized by persistent
hyperglycemia due to impaired insulin secretion, action, or both (American Diabetes
Association, 2020). According to the World Health Organization, approximately
422 million individuals globally are affected by diabetes, and projections estimate
an additional 271 million people will be diagnosed by 2045 (World Health
Organization, 2018; Cho et al, 2018). Poor glycemic control leads to chronic
complications, some of which may be present even at the time of diagnosis. Among
these, diabetic foot ulcers (DFUs) stand out as one of the most common and
debilitating outcomes, affecting 15-25% of diabetic individuals and contributing
significantly to morbidity and mortality (Zhang et al.,, 2017). Long-term
complications associated with diabetes include cardiovascular diseases,
nephropathy, retinopathy, peripheral neuropathy, and chronic lower-limb ulcers (Al-
Saliha and Ali, 2021). Diabetes mellitus is generally classified into three main types:
type 1 diabetes, characterized by autoimmune destruction of pancreatic beta cells;
type 2 diabetes, resulting from peripheral insulin resistance combined with a relative
insulin deficiency and gestational diabetes, which occurs during pregnancy due to
hormonal changes affecting insulin sensitivity (American Diabetes Association,
2007).

DFUs represent one of the most serious complications of diabetes mellitus and
are a leading cause of plantar ulceration (Ali, 2022). These ulcers typically affect the
sole of the foot and involve all layers of the skin, They are often associated with
peripheral neuropathy or peripheral arterial disease, poor glycemic control, and
structural foot deformities (Al-Rubeaan et al., 2015). Chronic hyperglycemia
induces oxidative stress and vascular endothelial dysfunction by generating reactive

oxygen species, which impairs wound healing in diabetic patients (Al-Salih et al.,
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2021). If untreated, DFUs frequently progress to amputation, Research indicated that
healthcare costs are substantially higher for diabetic patients with DFUs compared
to those without ulcers (Anyim et al., 2019). DFUs are characterized by a prolonged
and dysregulated inflammatory phase, with an overproduction of pro-inflammatory
cytokines such as IL-1p, IL-6, and TNF-a. This imbalance between pro- and anti-
inflammatory macrophages impairs proper wound resolution and contributes to
chronicity (Kadhim, 2021a).

Aim of the study

The present study aims to evaluate the role of cytokines, hematological
parameters, and inflammatory markers in patients with diabetic foot ulcers. To

achieve this objective, the following parameters were assessed:

1 .The effect of age, gender, smoking, insulin therapy, blood pressure, and several
ulcer-related characteristics such as ulcer location, type, presence of swelling, and
duration—among diabetic patients with and without foot ulcers. These variables

were compared with those of healthy control.
2. Determination (HbA1c) levels and Glucose.

3. Determination parameters included lipid profile components including, TcTG,
LDL), and (HDL), in order to assess metabolic control among diabetic patients with

and without foot ulcers, as well as in healthy controls.
4. Determination the level of (CRP).

5. Additionally, the study evaluated selected immunological markers in diabetic
patients compared to healthy individuals. These included (IL-18), (IL-10), (TNF-a),
and (bFGF).
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Chapter Two Literatures review

2. Literatures Review

2.1. Diabetes Mellitus

Diabetes mellitus is a group of chronic metabolic disorders characterized by
elevated blood glucose levels due to either impaired insulin secretion, insulin
resistance, or both (Seidu et al., 2022). This condition affects vital organs such as
the eyes, kidneys, nerves, heart, and blood vessels due to disruptions in
carbohydrate, protein, and fat metabolism (Liu et al., 2022a). One of the most
prominent complications is peripheral neuropathy, which results from reduced blood
flow to nerves, causing sensory loss, especially in areas like the metatarsophalangeal
joints and heels, leading to ulcer formation (Pallela et al., 2017). The disease
originates from dysfunction in pancreatic islets, where beta cells produce insulin and
alpha cells secrete glucagon. Any imbalance between these hormones leads to

hyperglycemia (Lenzen, 2021).

2.2. Three mainTypes of Diabetes Mellitus

Diabetes mellitus is categorized into three major types: TIDM, T2DM and G DM
(American Diabetes Association, 2018).

2.2.1. Type ldiabetes mellitus (T1DM)

T1DM (due to autoimmune [-cell destruction) was identified as an autoimmune
disease due to the com plate absence of insulin or receptor damage since birth,
Researchers identified this TADM as a T-cell mediated acquired autoimmunity dis
order, TIDM patients were found with a low life span, and they were highly prone
to cardio-vascular diseases and severe metabolic conditions in their medical history
(Lind et al.,2019). The condition is usually diagnosed in children and young people
so it used to be called juvenile diabetes, A condition called secondary diabetes is like
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pancreas, rather than by immune system (Manchanda et al., 2021). In individuals
with type 1 diabetes, elevated blood glucose levels adversely affect the wound
healing process. One major complication is poor blood circulation due to blood
vessel damage, which reduces the delivery of oxygen and essential nutrients to the
wound site, thereby delaying healingsAdditionally, hyperglycemia impairs immune
cell function, weakening the immune response and increasing the risk of infection,
which further hinders wound recovery (Tamarai et al., 2021; Manchanda et al.,
2021; Verhulst et al., 2019).

2.2.2. Type 2 Diabetes Mellitus (T 2 DM)

Was first described as a component of metabolic syndrome in 1988. (Patlak,
2002). T2DM (formerly known as non-insulin dependent DM) is the most common
form of DM characterized by hyperglycemia insulin Type 2 DM results from
interaction between genetic, environmental and behavioral risk factors (chL et al.,
2011). People living with type 2 DM are more vulnerable to various forms of both
short- and long-term complications which often lead to their premature death. This
tendency of increased morbidity and mortality is seen in patients with type 2 DM
because of the commonness of this type of DM its insidious onset and late
recognition especially in resource-poor developing countries like Africa (Azevedo
and Alla, 2008). Insulin peripheral resistance is the cause of type 2 (American
Diabetes Association. 2007). Type 2 diabetes is the most prevalent form and results
from insulin resistance combined with relative insulin deficiency, It often develops
in adulthood and is strongly associated with obesity and sedentary lifestyle, Obesity
accounts for approximately 55% of cases, and other contributing factors include

smoking, physical inactivity, and diets high in calories and fats. It is predicted that
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Increase in the next two decades where the majority of patients are aged between 45
and 64 years (Wild et al., 2004). Genetics and lifestyle factors are the main causes
of type 2 diabetes. (Ripsin et al., 2009). Type 2 diabetes is known to be influenced
by a variety of lifestyle variables. These include a sedentary lifestyle excessive
alcohol use cigarette smoking and physical inactivity. (Hu et al., 2001). Overweight,
it is increasingly seen in children, adolescents, and younger adults due to rising

levels of obesity, physical inactivity, and energy dense diets (Goyal and Jalal, 2018).
2.2.3. Gestational diabetes

Is atemporary condition that typically appears during the second or third trimester
of pregnancy and is characterized by elevated blood glucose levels in women
without previous diabetes diagnosis (American Diabetes Association, 2018). It
affects about 14% of pregnancies globally, translating to 18 million cases annually
(International Diabetes Federation, 2017). Risk factors include obesity, advanced
maternal age, family history of diabetes, and polycystic ovary syndrome (Haroush
et al., 2004; Feig et al., 2011; Castillo et al., 2015). Diets high in fiber and
unsaturated fats are protective, while those rich in red and processed meats and
simple carbohydrates increase the risk (Yeung et al., 2006; Bowers et al., 2012; Bao
et al., 2014; Charron et al., 2017). Although gestational diabetes usually resolves
after delivery, it increases the risk of developing type 2 diabetes and cardiovascular
diseases later in life (Cianni et al., 2003). One common pregnancy issue is diabetes
which is characterized by spontaneous hyperglycemia. Type 1 or type 2 diabetes that
Is not evidently preexisting is diagnosed in the second or third trimester of pregnancy
(American Diabetes Association, 2018). GDM often goes away after birth but it can

have long-term health effects such as raising the mother's risk of type 2 diabetes
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diabetes mellitus in the mother. (Feig et al., 2011; Castillo et al.,2015). One of the
most frequent pregnancy complications is sudden hyperglycemia. (American
Diabetes Association, 2018). Unfortunately, there is currently no generally
recognized method of treating or preventing GDM other than lifestyle changes (diet
and exercise) and occasionally insulin medication, which is only partially effective
because of the frequently existing insulin resistance Insulin sensitivity is a
significant metabolic adaption. Depending on the demands of pregnancy insulin
sensitivity changes during gestation. In order to prepare for the energy demands of
later pregnancy early gestation promotes the absorption of glucose into adipose
reserves via increasing insulin sensitivity. Insulin sensitivity is a significant
metabolic adaption. Depending on the demands of pregnancy, insulin sensitivity
changes during gestation. In order to prepare for the energy demands of later
pregnancy early gestation promotes the absorption of glucose into adipose reserves
via increasing insulin sensitivity (Cianni et al., 2003). and other diseases of insulin

resistance, such as polycystic ovarian syndrome (Haroush et al.,2004).

2.3. Other specific types of diabetes (reviewed by Li et al., 2013).

« Genetic defects of the p-cell

« Genetic defects in insulin action

« Diseases of the exocrine pancreas

« Endocrinopathies).

« Drug- or chemical-induced diabetes:

« Other genetic syndromes associated with diabetes
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2.4. Glycated hemoglobin

animportant biological marker used to measure the average blood glucose level
over a period of 8 to 12 weeks, expressed as a percentage of hemoglobin bound to
glucose in red blood cells. According to a master's thesis titled "Assessment of
glycemic control among type 2 diabetes mellitus patients using HbAlc test in tertiary
care hospitals” (Khan et al., 2018). HbAlc is one of the most important biomarkers
reflecting long-term glucose control, providing a more accurate assessment than
daily blood glucose measurements. This test is based on the principle of non-
enzymatic glucose binding to hemoglobin molecules, reflecting the average glucose
concentration over the lifespan of red blood cells(Ahmed, 2020). Diabetic foot
ulcers are common and serious complications of diabetes, mainly caused by nerve
damage (diabetic neuropathy) and poor blood circulation to the extremities
(peripheral vascular disease). The HbAlc level is a key indicator reflecting long-
term blood sugar control and plays a direct role in the occurrence and severity of
foot ulcers. High HbAlc levels indicate elevated average blood glucose, which
increases the risk of nerve and blood vessel damage, leading to loss of sensation and
poor wound healing. Studies have confirmed that patients with elevated HbAlc are
at higher risk of developing chronic foot ulcers and experience difficulties in healing,
while good HbA1c control helps reduce ulcer occurrence, improves healing chances,
and lowers the risk of infections and gangrene that may lead to amputation (Singh et
al., 2005 andAlavi et al., 2016).

2.4.1Types of Hemoglobin Mayo Clinic Staff. (2023).

1.Hemoglobin A (HbA):

Main type in adult bloodComposed of 2 alpha and 2 beta chains
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2.Hemoglobin A2 (HbA2):

Makes up 2-3.5% of hemoglobinComposed of 2 alpha and 2 delta chains
Levels increase in disorders like thalassemia.

3.Hemoglobin F (HbF) — Fetal Hemoglobin:

Main hemoglobin in fetuses and infants (up to 6 months)Composed of 2 alpha and
2 gamma chainsHigher oxygen affinity than other types

4. Abnormal Hemoglobins:

Includes Hemoglobin S (HbS) causing sickle cell anemialncludes Hemoglobin C
(HbC) linked to some blood disorders

2.5. Diabetic Foot Ulcers (DFUSs)

Diabetic Foot Ulcers (DFUs) are among the most serious and debilitating
complications of diabetes mellitus, posing a significant risk for infection, gangrene,
and limb amputation (Petersen et al., 2022; Rawaan, 2022). These ulcers frequently
develop due to underlying foot deformities, peripheral neuropathy, and peripheral
vascular disease, which are exacerbated by chronic hyperglycemia and poor
glycemic control (Al-Rubeaan et al., 2015). Hyperglycemia leads to the excessive
production of reactive oxygen species (ROS), causing endothelial dysfunction and
vascular injury (Al-Salih and Ali, 2021,b). One of the critical pathological hallmarks
of DFUs is the prolonged and unresolved inflammatory phase marked by excessive
production of pro-inflammatory cytokines such as IL-1p, IL-6, and TNF-a., resulting
in an imbalance between M1 (pro-inflammatory) and M2 (anti-inflammatory)
macrophages (Bjarnsholt et al., 2008; Kadhim, 2021,b).

The study that 4-10% of diabetic patients will develop foot ulcers annually, with

a lifetime risk reaching up to 25% (Fanxing et al., 2013). Furthermore, nearly half
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disease, which significantly compromises wound healing (Prompers et al., 2007). If
untreated, DFUs can lead to soft tissue infections, osteomyelitis, gangrene, and
ultimately limb loss (Ndosi et al., 2018).

The burden of DFUs extends beyond physical symptoms to include decreased
mobility, reduced quality of life, and higher healthcare utilization (Armstrong et al.,
2017; Petersen et al., 2022).

2.5.1. Epidemiology of DFUs

The global rise in diabetes prevalence has intensified the public health and
economic burden of chronic wounds, especially DFUs (Sen et al., 2009; Petersen et
al., 2022). It is estimated that the number of individuals with diabetes will increase
from 171 million in 2000 to 366 million by 2030, a trend largely attributed to
population aging and the obesity epidemic (Wild et al., 2004). Patients with diabetes
face a lifetime risk of up to 25% for developing lower extremity ulcers, with over
7% of neuropathic DFU cases progressing to amputation (Margolis et al.,2005). The
wound healing process consists of four sequential phases: hemostasis, inflammation,
proliferation, and remodeling. This process is tightly regulated by interactions
among hematopoietic, immune, and resident skin cells (Sun et al., 2014). Diabetic
foot disease is a leading cause of non-traumatic lower-limb amputation and
contributes to substantial morbidity, mortality, and healthcare costs (Martins-
Mendes et al., 2014, Jupiter et al., 2016; Zhang et al., 2017).

2.5.2. Etiology of Diabetic Foot Ulcers

The development of diabetic foot ulcers (DFUs) is multifactorial and stems from

several overlapping pathophysiological conditions, with peripheral neuropathy
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being the most prominent contributor (Singh et al., 2005; Soewondo et al., 2013;
Stacy, 2021). Sensory neuropathy leads to the loss of protective sensation, making
patients vulnerable to unnoticed trauma due to impaired thermal, pain, and
proprioceptive perception, Motor neuropathy contributes to foot deformities, such
as hammer toes and hallux rigidus, which alter biomechanics and increase focal
pressure points, Autonomic neuropathy results in reduced sweat and oil gland
function, leading to xerosis (dry skin), fissures, and an increased risk of infection

due to impaired skin integrity (Oliver and Mutluoglu, 2019).

Elevated plantar pressure is another significant factor, commonly linked to
limited joint mobility and structural abnormalities in the foot, particularly in the
ankle, subtalar, and metatarsophalangeal joints, Study suggest that approximately
28% of patients with peripheral neuropathy and elevated plantar pressure develop
DFUs within 2.5 years (Soewondo et al., 2013). Trauma, particularly repetitive
friction from ill-fitting footwear, accounts for 21% of ulcerations, while acute injury
contributes to 11%, fungal infections such as tinea pedis to 4%, and nail-trimming
accidents to another 4% (Singh et al., 2005). Peripheral arterial disease due to
atherosclerosis, especially affecting the femoropopliteal and infrapopliteal arteries,
is also a key factor that impairs blood flow and tissue oxygenation, thereby delaying
wound healing (Tellechea et al., 2010). The overall risk of foot ulcers is nearly twice
as high in diabetic individuals compared to those without diabetes (Singh et al.,
2005).

2.5.3. Diagnosis of Diabetic Foot Ulcers

A comprehensive diagnostic approach is essential in assessing diabetic foot
ulcers,The workup typically includes blood tests, plain radiographs, ankle-brachial

index (ABI), toe pressure, pulse-volume recordings, and duplex ultrasonography
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(Stacy, 2021). Advanced imaging such as computed tomography scans,magnetic
resonance imaging, bone scans, and angiography may be indicated in complex or
non-healing ulcers to assess for osteomyelitis or vascular compromise, Physical
examination involves evaluating peripheral pulses, inspecting for anatomical
deformities, ulcer location, callus formation, and signs of vascular insufficiency such
as hair loss or muscle wasting (Boulton et al., 2008). Monofilament is commonly
used to assess for peripheral neuropathy, along with inspection for purulence, scabs,

or odor indicating infection (Oliver and Mutluoglu, 2019).

2.5.4. Pathophysiology of Diabetic Foot Ulcers

Diabetic foot ulcers (DFUs) develop due to a mix of nerve damage, poor blood
flow, and weakened immune function, all of which slow down the healing process
(Wild et al., 2010; Sharp & Clark, 2011). Damage to the autonomic nerves affects
sweat and oil gland activity, causing the skin to become dry and fragile, making it
more prone to injury. When sensory nerves are damaged, people may not feel pain
properly, allowing wounds to go unnoticed and worsen over time without treatment
(Clayton and Elasy, 2009). Diabetes also weakens the body’s natural defenses and
reduces the production of collagen and new blood vessels, both of which are
essential for healing, In advanced stages of diabetes, prolonged high blood sugar
causes permanent harm to the skin, blood vessels, and nerves, and even good blood
sugar control can't undo this damage, If left untreated, DFUs can lead to serious
issues like skin infections, bone infections, abscesses, gangrene, and even blood

poisoning, increasing the risk of severe illness or death (Sharp and Clark, 2011).

2.5.5. Classification of Diabetic Foot Ulcers (DFUS)

The ulcer should be staged after diagnosed. Diabetic foot ulcers have been

categorized using various methods. the Wagner-Ulcer Classification System and the
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(Syafril, 2018). Wagner Classification for Diabetic Foot Ulcer the Wagner system
classifies ulcers into six stages based on depth: a superficial ulcer, a deep ulcer
involving tendon, bone, or joint, osteomyelitis or a deep ulcer with an abscess,
gangrene localized to the forefoot, and gangrene affecting the entire foot (Monteiro-
Soares et al., 2020). This classification evaluates ulcer depth and tissue involvement.

It includes six grades:

Table (2-1) Wagner Classification System for Diabetic Foot Ulcers (Monteiro-
Soares et al., 2020).

Grade Clinical Description

0 No ulceration present, but foot deformities or high-risk signs
(e.g., callus, neuropathy).
Superficial ulcer involving only the skin layer.
Ulcer extends to tendon or muscle without signs of infection.
Deep ulcer with associated abscess formation or osteomyelitis.
Localized gangrene affecting the forefoot or heel.
Extensive gangrene involving the entire foot.

OB WIN -

The University of Texas classification system is a comprehensive tool developed
to assess and grade diabetic foot ulcers based on three critical parameters: the depth
of the ulcer, the presence of infection, and the degree of ischemia. Unlike simpler
classification models that focus solely on wound depth, such as the Wagner system,
the Texas classification provides a more nuanced approach by incorporating clinical
factors that significantly affect wound healing and limb prognosis. (Bravo-Molina
et al., 2018).
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Table 2-2 University of Texas Wound Classification System for Diabetic Foot
Ulcers (Bravo-Molina et al., 2018).

Grade Wound Description Clinical Condition

0 Pre- or post-ulcerative lesion that is Non-infected, non-
completely epithelialized. ischemic

1 Superficial ulcer not involving tendon, Infected only
capsule, or bone.

2 Ulcer penetrates to tendon or joint capsule. Ischemic only

3 Ulcer with associated abscess, osteomyelitis, | Both infected and
or joint sepsis. ischemic

2.5.6. Diabetic Ulcer Healing Process

Wound healing is a complex and ever-changing biological process aimed at
restoring both the structure and function of damaged tissue, In individuals with
diabetes, this healing process is notably disrupted due to the intricate interaction of
high blood sugar levels, nerve damage, and poor blood circulation (Romo et al.,
2008; Polat et al., 2010). The process of healing generally unfolds in four interrelated
yet separate stages: hemostasis, inflammation, proliferation, and maturation
(Oberyszyn, 2007).

2.5.6.1. Hemostasis

Hemostasis is the body's immediate reaction to blood vessel injury, aiming to
prevent blood loss through blood vessel constriction and the creation of a clot. This
process begins with a series of coagulation factors that ultimately transform
fibrinogen, a soluble protein in plasma, into an insoluble fibrin mesh that
reinforces the clot (Lundblad et al., 2004). Thrombin (Factor l1a) plays a crucial
role by not only converting fibrinogen into fibrin but also intensifying the

coagulation cascade through the activation of factors V, VIII, X1, XIII, and protein
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C (Hoffman and Monroe, 2001). Moreover, thrombin increases vascular
permeability, promoting the entry of immune cells and initiating the subsequent

stage of healing (Esmon, 2005).
2.5.6.2. Inflammation

The inflammatory phase lasts from 2 to 6 days after an injury and plays a key role
in eliminating pathogens and clearing damaged tissue, Neutrophils are the first
iImmune cells to arrive, reaching their peak between 24 and 48 hours, followed by
macrophages that clean up cellular debris and release cytokines and growth factors.
This stage is characterized by the classic symptoms of inflammation: redness,
warmth, swelling, Fluid drainage from the foot,Bad smell and pain, In individuals with
diabetes, ongoing low-level inflammation and dysfunctional neutrophils extend this

phase, hindering the progression to tissue repair. (Polat et al., 2010).

2.5.6.3. Proliferation

At this phase, fibroblasts move into the wound area, multiply, and start producing
type 11 collagen, which serves as a temporary framework for tissue healing,At the
same time, blood vessel formation, known as angiogenesis, begins with the help of
vascular endothelial growth factor (VEGF), encouraging new capillary growth. Skin
cells called keratinocytes from the wound edges also multiply and spread over the
wound in a process called re-epithelialization, However, in diabetic ulcers, this phase
often doesn’t work properly due to low oxygen levels, the negative effects of high
blood sugar on fibroblast function, and a decrease in essential growth factors (Romo
et al., 2008).
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2.5.6.4. Maturation

The last stage of wound healing, known as maturation or remodeling, can extend
from a few weeks to over a year, depending on how severe the wound is. During this
period, type 1l collagen is gradually replaced by the stronger type | collagen, and
the collagen fibers are reorganized to improve the wound’s tensile strength.
Thrombin continues to play a role in this phase by affecting fibroblast activity and
the remodeling of the extracellular matrix (Lundblad et al., 2004). In individuals
with diabetes, persistent high blood sugar and the formation of advanced glycation
end products (AGEs) disrupt the matrix remodeling process, often resulting in
delayed or incomplete healing. Other factors such as age, poor nutrition, reduced
blood flow (ischemia), infection, and excessive moisture (maceration) can also

negatively impact the healing outcome (Polat et al., 2010).

2.5.7. Factors Affecting Diabetic foot ulcers Healing

Diabetic foot ulcers (DFUs) are a serious and prevalent complication that arise
from a multifaceted interaction of physiological, metabolic, and behavioral
elements,A leading factor is diabetic neuropathy, which causes a gradual loss of
sensation in the feet, Consequently, patients often overlook minor injuries, enabling
the wounds to deteriorate over time (Pop-Busui et al., 2023). Peripheral arterial
disease (PAD) is another key contributor, as it diminishes blood circulation to the
limbs, hinders oxygen delivery to tissues, and slows the healing process,Research
indicates that more than half of DFU instances is associated with some level of
ischemia (Armstrong et al., 2023). Inadequate glycemic control is closely linked
with slower healing and higher susceptibility to infections, given that elevated blood
sugar impairs immune response and the regulation of inflammation (Zhao et al.,

2022). Additionally, persistent bacterial infections—especially those involving
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inflammation and suboptimal wound healing Beyond, physiological concerns,
behavioral and socioeconomic aspects such as smoking, poor nutrition, and lack of
education on foot care greatly heighten the risk of developing ulcers(Lipsky, et al.,
2022).

2.5.8. Healing of Diabetic Foot Ulcers (DFU)

Wound healing is a complex biological process that involves a well-orchestrated
sequence of events, typically divided into four overlapping phases: hemostasis,
inflammation, proliferation (including extracellular matrix formation and
angiogenesis), and remodeling,In non-diabetic individuals, these stages proceed in a
tightly regulated and timely manner, ensuring efficient tissue repair, However, in
diabetic patients, multiple disruptions impair this cascade and delay healing (Jones
et al., 2019).highlights the critical role of macrophages in modulating inflammation
and initiating tissue repair, These cells exhibit functional plasticity, transitioning
from a pro-inflammatory to an anti-inflammatory phenotype during wound healing.
Diabetes interferes with this transition by impairing monocyte recruitment, reducing
phagocytic activity, and sustaining a chronic inflammatory state, ultimately
disrupting the progression to the proliferative phase (Dekker et al., 2019). Moreover,
the regenerative functions of keratinocytes and fibroblasts are compromised in
diabetes, especially during the later stages of healing, These disruptions hinder
epithelial cell migration and collagen deposition, key components of re-
epithelialization and dermal matrix reconstruction (Alavi et al., 2014). At the
molecular level, healing depends on the activation of multiple cell types-
keratinocytes, fibroblasts, platelets, endothelial cells, and macrophages, Hypoxia

within the wound microenvironment typically stimulates the release of vascular
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synthase (eNOS) activation, an essential step in angiogenesis, In diabetic wounds,
however, this hypoxic response is blunted, leading to poor neovascularization
(Rupert, 2016).Additionally, diabetes impairs the mobilization and signaling of
endothelial progenitor cells (EPCs), which are crucial for targeting wound sites and
facilitating vascular repair, The reduction in EPC activity results in diminished

angiogenic response and impaired tissue regeneration (Omanakuttan et al., 2012).

Several systemic factors also exacerbate impaired healing in diabetic patients,
including vascular complications, chronic inflammation, oxidative stress, and
dysregulated cytokine and growth factor expression, Clinical evidence suggests that
adequate glycemic control at the time of surgical intervention enhances the
likelihood of complete wound closure, whereas persistent hyperglycemia
compromises leukocyte function, immune defense, and nutrient delivery to injured

tissues, resulting in prolonged or incomplete healing (Pande et al., 2013).
2.5.9. Management of Diabetic Foot Ulcers (DFUs)

Diabetic foot ulcers (DFUs) are a serious and complex complication of
diabetes that call for a comprehensive, multidisciplinary approach. This
includes prevention strategies, early diagnosis, and intensive care. The
main objectives are to lower infection risks, support tissue repair, and

protect limb function (Armstrong et al., 2023).
2.5.9.1. Clinical Evaluation

The first step in management involves a detailed evaluation of the ulcer, assessing

its depth, size, presence of dead tissue, and any discharge, Vascular health is checked
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using tools like the Ankle-Brachial Index (ABI), and peripheral neuropathy is
screened through sensory testing (Lipsky et al., 2022).

2.5.9.2. Pressure Offloading

Relieving pressure from the affected area is crucial for healing, Devices such as
total contact casts and specially designed offloading footwear are often used and

have been shown in studies to improve healing outcomes (Bus et al., 2020).
2.5.9.3. Infection Control

Managing infection is a top priority in DFU care, Antibiotic treatment is tailored
based on clinical symptoms and wound culture results. Early, targeted intervention
helps prevent complications like bone infection or the need for amputation (Lipsky
et al., 2022).

2.5.9.4. Local Wound Care

Wound care involves routine cleaning, removal of dead tissue, and the
use of dressings that retain moisture to promote healing. More advanced
dressings may include antimicrobial agents or compounds that stimulate

tissue growth (Game et al., 2020).
2.5.9.5. Systemic Optimization

Healing is also influenced by overall health, requiring strict blood sugar
control, proper nutrition, and management of other health conditions,
Improved glucose control has been linked to stronger immune responses
and better healing (Zhao et al., 2022).
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2.5.9.6. Surgical and Vascular InterventionsFor patients with severe poor
circulation or structural foot issues, surgical procedures might be necessary, These
can include restoring blood flow, removing infected tissue, or performing corrective

surgeries to reduce pressure and support healing (Prompers et al., 2019)

2.5.10. Immune Dysregulation in Diabetes Mellitus

Diabetes mellitus causes a wide range of changes in the immune system that
weaken the body’s defenses, making individuals more prone to infections and
slowing down wound healing, These changes impact both the innate and adaptive

Immune systems, resulting in persistent inflammation and poor tissue recovery,

High blood sugar levels negatively affect the function of white blood cells,
especially neutrophils and macrophages, These cells become less capable of sticking
to surfaces, moving toward infection sites, and engulfing harmful pathogens, Their
ability to produce substances that kill microbes is also reduced, leading to a
weakened first line of immune defense (Wolcott et al., 2021).In people with
diabetes, the balance of cytokines is disturbed, There is an increase in inflammatory
cytokines like IL-6 and TNF-o, while anti-inflammatory ones like IL-10 are
decreased. This imbalance extends the period of inflammation and interferes with
the body’s ability to repair tissue (Zhao et al., 2022).T-cell function is also weakened
in diabetes, These cells don’t multiply or produce signaling molecules as effectively,
which disrupts the adaptive immune system and limits the body’s capacity to
remember and fight off pathogens (Sadeghi et al., 2020). Diabetes hampers the
growth of fibroblasts and the movement of keratinocytes—both of which are crucial
for skin healing and wound closure, It also reduces collagen production, which
results in poor tissue regeneration (Guo & DiPietro, 2019). Altogether, these

Immune system issues increase the risk of infections and chronic wounds in diabetic
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infections, respiratory infections, and diabetic foot ulcers, If untreated, these ulcers
can worsen and lead to bone infections (Lipsky et al., 2022). The role and therapeutic
possibilities of IL-10 in diabetes and diabetic foot ulcers are areas of ongoing

research.

2.6. Immunological Markers in Diabetic

Interleukins (ILs) represent a varied group of cytokines mainly released
by blood monocytes and tissue macrophages, These signaling substances
play a critical role in orchestrating both innate and adaptive immune
responses, When an infection or injury occurs, ILs attach to designated
receptors on target cells, triggering signaling cascades that influence cell
behavior, Among diabetic individuals, especially those with diabetic foot
ulcers (DFUs), increased IL levels are commonly detected, contributing to
chronic inflammation and impaired wound healing (Berlanga-Acosta et
al., 2013).

2.6.1. Interleukin-10 (1L-10)

Interleukin-10 (IL-10) is a cytokine with anti-inflammatory properties that plays
a crucial role in moderating immune responses and protecting tissues from damage.
It is predominantly produced by monocytes, regulatory T cells, B cells, and dendritic
cells. IL-10 functions by suppressing the production of inflammatory cytokines like
TNF-a, IL-1p, and IL-6, and by hindering antigen presentation by dendritic cells and
macrophages. This modulatory role is vital for preserving immune balance,
especially during infections and inflammatory conditions. Nonetheless, high levels
of IL-10 have also been linked to persistent infections and the ability of tumors to

evade immune detection (O'Gara & Vieira, 2007).
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activity associated with chronic inflammation, a hallmark of diabetes
pathophysiology (Couper et al., 2008). In type 2 diabetes patients, diminished IL-10
levels in the blood have been linked to greater insulin resistance and increased levels
of pro-inflammatory markers like CRP and TNF-a, suggesting that low IL-10 may
worsen the body’s inflammatory state in diabetes (van Exel et al.,
2002).Additionally, higher IL-10 levels are tied to a reduced risk of both small and
large blood vessel complications (Esposito et al., 2006). When it comes to diabetic
foot ulcers (DFUs), IL-10 has a protective role by controlling inflammation and
supporting wound repair. It curbs the activation of immune cells like neutrophils and
macrophages and reduces levels of pro-inflammatory cytokines such as IL-1p and
IL-6, helping to minimize tissue damage and support healing (Mills et al., 2017).
Research in both clinical and experimental settings show that increasing IL-10
levels, either through topical application or systemic delivery, speeds up healing by
promoting blood vessel formation and regulating fibroblast activity (Parenteau et al.,
2008). Furthermore, a lack of IL-10 gene expression has been associated with slower
wound healing in diabetic patients, highlighting its potential as a treatment target
(Berlanga-Acosta et al., 2013). Because of IL-10’s promising healing properties,
new therapeutic strategies are exploring its use in topical or gene-based treatments
for chronic diabetic wounds. In preclinical models, applying IL-10 directly to
wounds significantly improved healing by reducing inflammation and boosting
growth factors like VEGF (Parenteau et al., 2008). Gene therapy using viral vectors
to deliver IL-10 has also shown long-lasting anti-inflammatory benefits and
improved tissue regeneration in diabetic wounds (Sarkar et al., 2010).These
discoveries highlight IL-10’s diverse functions in shifting chronic inflammation

toward healing. However, despite encouraging results from animal studies, large-
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scale clinical trials in humans are still needed to confirm the safety and effectiveness
of IL-10 treatments, especially in diabetic patients with compromised vascular and

immune systems (Kwak and Kim, 2022)
2.4.2. Interleukin-18 (IL-18)

Is a cytokine that promotes inflammation and is part of the IL-1 family, It plays
an essential role in managing the immune system by stimulating the production of
interferon-gamma (IFN-y) and supporting Thl-type immune responses, This
molecule is mainly released by activated macrophages, monocytes, and epithelial
cells when they encounter pathogens or inflammatory signals (Dinarello et al.,
2013). In individuals with type 2 diabetes mellitus (T2DM), IL-18 levels are notably
higher and closely linked to poor blood sugar control, as indicated by elevated
HbALc levels and fasting blood glucose measurements (Hung et al., 2005). 1L-18
helps maintain a state of chronic, low-level inflammation by activating nuclear factor
kappa B (NF-kB) and the NLRP3 inflammasome, These processes interfere with
insulin signaling and harm the function of insulin-producing -cells in the pancreas
(Stienstra et al., 2012). Besides its effects on metabolism, IL-18 also contributes to
blood vessel issues in diabetes, High levels of IL-18 are related to impaired blood
vessel function and the development of atherosclerosis, which can lead to the small
and large blood vessel damage often found in people with diabetes (Mallat et al.,
2001). In diabetic foot ulcers (DFUs), IL-18 levels are notably elevated in the wound
area, especially within inflammatory cells and keratinocytes located at the edges of
the ulcer, This prolonged inflammatory response disrupts the normal healing process
by hindering the shift from inflammation to tissue repair (Wetzler et al., 2000).

Experimental study suggest that blocking IL-18 signaling can promote faster skin
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regeneration and the formation of new blood vessels, pointing to a potential new

treatment strategy for chronic diabetic wounds (Dinarello et al., 2013).

This bar chart illustrates the average serum IL-18 levels among four clinical
categories: healthy individuals, individuals with type 2 diabetes without foot ulcers,
diabetic individuals with active foot ulcers, and diabetic individuals with healed foot
ulcers. The chart reveals a marked increase in IL-18 levels in those with active foot
ulcers compared to all other groups, highlighting its involvement in sustaining
chronic inflammation and hindering wound healing. Following the healing of ulcers,
a significant decline in IL-18 levels is noted, indicating a transition toward immune
balance and tissue repair (Wetzler et al., 2000 and Hung et al., 2005and Dinarello et
al. 2013),

2.6.3. Tumor Necrosis Factor-Alpha (TNF-a)
TNF-a is a key pro-inflammatory cytokine that plays a vital role in regulating the

immune system and driving systemic inflammation. It is mainly produced by
activated macrophages, but T lymphocytes and monocytes also contribute to its
secretion. High levels of TNF-a are consistently found in people with type 2 diabetes
mellitus (T2DM), indicating its significant role in ongoing metabolic inflammation

(Lampropoulou et al., 2014).

One of the well-known ways TNF-a contributes to insulin resistance is by
promoting serine phosphorylation of insulin receptor substrate-1 (IRS-1), This
action interferes with normal insulin signaling in muscles, the liver, and fat tissues,
leading to reduced glucose uptake, This mechanism is a central link between
inflammation and metabolic problems (Kang, 2021). In diabetic foot ulcers (DFUs),
TNF-a has a complex role, While it is important for triggering the initial

inflammatory response necessary for wound healing, prolonged or excessive
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levels—common in chronic wounds—can block the shift to tissue regeneration.
Research has shown that TNF-a levels are elevated in endothelial and skin cells
around the ulcer edges, where they disrupt new blood vessel formation and impair

fibroblast function, ultimately slowing wound healing (Salajegheh et al., 2016).

TNF-a 1s also involved in diabetic neuropathy, a serious complication of diabetes.
Chronic high blood sugar causes excessive TNF-a production, which harms both
small and large nerve fibers, leads to loss of nerve insulation (demyelination), and
increases nerve sensitivity, These effects make injuries more likely and delay tissue
healing, highlighting TNF-a’s role in nerve inflammation and the development of
ulcers (Stomnaroska, 2019). Because of its broad impact, TNF-a is seen as a
promising target for treatment, Blocking its pathways could help reduce chronic

inflammation, speed up wound healing, and prevent diabetes-related complication

2.6.4. Basic fibroblast growth factor (BFGF)

Also known as FGF-2, is a multifunctional glycoprotein with the capacity to
stimulate the proliferation and activity of various cell types, including dermal
fibroblasts, keratinocytes, endothelial cells, and melanocytes, Its mitogenic and
angiogenic characteristics make it an essential mediator in processes such as tissue
regeneration, neovascularization, and wound healing (Akita, 2010). The
involvement of BFGF in both angiogenesis and neurogenesis has been well
documented, and studies have highlighted its significant impact on tissue remodeling
(Cao et al., 2012). Clinical evidence further supports its efficacy, as patients with
diabetic ulcers treated with BFGF-based interventions demonstrated accelerated
healing rates and improved epithelial regeneration (Uchi et al., 2009). BFGF
mitogenic properties have made it a valuable target in therapeutic wound care,
Research indicates that controlled-release systems delivering bFGF can notably
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models (Akita et al., 2013). These benefits are largely attributed to its role in
stimulating the proliferative phase of wound repair, while also facilitating apoptosis
of fibroblasts and myofibroblasts in later stages—an effect that helps limit excessive
scar formation (Huang et al., 2016). However, in diabetic wounds, the natural
expression of FGF-2 is frequently reduced. This downregulation is associated with
Impaired angiogenesis, decreased fibroblast activity, and insufficient collagen
deposition, all of which contribute to the delayed healing commonly observed in
diabetic foot ulcers (Brizeno et al., 2016). In the advanced stages of wound healing,
pathological disruptions become increasingly apparent, Persistent inflammation
evidenced by sustained TNF-o expression further hinders angiogenesis and
extracellular matrix remodeling,Basic fibroblast growth factor (bFGF) is a pivotal
regulator of cellular and molecular mechanisms involved in tissue repair,Its
diminished expression in diabetic environments underscores its therapeutic
relevance, particularly in overcoming the chronic, non-healing nature of diabetic
foot ulcers (Heng et al., 2023).
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3.1. Materials

Materials and Methods

3.1.1. Instruments and Equipment Used in the Study

Table (3-1): Instruments and Equipment Used in the Study

collection

Instrument/Device | Usage Manufacturer | Country of

Name Origin

Centrifuge Blood component Kokusan Japan
separation
(serum/plasma)

Cool Box Sample transportation | VB China
at low temperature

Cotton Cleaning BDH England

Deep Freezer Long-term sample Hettich South Korea
freezing

EDTA Tubes Whole blood VACUETTE | Austria or

(Purple Cap) collection for CBC Germany
test

Eppendorf Tubes | Storage and transfer of | ALS China

0.5 ml micro-samples

Gel Tubes 6 mi Serum collection for | Arrow Egypt
biochemical analysis

Gloves Personal protection ALS China
during procedures

Incubator Sample incubation Memmert Germany

Micropipette Set | Precise pipetting of SLAMED Germany
small volumes

Refrigerator Sample refrigeration | Panasonic South Korea

Syringe 5 ml Biological sample ALS China
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Table (3:2 )chemical and reagents used in the study

: Manufacturer (if i
No. | Chemical Name available) Country of Origin
1 | 70% Ethanol BDH Chemicals United Kingdom
Albumin Bovine Serum Thermo Scientific /
3 | (BsA) Sigma-Aldrich | Yo~/ Germany
5 Blot_mylated Detection Elabscience® China
Antibody
o - Local lab /
4 | Deionized/Distilled Water Distillation system Local
5 | HRP-Conjugate (Avidin-HRP) | Elabscience® China
Phosphate Buffered Saline Thermo Fisher /
° | (pBS) Sigma-Aldrich | YSA/ Germany
7 | Standard & Sample Diluent Elabscience® China
8 | Stop Solution (Diluted H2SO4) ',f,:gffﬁ'ence@/ China / Germany
Sigma-Aldrich / i
9 | Substrate Reagent (TMB) Elabscience® Germany / China
10 | Tween-20 Sigma-Aldrich Germany
11 | Wash Buffer (25%) Elabscience® China

Table (3-3) Devices &Analytical methods used for measuring HbAlc, CRP and
Lipid profile parameters

Device Name | Type of Analysis | Measured Manufacturer | Country of
Parameters Origin
Fuji Dri- Dry chemistry Glucose, Total | Fujifilm Japan
Chem Nx600i | analysis (Glucose, | Lipids, Corporation
Total Lipids, Cholesterol,
Cholesterol, Triglycerides
Triglycerides)
Ichroma Il Fluorescence CRP Boditech Boditech
immunoassay Med Inc. Med Inc.
(CRP)
Ichroma Il Fluorescence HbAlc Boditech South
Immunoassay Med Inc. Korea
(HbAlc)
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Table (3-4): ELISA Devices and Kits Used in the Study

Device/Kit Application Manufacturer | Country
Name of Origin
Human IL-10 Measurement of IL-10 in | Elabscience China
ELISA Kit serum
Human IL-18 Measurement of IL-18 in | Elabscience China
ELISA Kit serum
Human TNF-a Measurement of TNF-a. | Elabscience China
ELISA Kit in serum
Human bFGF Measurement of bFGF in | Elabscience China
ELISA Kit serum
Microplate Absorbance reading for BioTek USA
Reader (800 TS) | ELISA Instruments
(Agilent)
ELISA Plate Microplate for ELISA Elabscience China
(96-well) testing
Micropipette Set | Precise dispensing of SLAMED Germany
reagents and samples
Incubator Incubation of ELISA Memmert Germany
microplates
3.2. Methods

3.2.1. Study Design and sample collecting

Individuals with type 2 diabetes and diabetic foot ulcers (DFU) who attended the
Diabetes Centers at Al-Hashimiyah General Hospital and Al-Qassim General
Hospital in Babylon Province between September 2024 and February 2025 were
included in the study. Each patient was diagnosed with DFU by a specialist, with
confirmation provided through X-ray imaging. It included a total of 90 participants

60 patients and 30 healthy controls and confirmed DFU consistently attended
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follow-up appointments and received standard wound care (SWO) throughout the

study period.
3.2.2.Study of Design

The study was conducted at the Diabetes Center in Hashimiyah General Hospital
and Al-Qassam General Hospital in Babylon province during the period from
September 2024 to February 2025. It included a total of 90 participants: 60 patients

and 30 healthy controls. The participants were divided into three groups as follows:

Group 1: This group consisted of 30 diabetic patients with Diabetic Foot Ulcer
(DFU), selected from the Diabetes Center in Babylon province. Among them, 22

were male and 8 were female.

Group 2: This group included 30 diabetic patients without Diabetic Foot Ulcer
(DFU), also selected from the Diabetes Center in Babylon province. It comprised 5

males and 25 females.

Group 3: The control group consisted of 30 healthy individuals without diabetes or
DFU. They were randomly selected from the general population while visiting Al-
Aamil Laboratory for routine checkups. This group included 16 males and 14

females.
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3.3. Blood Samples Collection

Approximately 5 ml of venous blood was collected from the participant after the
cubital fossa was disinfected with 70% ethanol, A tourniquet was applied, and
venipuncture was performed using disposable syringes, For hematological analysis,
2 ml of the blood was transferred into an EDTA tube, The remaining 3 ml was placed
in a gel tube, allowed to clot, and then centrifuged at 4000 RPM for 10 minutes to
separate the serum, The serum was subsequently transferred to an Eppendorf tube

and stored at -20°C for use in immunological testing.

3.3.1. Biochemical Tests

Blood samples3ml were collected in gel tube and left to clot for 15 minutes in
room temperature (20-25) °C, Then, after collecting, it was centrifuged at (4000
rpm) for approximately (10) min period to obtain serum, the isolated serum of
samples was distributed into 3 aliquots (0.5ml) in tightly closed Eppendorf tubes,
and then the tubes were stored at -20 C until assayed for immunological markers
testing by ELIZA.

3.3.1.1. Conduct the C-reactive protein (CRP) test

We conduct the C-reactive protein (CRP) test using the ichroma™ || system by
following these steps:

1.Use the empty sample collector to pierce the top of the detection solution container.

2.Draw a 10 pL aliquot of the sample (whole blood, serum, plasma, or control) using
the sample collector.

3.Dispense the collected sample into the detection solution container.Mix
thoroughly by stirring at least ten times to ensure complete release of the sample
from the collector.

4.The prepared mixture must be used within 30 seconds to maintain test accuracy.
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Remove the cap from the assembled tube.Discard the first two drops of the mixture.
5.Dispense exactly two drops of the mixture into the sample well of the test cartridge.

6.Let the cartridge stand at room temperature for 3 minutes before inserting it into
the ichroma™ instrument.

7.Insert the cartridge into the holder.Press the "Select" or "Start" button to
automatically begin the scanning process.

8.The test results will be displayed on the screen after the analysis is completed.

(Boditech Med Inc., 2022).

3.3.1.2. HbA1c Test Procedure

The Hemoglobin Alc (HbAlc )test was conducted to estimate the average blood
glucose level over the past two to three months using a point of care testing system

according to the following steps.

1.A blood sample was collected either via fingerstick or venipuncture using a sterile

collection tool.Approximately 4 uL of blood was obtained for the test.

2.The collected blood was transferred into a reagent tube containing a specific
hemoglobin detection buffer.The tube was tightly sealed and gently inverted 6 to 8

times to ensure thorough mixing.

3.The reaction mixture was incubated at room temperature for 3 to 5 minutes, as

recommended by the manufacturer's protocol.

4.A portion of the prepared sample was dispensed into the sample well of a single-

use test cartridge.
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5.The cartridge was allowed to rest undisturbed for approximately 3 minutes to

stabilize the reaction components.

6.The cartridge was inserted into the iChroma Il device slot, and the test was initiated

by pressing the “Start” button.

7.The analyzer automatically processed the sample and displayed the HbAlc result
within 3 to 15 minutes,Results were reported as a percentage of total hemoglobin
concentration,Interpretation followed the criteria of the American Diabetes
Association (ADA)HbALc < 5.7%: Normal glycemic controlHbAlc between 5.7%
and 6.4%: PrediabetesHbA 1¢ > 6.5%: Indicative of diabetes mellitus( Boditech Med
Inc. 2022).

3.3.1.3. The lipid profile test on the FUJIFILM DRI-CHEM NX600 is a total
Cholesterol (TCHO), Triglycerides (TG), HDL-Cholesterol (HDL-C) and LDL-
Cholesterol (LDL-C) tests in blood. It is performed using a FUJI DRI-CHEM
SLIDE designed for this test. The detailed steps are as per the manufacturer’s
instructions: Sample Preparation:

1. Serum or plasma samples were utilized for the analysis.

2. Plasma was collected using anticoagulants such as EDTA, both of which were
considered acceptable for use.

3. All samples were carefully inspected to ensure they were free from clots and air
bubbles, as these could compromise analytical accuracy.

4. Test slides were inserted into the designated compartment of the machine

according to manufacturer instructions.

5. Approximately 10 uL of the prepared sample was applied to the sample pad using
the designated applicator.

6. The analysis was started by pressing the Start button on the instrument.
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7. The FUJIFILM DRI-CHEM NX600 analyzer (FUJIFILM Corporation. (2020). was

powered on and allowed to initialize until it was ready for operation

3.3.2. Biomarkers Profile Assay by ELISA Technique:

The serum level of interleukin 18, interleukin 10, TNF-a &BFGF were
determined by classic sandwich-ELISA using ELISA research Kits.

3.3.2.1. Measuring the Concentration of Serum Human interleukin 18 in
Patients’ Blood.

The serum level of IL-18 was measured using Ela science® ELISA kit (Intra-
Assay: CV<5.39 %, Inter-Assay: CV<7.43%, and sensitivity: 9.38 pg/mL). The

guantitative sandwich enzyme immunoassay method was used in this test.

*Test Principle

This assay employs a sandwich ELISA technique. The provided microplate is pre-
coated with an antibody specific to human IL-18. Standards or samples are added to
the wells and bind to the specific antibody. A biotinylated detection antibody and
avidin-HRP conjugate are added successively. After washing away unbound
substances, a substrate solution is added that produces a blue color, turning yellow
after adding the stop solution. The optical density is measured at 450 £ 2 nm and is

proportional to the concentration of IL-18 in the sample (Elabscience,2024a).

*Reagent Preparation

Use high-purity deionized or distilled water at room temperature (18-25°C).
Wash Buffer: Dilute 30 mL of 25x Wash Buffer with 720 mL distilled water to
prepare 750 mL working solution. Warm if crystals form.
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centrifuging at 10,000xg. Prepare serial dilutions: 1000, 500, 250, 125, 62.5, 31.25,
15.63, and 0 pg/mL. Biotinylated Detection Ab: Dilute 1:99 with its diluent (prepare
fresh). HRP Conjugate: Also dilute 1:99 with its specific diluent before use.

500uL 500uL 500uL 500uL 500uL 500uL

= YW W W W Wen

-
250 125 62.5

1000 500 31.25 15.63 0

Figure (3-2) Dilution of standard solutions

The concentration of IL-18 in unknown samples is calculated using the following

proportional formula: Total IL-18 concentration

Total IL-18 concentration = A Test/ A STD x Concentration of STD
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Figure (3-3).standard curvefor the IL-18 levels in test samples.

3.3.2.2. Measuring the Concentration of Serum Human interleukin 10in
Patients’ Blood.

The serum level of IL-10 was measured using using Elabscience® Catalog No:
E-EL-H6154) This ELISA kit offers a high sensitivity of 0.94 pg/mL, with a
detection range from 1.56 to 100 pg/mL. No significant cross-reactivity or
interference with IL-10 analogues was observed. The coefficient of variation (CV)
is less than 10%.

*Test Principle

This assay employs the Sandwich-ELISA technique. The microplate is pre-coated
with an antibody specific to human IL-10. Samples or standards are added to the
wells and bind to the immobilized antibody. A biotinylated detection antibody
specific to IL-10 is added, followed by Avidin-HRP conjugate. After washing,
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substrate solution is added, which turns blue in the presence of IL-10, and then
yellow after adding stop solution. The optical density (OD) is read at 450 = 2 nm
and correlates with the IL-10 concentration in the sample. concentration in the
sample. (Elabscience,2024b).

* Preparation of Serial Dilutions for Human Interleukin-10 (IL-10) Standard
in ELISA Assay

To construct the standard curve for the quantitative determination of Human
Interleukin-10 (IL-10) using an ELISA assay, a series of two-fold serial dilutions
was prepared starting from a 100 pg/mL reference standard. In each step, 500 uL of
the previous concentration was transferred into a new tube containing 500 pL of
diluent, resulting in the following final concentrations: 100, 50, 25, 12.5, 6.25, 3.13,
and 1.56 pg/mL. An additional tube containing only diluent was used as the zero
standard (0 pg/mL).

500uL 500uL 500uL 500uL 500uL 500uL

= W W W Wen Wan |

Figure (3-4) Dilution of standard solutions
*Assay Procedure

Add 100 pL of standards, blank, and samples to each well. Incubate for 90 minutes
at 37°C. Decant the solution. Add 100 pL of biotinylated antibody. Incubate for 1
hour at 37°C. Wash 3 times with Wash Buffer. Add 100 uL. of HRP conjugate.
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Incubate for 30 minutes at 37°C. Wash 5 times with Wash Buffer. Add 90 uL of
Substrate Reagent. Incubate for 15 minutes at 37°C in the dark. Add 50 pL of Stop

Solution. Measure absorbance at 450 nm immediately.

*Results Analysis

This graph illustrates the standard curve showing the relationship between known
concentrations of Interleukin-10 (IL-10) and the corresponding optical density (OD)
values measured using the ELISA method. As observed, there is a direct linear
correlation, indicating that OD increases proportionally with the concentration of IL-
10. This confirms the reliability of the standard preparation and the validity of the
curve for quantifying unknown sample concentrations. The standard curve serves as
a foundational tool to translate OD readings into actual IL-10 concentrations using

either a linear or logarithmic regression model.

Mathematical Equation for IL-10 Concentration Calculation The concentration of

IL-10 in unknown samples can be estimated using the following formula:

Total IL-10 Concentration = A Test/ A STD x Concentration of ST.
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Figure (3-5) This curve is used to interpolate the IL-10 levels in test samples.

3.3.2.3. Measuring the Concentration of Serum Human Tumor Necrosis
Factor-alpha (TNF-a in Patients’ Blood).

The serum level of Human Tumor Necrosis Factor-alpha was measured using
Elabscience®.ELISA-Based Quantification of Human TNF-a Using the
Elabscience® Kit (E-EL-H0109) The kit exhibits a sensitivity of 4.69 pg/mL and a
detection range from 7.81 to 500 pg/mL. It demonstrates high specificity for human

TNF-a with no significant cross-reactivity with related cytokines or proteins.

*Assay Principle

The assay employs the Sandwich-ELISA technique. A microplate pre-coated with
a monoclonal antibody specific for human TNF-a captures the target analyte. After

sample or standard addition, a biotinylated detection antibody is introduced,
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followed by HRP-conjugated avidin. The reaction is visualized using a TMB
substrate, which yields a blue color that turns yellow upon the addition of stop
solution. The optical density (OD) is measured at 450 + 2 nm, and the concentration

Is determined using a standard curve. (Elabscience,2024c).
*Reagent Preparation

Distilled or Deionized Water: Used to dilute the concentrated wash buffer.
Wash Buffer: Prepare by diluting 30 mL of 25x Wash Buffer with 720 mL distilled
water to make 750 mL of 1x Wash Buffer. Standard Solution: Reconstitute the
lyophilized standard with 1 mL of Reference Standard & Sample Diluent, allow it
to dissolve completely, then perform serial dilutions to prepare a standard curve
ranging from 500 pg/mL to O pg/mL. Detection Antibody: Dilute the 100x
Biotinylated Detection Antibody at a 1:99 ratio with its specific diluent. HRP
Conjugate: Similarly, dilute the 100x HRP Conjugate at a 1:99 ratio with its diluent
just before use.

500uL 500uL 500uL 500uL 500uL 500uL

= Y W W Wen Wan |

500 250 125 62.5 31.25 15.63 7.81 0

Figure (3-6) Dilution of standard solutions
*Assay Procedure

Add 100 pL of standards, blank, or samples to each well. Incubate at 37°C for 90
minutes. Add 100 pL of Biotinylated Detection Antibody and incubate for 60
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of HRP Conjugate and incubate for 30 minutes at 37°C. Wash wells five times. Add
90 uL of Substrate Reagent and incubate 15 minutes at 37°C in the dark. Add 50 uL.
of Stop Solution to each well in the same order a substrate addition. Read absorbance

at 450 nm immediately.

*Result Interpretation

The OD values are averaged for duplicate wells and the blank OD is subtracted.
A standard curve is constructed using a four-parameter logistic (4-PL) model.
Sample concentrations are calculated from this curve and adjusted by the dilution

factor, if applicable.

Mathematical Equation for IL-10 Concentration CalculationThe concentration of

IL-10 in unknown samples can be estimated using the following formula:

Total TNF-a concentration = A Test/ A STD x Concentration of STD.
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Figure (3-7) Standard Curve for Human TNF-a measured by ELISA.

3.3.2.4. Measuring the Concentration of Serum Human bFGF/FGF2 (Basic
Fibroblast Growth Factor) in Patients’ Blood

The serum level of bFGF/FGF2 was measured using Elabscience® ELISA kit
(Intra-Assay: CV<5.99 %, Inter-Assay: CV< 8.69%, and sensitivity: 18.75pg/mL).

The quantitative sandwich enzyme immunoassay method was used in this test.

*Principle of the Assay

This kit utilizes the Sandwich ELISA technique. The 96-well microplate is pre-
coated with an antibody specific to human BFGF/FGF2. Samples or standards are
added to the wells, allowing the BFGF/FGF2 to bind to the immobilized antibody.
A biotinylated detection antibody specific for BFGF/FGF2 is then added, followed
by the addition of Avidin-Horseradish Peroxidase (HRP) conjugate. After

incubation and washing, a substrate solution (TMB) is added, producing a blue color
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that turns yellow upon the addition of stop solution. The absorbance is measured at
450 £ 2 nm, and the concentration is determined by comparison to a standard curve.
(Elabscience,2024d).

*Reagent Preparation

Wash Buffer: Dilute 30 mL of the 25% concentrated wash buffer with 720 mL of
distilled or deionized water. Standard Solution: Centrifuge and reconstitute with 1
mL of diluent. Perform serial dilutions to generate standards. Biotinylated Detection
Antibody: Dilute 1:99 with the provided diluent (e.g., 10 uL stock + 990 uL diluent).
HRP Conjugate: Dilute 1:99 with the HRP diluent (e.g., 10 pL stock + 990 uL
diluent).

500uL 500uL 500uL 500uL 500uL 500uL
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Figure (3-8) Dilution of standard solutions
*Assay Procedure

Add 100 uL of standards, samples, and blank to wells. Incubate for 90 min at
37°C. Discard and add 100 pL of detection antibody. Incubate for 1 hour at 37°C..
Wash 3 times with 350 pLL wash buffer. Add 100 uL. of HRP conjugate. Incubate 30
min at 37°C. Wash 5 times. Add 90 pL of substrate. Incubate ~15 min at 37°C in the
dark. Add 50 pL of stop solution. Read OD at 450 nm.
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*Results Interpretation

Calculate the average OD for duplicates. Subtract blank OD. Construct a standard
curve using a 4-PL fit. Determine sample concentration by comparing with the
curve. Dilute and reanalyze sampl Standard Curve of Human bFGF ELISA Assay.
As the bFGF concentration increases, the absorbance rises correspondingly,
allowing the quantification of unknown sample concentrations through

interpolation.

Total bFGF concentration = A Test/ A STD x Concentration of STD
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Figure (3-9) Standard Curve for Human bFGF measured by ELISA.
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3.4. Statistical analysis

Data were collected, summarized, analyzed and presented using statistical
package for social sciences (SPSS) version 2 6and Microsoft Office Excel 2010.
Numeric data were presented as mean, SE: standard Error after performance of
Kolmogorov-Smirnov normality test and making decision about normally and non-
normally distributed variables. Independent sample t-test was used to study
difference in mean between any two groups provided that the variable is normally
distributed. Mann Whitney test was used to study difference in median between
two non-parametric groups. One-way a nova test was used to study difference in
mean among more than two groups provided that the variable is normally
distributed. Chi-square test was used to study association between any two
categorical variables. In order to detect the cutoff value that predict a positive
finding, receiver operator characteristic (ROC) curve analysis was used with its
corresponding area under the curve (AUC), accuracy level, sensitivity, specificity
and level of significance (P). Pearson correlation was used to evaluate the
correlation between any 2 numeric variables and the results were expressed as
correlation co-efficient (r) and the level of significance (P). The level of significance
was considered at P-value of less 0.05 and highly significant level at 0.01 or less
(Daniel, 2018).
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4. Results and Discussion

4.1. Demographic characteristics

According to age the mean age of Ulcer patients was 59.93 = 10.8 years old,
58.76 = 9.3 years old for DM patients, and that of control subjects was 54.40 + 8.60
years old and there was non-significant difference between patients and control
subjects in mean age (P = 0.158). Regarding age group, Ulcer patients included 4
(13.3%) less than 50 years, 8 (26.7%) between 50-59 years, and 18 (60.0%) more
than 60 years, DM patients included 7 (23.3%) less than 50 years, 3 (10.0%) between
50-59 years, and 20 (66.7%) more than 60 years, while control group included 9
(30.0%) less than 50 years, 9 (30.0%) between 50-59 years, and 12 (40.0%) more
than 60 years and there was non-significant difference in the frequency distribution

of patients and control subjects according to age groups (P=0.132).

Table (4-1) Comparison between patients and control groups in Age group.

| Ulcer DM patients | Control
Characteristic P
n =230 n =230 n=30
Age (years)
Mean+SD  |59.93+10.8 |58.76+9.3 |5440+860 0158
T
Range 32-85 years 28— 83 years | 33— 71 years NS
41-50,n (%) |4 (13.3%) 7 (23.3%) 9 (30.0%)
0.132
51-60, n (%) | 8 (26.7%) 3 (10.0%) 9 (30.0%) ¥
NS
61-70years 18 (60.0%) 20 (66.7%) 12 (40.0%)
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n: number of cases; SD: standard deviation; 1: one way ANOVA,; ¥: Chi-square test;

NS: non-significant at P >0.05

the results showed that patients with DM age(51-60) years had ahigher risk of(DFU)
than those in other age groups. There was no significant difference in mean age
between the patient and control groups (P = 0.158). As in the table (4.1) displays the
age group distribution of participants. Analysis of this distribution revealed a clear
trend: most patients with diabetic foot ulcers (DFU) and diabetic patients without
ulcers were over 60 years old, comprising 60.0% and 66.7% of those groups. In
comparison, only 40.0% of the control group was in this age range. The difference
in age group distribution between patients and controls was not statistically
significant (P = 0.132). This indicates that although older age was more common
among patients, it did not independently differentiate the groups. This finding was
somewhat similar to that of (Al-Rubeaan et al., 2015) who reported that older
patients tend to experience significantly more complications than younger ones. This
may be risk factors like age related decline in healing ,reduced mobility,co-existing
health conditions severity of narrowed blood vesseles and the generally weaker
immune systems of elderly individuals. These findings also in agreement with the
study by (McHugh, 2013). The higher percentage of individuals over 60 in the
diabetic groups supports existing research indicating that the risk of developing type
2 diabetes and its complications increases steadily after the age of 50, with a notable
rise after 60. This pattern is thought to result from age-related declines in insulin

sensitivity, beta-cell function, and levels of physical activity (Kirkman et al., 2012).
4.2. Sex

Regarding to sex in overall, 43 (47.8%) male and 47 (52.2%) female were
included, Ulcer patients included 22 (73.3%) cases were male gender and 8 (26.7%)
cases were female, DM patients included 5 (16.7%) cases were male gender and 25
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(83.3%) cases were female, while control group included 16 (53.3%) cases were
male gender and 14 (46.7%) cases were female and there was significant difference
in the frequency distribution of patients and control subjects according to gender (P=
0.001).As in table (4:2).

Table (4-2) :Comparison between patients and control groups in gender.

Sex
Study groups Total [P-value
Y 9rOLP Male Female
Ulcer patients |22 (73.3%)* | 8 (26.7% 30
p (73.3%)* | 8 (26.7%) 0.001

Groups | DM patients |5 (16.7%) 25 (83.3%) |30 é

Control 16 (53.3%) |14 (46.7%) |30
Total 43 (47.8%) |47 (52.2%) |90

¥: Chi-square test; S: significant at (P <0.05)

Regarding gender, a higher prevalence of DFU was observed among males. The
study identified a statistically significant difference in gender distribution among the
three groups(P <0.05) as shown in table (4-2), with males appearing more
susceptible. This result is consistent with earlier studies indicating that men have a
higher incidence of foot ulcers, potentially due to behavioral and physiological
factors such as increased physical activity, lower adherence to self-care practices,
and higher exposure to foot injuries. Moreover, sex hormones like estrogen,
testosterone, may influence immune function and wound healing, which could
explain the poorer outcomes in males with poorly managed diabetes (Armstrong et
al., 2017; Zhang et al., 2022; American Diabetes Association, 2023).
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4.3. Some risk factors

The frequency distribution participant groups according to some features are
shown in table (4-3), The frequency distribution of patients according to smoking
the difference was non-significant (P= 0.638), Furthermore, the frequency
distribution of patients according to hypertension was as the difference was non-
significant (P= 0.551), Also, the frequency distribution of patients according to
insulin intake, and the difference was significant (P=0.015), where half patients with

ulcer have insulin intake.

Table (4-3): Frequency distribution of participant groups according to some risk

factors features.

Characteristic Ulcer foot DM patients | Control P
n=230 n=230 n =30 value

Smoking

Positive, n (%) |5 (16.7%) 7 (23.3%) 8 (26.7%) 0.638

Negative, n (%) |25 (83.3%) 23 (76.7%) 22 (73.3%) N¥S

Insulin intake

Positive, n (%) | 15 (50.0%)* | 6 (20.0%) 0.015

Negative, n (%) |15 (50.0%) 24 (80.0%) S¥

Hypertension

Positive, n (%) |14 (46.7%) 13 (43.3%) 10 (33.3%) 0.551

Negative, n (%) | 16 (53.3%) 17 (56.7%) 20 (66.7%) ES

n: number of cases; ¥: Chi-square test; NS: not significant at (P > 0.05) S: significant
at ( P <0.05). * significant
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In table (4-3) revealed that smoking prevalence among the three groups did not
exhibit a statistically significant difference (P = 0.638). Specifically, 16.7% of
patients with diabetic foot ulcers (DFUs) were smokers, in comparison to 23.3% of
diabetic individuals without ulcers and 26.7% of the healthy control group. This
association might be confounded by variables such as the duration of diabetes and
the level of glycemic control. These findings Conflicts with those of (Abeer Elnour
,2021); however, they diverge from earlier studies, which have demonstrated that
smoking elevates the risk of diabetic neuropathy and atherosclerosis—~both critical

contributors to the development of diabetic foot ulcers (Armstrong et al., 2017).

Regarding hypertension, findings indicated that 46.7% of DFU patients had
hypertension, versus 43.3% of non-ulcer diabetic individuals and 33.3% of the
healthy control group, with no statistically significant difference (P = 0.551) as in
table (4-3) This finding is supported by certain studies suggesting that although
hypertension is a recognized risk factor for cardiovascular disease, it does not serve
as a specific predictor for the occurrence of diabetic foot ulcers (Boulton et al.,
2005). Hypertension which damages small blood vessels in the skin ,leading to

reduced blood flow tissue damage

In contrast, insulin therapy demonstrated a statistically significant difference
among diabetic patients (P = 0.015). 50.0% of patients with foot ulcers were on
insulin treatment compared to only 20.0% of diabetic patients without ulcers. The
results further indicated that a greater proportion of DFU patients had poor glycemic
control (93.1%) relative to diabetic individuals without ulcers, who generally
maintained better glycemic control. The higher rate of insulin use among DFU
patients may suggest that these individuals are in a more advanced stage of diabetes
or have more severe disease progression, where oral medications are no longer

sufficient, and insulin becomes necessary, Poor glycemic control is a well-known
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risk factor for the development of diabetic complications, including foot ulcers,

These findings are consistent with those reported by (Purwanti et al., 2016).

4.4. Some clinical features associated with Ulcer

The frequency distribution of Ulcer patients according to some clinical features
are shown in table (4-4). The frequency distribution of ulcer patients according to
ulcer site was as of ulcer patients with sole site and of ulcer patients with back site,
there was non-significant difference (P=0. 446) The frequency distribution of ulcer
patients according to ulcer type was as with superficial type, with deep type, and of
ulcer patients with bone type, and the differences was significant (p= 0.025). The
frequency distribution of ulcer patients according to Ulcer swelling was as) there
was non-significant difference (P= 0.144) Regarding to Duration of Ulcer was non-
significant difference (P= 0.273).

Table (4-4): The frequency distribution Ulcer patients according to some clinical

features
Characteristic Ulcer Patients P value
n (%o)
Ulcer site
Sole, n (%) 13 (43.3%) 0.465
¥
hind, n (%) 17 (56.7%) NS
Ulcer type
Superficial, n (% 13 (43.3%
p (%0) ( ) 0.025%
Deep, n (%) 14 (46.7%) ¥
S
With bone, n (%) 3 (10.0 %)
Ulcer swelling
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Swelling, n (%0) 19 (43.3%) 0.144
Without swelling, n (%) | 11 (46.7%) ¥ NS
Duration of Ulcer

<1 year, n (%) 18 (60.0%) 0.273
> 1 year, n (%) 12 (40.0%) ¥NS

n: number of cases; ¥: Chi-square test; S: significant at( P <0.05).* significant/
nSnon sig(P >0.05)

Regarding ulcer site, most cases had ulcers located on the hind of the foot (17
patients, 56.7%), compared to 13 patients (43.3%) with ulcers on the sole. Although
this difference was not statistically significant (p=0.465), As in table (4:4)
mechanical factors such as increased pressure or friction in that area especially in
diabetic patients with peripheral neuropathy and loss of protective sensation, these

results are comparable to the results reported by by (Driver et al., 2015).

Ulcer type is classified into superficial ulcer, deep ulcer, ulcer with bone
involvement, and ulcer with gangrene, the majority of cases were of deep ulcers
(46.7%), followed by superficial ulcers (43.3%), while bone-exposing ulcers were
the least common (10%), and the difference was statistically significant (p=0.025).
due to delayed diagnosis or poor glycemic control. This result identical with study
of (Lavery et al., 2006).

As for swelling, with no significant difference (p=0.144). This suggests that
swelling may not be a defining feature or an independent marker of ulcer severity in
all cases, but could reflect stages of localized inflammation or infection These results

are comparable to the results reported by (Jeffcoate & Harding, 2003).

In terms of ulcer duration, most patients (60%) had ulcers persisting for more than

a year, while 40% had ulcers of less than one year duration, with no statistical
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significance (p=0.273). due to impaired tissue regeneration and associated vascular
or immune problems These findings are consistent with those reported by (Prompers
et al., 2008).

4.5. Results of metabolic factors (Glucose and HbA1c) in patients and
healthy controls.

The comparison of metabolic factors (Glucose and HbA1c) between patients and
control group has been carried out and the results were demonstrated in table (4-5).
Mean levels of Glucose were, in Ulcer patients, DM patients and healthy control
group respectively; the mean levels were higher in both groups of patients (Ulcer
patients and DM patients) in compared to healthy control and the difference was
highly significant (P < 0.001). But there was non-significant difference between
Ulcer patients and DM patients themselves. The mean of HbAlc were in Ulcer
patients, DM patients and healthy control group respectively; the mean was higher
in both groups of patients (Ulcer patients and DM patients) in compared to healthy
control and the difference was highly significant (P < 0.001). But there was non-

significant difference between Ulcer patients and DM patients themselves.

Table (4-5) :Comparison of metabolic factors (Glucose and HbA1c) in patients and

healthy controls

Groups Glucose (mg/dl) HbAlc (%)
B B
Ulcer Mean £ SD | 243.45 + 27.85 951+21
CeLlEiE Range 165.00-353.00 6.80-13.50
Mean + SD [227.03 +28.618 8.61+1.8B
DM patients
Range 134.00-393.00 6.20-12.90
Control Mean = SD [85.20 + 6.93A 5.27 £ 0.49A
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Range 72.00-109.00 4.30-6.00
p-value 0.001** 0.001**

Different letters denote to the significant differences at p< 0.05
SD: standard deviation; 7: one way ANOVA; **: significant at P <0.0 5Different

letters represent significantly higher than control

The results shown in table (4-5) indicate a clear elevation in fasting blood glucose
(FBG) and glycated hemoglobin (HbAlc) levels among both diabetic foot ulcer
(DFU) patients and diabetic patients without ulcers, compared to the healthy,the
mean glucose(DFU) , diabetic patients, and healthy controls. Similarly, the mean
(HbAlc), These results show a statistically significant difference (P < 0.001)
between patient groups and healthy individuals, the difference between DFU and
diabetic patients was not statistically significant, The HbAlc levels are significantly
elevated in both diabetic groups compared to controls, indicating chronic poor
glycemic control. The value is even higher in patients with foot ulcers, suggesting
that inadequate long-term glucose management may contribute to the development
of diabetic foot complications. this result can be compared with the findings of a
previous by (Dekker et al., 2016) suggesting poor glycemic control in both groups
regardless of ulcer status. he occurrence of diabetic foot ulcers has been linked to
high blood sugar levels an investigation conducted in Iran found a connection
between inadequate blood glucose regulation and the presence of diabetic foot ulcers
(Kateel et al., 2018). Research by (Kumar etal.,2016) indicated that ulcer recovery
progressed more rapidly among individuals with reduced levels of glycosylated
hemoglobin. Additionally, (Hemmingsen et al.,2013) identified a 35% decrease in
the likelihood of lower-limb amputations among those with strict blood sugar
control. The data on fasting blood glucose and HbA1C is displayed in Table (4.5).

It revealed a higher average HbA1C (mean = 9.47) in ulcer patients compared to
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healthy controls, although the variation was not statistically significant (p = 0.098).
Elevated HbA1c levels serve as a robust indicator for diabetes-related complications
(Al-Shaheeb et al., 2022). Elevated blood glucose has been recognized as a
contributing factor in the emergence of diabetic foot ulcers due to its role in
triggering peripheral neuropathy and microvascular issues (Al Kafrawy et al., 2014).
Insufficient glycemic management stands as a primary contributor to the onset of

diabetes-related health issues.

Effective regulation of blood sugar levels can prevent all associated
complications, including diabetic foot ulcers (Marzog et al., 2019). The study
confirmed that diabetes-related complications are closely tied to average blood sugar

levels, as determined by HbAlc measurements (White et al., 2010)

4.5.1. Correlation between metabolic factors (Glucose and HbALc) in both

group patients.

The correlations between metabolic factors (Glucose and HbALc) in both group
patients were shown in tables (4-6) and (4-7). The present results show there was
significant correlation between Glucose level and HbAlc (r= 0.531, p= 0.004) in
Ulcer patients and Glucose level and HbAlc (r= 0.685, p= 0.001) in DM patients.

Table (4-6): Correlation between metabolic factors (Glucose and HbA1c) in Ulcer

patients
Metabolic factors
Parameters Glucose HbAlc
R P R P
Glucose 1
HbAlc 0.531 0.004** 1

r: correlation coefficient.
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Table (4-7). Correlation between metabolic factors (Glucose and HbA1lc) in DM

patients
Metabolic factors
Paramete rs G I ucose H bAlC
R P R P
Glucose 1
HbAlc 0.685 0.001** 1

r: correlation coefficient.

The results in Tables (4-6) and (4-7) indicate a statistically significant positive
correlation between blood glucose levels and HbAlc concentrations in both diabetic
foot ulcer patients and diabetic patients without ulcers. The correlation coefficient
was (r =0.531, p =0.004) in the ulcer group, and higher (r = 0.685, p = 0.001) in the
diabetic group, suggesting a to Moderate positive correlation relationship in both
groups, For patients with ulcers, the correlation coefficient was r = 0.531 and the p-
value was 0.004, signifying a moderate positive association. Among diabetic
individuals without ulcers, the correlation was stronger, with a coefficient of r =
0.685 (p = 0.001), indicating a strong positive relationship,higher glucose levels
mean more glucose hemoglobin this process is the basis for using HbAlcas amarker
for long-term blood sugar control in in DM patients,. Elevated blood levels typically
lead to increased hemoglobin glycation (Sherwani et al., 2016; American Diabetes
Association, 2024). The more pronounced correlation in the non-ulcer diabetic group
may point to more consistent blood sugar in these individuals, in contrast to those
with ulcers who may experience variable glucose levels due to infections,

inflammation, or stress responses linked to wound healing (Zubair et al., 2021).
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4.6. Results of lipid profile (Triglycerides, Cholesterol, LDL and
HDL) in patients and healthy controls.

The comparison of lipid profile (Triglycerides, Cholesterol, LDL and HDL)
between patients and control group has been carried out and the results were in table
(4-11) Mean levels of serum triglycerides were, in Ulcer patients, DM patients and
healthy control group respectively; the mean levels was higher in both group of
patients in compared to control group and the difference was significant (P <0.05).
But the mean levels were non-significant difference between Ulcer patients and DM
patients themselves (P >0.05). The mean levels of serum cholesterol were, in Ulcer
patients, DM patients and healthy control group respectively; the mean levels were
lower in Ulcer patients in comparison to other groups and the difference was
significant (P <0.05). Regarding the mean levels of serum low-density lipoprotein
(LDL) were, in Ulcer patients, DM patients and healthy control group respectively;
the mean levels was lower in both group of patients in compared to control group
and the difference was significant (P <0.05). But the mean levels were non-
significant difference between Ulcer patients and DM patients themselves (P >0.05).
The mean levels of serum High-density lipoprotein (HDL) were, in Ulcer patients,
DM patients and healthy control group respectively; the mean levels were lower in
Ulcer patients in comparison to other groups and the difference was significant (P <
0.05).

Table (4-8): Results of lipid profile (Triglycerides, Cholesterol, LDL and HDL) in
patients and healthy controls.

. .. | Ulcer patients | DM patients Control
Characteristic n=30 n=30 n=30 P
Triglycerides (mg/dl)

Mean+ SE 158.07 + 23.6 | 174.6 + 27.94 116.9+ 20.4% | 0.014
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Range 73.0- 321.0 77.0-351.0 77.0 - 368.0 ST
Cholesterol (mg/dl)
Meant SE 126.2 +21.5% |162.4+19.98 165.8 + 16.98 | 0.001
Range 62.0- 196.0 90.0 — 235.00 124.0 - 234.0 g
low-density lipoprotein (LDL) (mg/dl)
Meant SE 108.5+10.84 |101.7+11.3* 75.0+8.11B 0.001
Range 71.0- 138.00 65.0-150.0 55.0 - 144.0 SJr
High-density lipoprotein (HDL) (mg/dl)
Meant SE 26.7 £ 6.44 36.50 + 8.58 65.61 + 8.35
0.011
Range 10.0- 49.0 16.00 - 66.0 51.00 —75.00 ST
Different latter denote to the significant differences at p< 0.05

n: number of cases; SE: standard Error; : one way ANOVA; HS: Highly significant
at P <0.001

Different latter denote to the significant differences at( p< 0.05)

n: number of cases; SE: standard Error; 1: one way ANOVA; HS: Highly significant
at( P <0.001)

This study examined lipid components triglycerides, total cholesterol, LDL (low-
density lipoproteins), and HDL (high-density lipoproteins) across three groups:
diabetic patients with foot ulcers, diabetic patients without ulcers, and healthy
individuals, as shown in table (4-8), The findings revealed significant alterations in
these lipid markers, indicating disrupted lipid metabolism in diabetic patients,
particularly those with foot ulcers. Both DFU and DM groups exhibited significantly
elevated serum triglyceride levels compared to the control group (P = 0.014). In a
healthy state, insulin suppresses the activity of hormone-sensitive lipase in fat cells,
thereby limiting fat breakdown. But when insulin resistance occurs, this suppression

becomes less effective, causing an increased breakdown of fat and a surge of free

61



Chapter Four Results and Discussion

fatty acids (FFAS) into the bloodstream (Samuel and Shulman, 2016). These FFAs
are taken up by the liver and converted back into triglycerides, which are then packed
into VLDL particles, leading to their excessive production and elevated blood levels
(Adiels et al., 2008).These findings in agreement the results reported by (Al-Maskari
and El-Sadig, (2007) Patients with diabetic foot ulcers tend to have elevated
triglyceride (TG) levels, which are linked to reduced blood flow and slower wound
healing. Patients with foot ulcers had notably lower total cholesterol levels (126.2
mg/dL) than those in other groups, Several physiological and medical factors help
explain why people with diabetic foot ulcers (DFUs) tend to have lower total
cholesterol levels compared to healthy individuals, A major reason is that many
diabetic patients are prescribed statins and similar cholesterol-lowering drugs to help
reduce their risk of heart disease, These medications work by blocking the liver’s
ability to produce cholesterol, which leads to lower levels in the blood. healing
chronic wounds like DFUs requires the body to use more phospholipids and
cholesterol to rebuild cell membranes and support the controlled inflammation
needed for recovery, Poor nutrition, which is often seen in people with long-term
diabetes complications, may further reduce the raw materials needed to make
cholesterol diabetes and certain medications can affect how well the liver works,
potentially disrupting cholesterol production and regulation, The results of our study
can be compared with those of previous studies. (Goldberg, 2020; Ali et al., 2020;
Zhao et al., 2021; Ahmed et al., 2021; Jones et al., 2022). LDL levels were reduced
in patients with DFU and DM, possibly as a result of medication or enhanced lipid
usage. This result agrees with by (Idogun & Ajala ,2010). The lowest HDL level was
observed in patients with foot ulcers (26.7 mg/dL), serving as a negative indicator
for delayed wound healing, This association is supported by the study of (Magbanua
et al. 2020), which demonstrated that reduced HDL is linked to complications of

diabetic foot and a heightened risk of amputation. HDL plays an important protective
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role against atherosclerosis by helping to transport cholesterol from peripheral
tissues back to the liver, A recent study found that diabetic patients with foot ulcers
have significantly lower HDL levels compared to those without ulcers, indicating
that this drop may be associated with heightened inflammation, more severe

infections, and poor blood sugar control (Zhao et al., 2021).

4.6.1. Correlation between lipid profile parameters and other parameters in

both group patients.

The correlations between lipid profile parameters and other parameters in both
group patients were shown in tables (4-9) and (4-10). There are positive correlation
between Triglyceride levels and cholesterol (r=0.401 and p=0.021), cholesterol
levels and LDL (r=0.638 and p=0.001), cholesterol levels and HDL (r=0.598 and
p=0.001) and LDL levels and HDL (r=0.531 and p=0.001) in Ulcer patients. Also,
there are positive correlation between Triglyceride levels and cholesterol (r=0.362
and p=0.028), Triglyceride and HBA1c (r=0.457 and p=0.008), cholesterol levels
and LDL (r=0.533 and p=0.001), cholesterol levels and HBAlc (r=0.384 and
p=0.024) in DM patients. But there are negative correlation between Triglyceride
levels and HDL (r=0.542 and p=0.001) in DM patients.

Table (4-9): Correlation between lipid profile and other parameters in Ulcer patients.

lipid profile parameters

Characteristic| TG Chole LDL HDL
R P R P R P R P
TG 1

Chole 0.40110.021* |1
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LDL ) 0.909 |0.6380.001* |1
0.023
HDL 0.171|0.385 |0.598|0.001* | 0.531 | 0.001* | 1
Glucose 0.135|0493 |0.004]0983 | 0984 |0.210]0.282
0.004
HBALC 0.029|0.882 |0.258]0.185 |0.057|0.772 |0.112] 0571

r: correlation coefficient.

Table (4-10): Correlation between lipid profile and other parameters in DM patients

lipid profile parameters
Characteristic | TG Chole LDL HDL
R P R P R P R P
TG 1
Chole 0.362]0.028* | 1
LDL 0.02910.879 [0.533(0.001*|1
HDL 6.542 0.001* [ 0.309 | 0.077 [0.0970.611(1
Glucose 0.29210.117 [0.477{0.001*]0.217]0.250 | 0.059 | 0.759
HBA1c 0.45710.008* | 0.384 | 0.024* | 0.219 |0.244 | 0.003 | 0.986

r: correlation coefficient.

The results presented in tables (4-9) and (4-10) reveal positive correlation between
lipid profile parameters and other clinical indicators among diabetic patients and
those with diabetic foot ulcers, reflecting the intricate relationship between
metabolic dysregulation and diabetic complications. In Ulcer Patients a positive
correlation between triglycerides and total cholesterol (r = 0.401, p = 0.021)
indicates that elevated triglycerides often accompany high cholesterol levels. This is
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common in metabolic syndrome, particularly in chronic inflammatory states like
foot ulcers (Mooradian, 2009; Almdal et al, 2020). Positive correlations between
total cholesterol and LDL (r = 0.638, p = 0.001) suggest an overall lipid imbalance,
likely reflecting increased hepatic lipid production due to chronic inflammation and
insulin resistance (Goldberg, 2021). strong correlation is expected as LDL and total
cholesterol, in DFU, elevated LDL may exacerbate vascular inflammation and
complications (Jeffcoat & Harding, 2003) The are negative correlation between LDL
and HDL (r = 0.531, p = 0.001) may reflect disturbed reverse cholesterol transport,
often impaired in chronic tissue damage Total Cholesterol and HDL (r = 0.598, p =
0.001): Despite typically low HDL in dyslipidemia, the positive correlation may
indicate simultaneous lipid elevation due to impaired reverse cholesterol transport
or oxidative stress. The negative correlation between LDL and HDL (r =0.531, p =
0.001) may reflect disturbed reverse cholesterol transport, often impaired in chronic
tissue damage. Although a negative association between HDL and LDL is not
commonly observed, it has been reported in patients with metabolic syndrome or
elevated triglycerides (Shamai et al., 2011). (Feingold & Grunfeld, 2000). In
Diabetic Patients Triglycerides correlate positively with cholesterol (r = 0.362, p =
0.028) and HbAlc (r = 0.457, p = 0.008), indicating that poor glycemic control is
associated with elevated triglycerides, due to increased lipolysis and hepatic lipid
synthesis (Wong et al., 2022). Cholesterol levels correlate with LDL (r = 0.533, p =
0.001) and HbA1c (r =0.384, p = 0.024), showing how dyslipidemia is tightly linked
to glucose dysregulation (Goldberg, 2021). A significant negative correlation
between triglycerides and HDL (r = -0.542, p = 0.001) supports the known pattern
ofabnormal blood lipid levels, which increases cardiovascular risk (Mooradian,
2009).
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4.7. Results of C-reactive protein (CRP) in patients and healthy

controls.

The comparison of C-reactive protein (CRP) between patient and control groups
has been carried out and the results were demonstrated in table (4-11) and Figure (3-
11): Mean levels of C-reactive protein (CRP) were 128.4 £ 13.3, 47.78 £ 12.7 and
7.03 £ 1.3, in Ulcer patients, DM patients and healthy control group respectively;
the mean levels was higher in both group of patients in compared to healthy control
and the difference was significant (P <0.05). Also, there was significant difference
between both group of patients (Ulcer patients and DM patients) themselves, (P <
0.05).

Table (4.11) :Comparison of C-reactive protein (CRP) in patients and healthy

controls

Groups C-reactive protein (CRP) levels mg/L

Mean + SE 128.4 + 13.3A

Ulcer patients

Range 16.0-295.0

Mean £ SE 4778 £ 12.78
DM patients

Range 1.20-293.0

Mean + SE 7.03+1.3¢
Control

Range 1.00-41.00
p-value 0.001*

Different latters denote to the significant differences at( p< 0.05)
SE: standardError; §: one way ANOVA; **: significant at( p< 0.05)
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C-reactive protein (CRP) is an acute phase reactant protein made by the liver that
Increases in response to inflammation, which can be triggered by infection, injury,
or chronic illness, It is considered one of the most sensitive and early indicators of
systemic inflammation, CRP levels start to increase within a few hours after the
onset of inflammation and usually peak within 24 to 48 hours. Its production is
mainly controlled by the inflammatory molecule interleukin-6 (IL-6), CRP
contributes to the body's first line of defense, known as the innate immune response,
by helping activate the complement system and aiding in the removal of pathogens
and damaged cells (Pepys andHirschfield, 2003). As explained in table (4-11), the
average serum levels of C-reactive protein (CRP) were 128.4 + 13.3 mg/L in diabetic
patients with foot ulcers, 47.78 + 12.7 mg/L in diabetic patients without ulcers, and
7.03 £ 1.3 mg/L in the healthy control group. The findings demonstrated a
statistically significant increase in CRP levels in both groups of diabetic patients
when compared to the healthy controls (P < 0.05), along with a significant difference
between the two diabetic groups themselves (P < 0.05). This finding aligns with
previous research that documented significantly elevated serum CRP levels in
patients with diabetic foot ulcers when compared to healthy individuals, The
elevation of CRP is widely recognized as a biomarker of systemic inflammation and
is often associated with tissue injury or infection, both of which are common in
diabetic foot conditions (Herder et al., 2019; Shrestha et al., 2021). In this research,
the DFU group exhibited significantly higher CRP levels compared to both healthy
individuals and diabetic patients without ulcers. This observation aligns with the
findings of (Kahraman et al. 2014), who highlighted that systemic inflammation
commonly influenced by unhealthy lifestyle choices and obesity can result in
increased CRP levels through cytokine-driven mechanisms, involving IL-6 and
TNF-a (Ehiaghe et al., 2013)
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4.7.1. Correlation between C-reactive protein (CRP) and other parameter in

both group patients.

The correlation between C-reactive protein (CRP) and other parameter in both
group patients were shown in tables (4-12). The present results show there was
significant positive correlation between CRP levels and glucose level (r=0.389 and
p=0.034), , CRP levels and LDL level (r=-0.364 and p=0.041) and CRP levels and
HDL level (r=-0.387 and p=0.035) in DM patients. But the present results show non-
significant correlation between CRP and all other parameters in both groups of

patients.

Table (4-12): The correlation between C-reactive protein (CRP) and other parameter

in both groups of patients.

C-reactive protein (CRP)
Other parameters | Ulcer patients DM patients

R P R P
Glucose 0.389 0.034* 0.315 0.090
HbAlc 0.241 0.216 0.323 0.082
TG 0.250 0.299 0.169 0.372
Cholesterol 0.033 0.866 0.233 0.216
LDL 0.289 0.136 -0.364 0.041*
HDL 0.155 0.432 -0.387 0.035*

ur: Pearson correlation.

The results in Table (4-12) show statistically significant correlations between C-
reactive protein (CRP) levels in the diabetic foot ulcer group (Ulcer patients):
CRP levels were significantly positively correlated with Glucose level (r = 0.389, p
= 0.034), suggesting that hyperglycemia may be associated with systemic

inflammation. In addition, inflammation disrupts iron metabolism and impairs
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hemoglobin synthesis (Ganz & Nemeth, 2015). LDL levels (r = -0.364, p = 0.041),
Usually, higher LDL levels are linked with elevated CRP because of atherogenesis,
but the observed inverse relationship might stem from changes in lipid metabolism
during prolonged inflammation. Inflammatory cytokines could decrease the
production of lipoproteins or boost the removal of LDL by activated immune cells
(Khovidhunkit et al., 2004). HDL levels (r = -0.387, p = 0.035) This finding is
consistent with earlier research indicating that reduced HDL levels are frequently
linked to chronic inflammation. HDL has anti-inflammatory and antioxidant effects
and helps remove cholesterol from immune cells (Barter et al., 2004). However,
during inflammation, the structure and function of HDL can be impaired, weakening
its protective effects and potentially worsening inflammation (Feingold and
Grunfeld, 2010).

4.8. Subjects immunological parameters Analysis Results

4.8.1. Interleukin-10 (I1L-10) level in study groups.

The comparison of Interleukin-10 (IL-10) level between patients and control
groups has been carried out and the results were demonstrated in table (4-13), the
mean levels were higher in DM patients in compared to healthy control and the
difference was significant (P < 0.05). But the mean levels were non-significant
difference between other both groups (Ulcer patients and healthy control)
themselves (P >0.05). Also, the mean levels were non-significant difference between

both patients' groups (Ulcer patients and DM patients) themselves (P >0.05).

Table (4-13) :Interleukin-10 (IL-10) level in study groups.

Groups Interleukin-10 (IL-10) level pg/mL.

Ulcer patients | Mean + SE | 41.09 + 10.5/8
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Range 12.40-211.0
: Mean + SE |54.70 + 16.05*

DM patients

Range 11.70-346.00

Mean £ SE |19.92 + 1.598
Healthy control

Range 12.00-41.00

0.048*

p-value +

Means followed by different letters are significantly different according to
Duncan’s multiple range comparisons (DMRTSs), Means followed by the

same letter are not significantly different.

SE: standard error; 1: Kruskal Wallis test; **: significant at group (P < 0.05),

This study found a statistically significant elevation in serum Interleukin-10
(IL-10) levels in both diabetic groups—those with and without foot ulcers—when
compared to healthy individuals (P = 0.048). Diabetic patients without foot ulcers
exhibited the highest average IL-10 level, followed in patients with ulcers. The
healthy control group showed the lowest levels, averaging. However, the difference
in IL-10 concentrations between the two diabetic subgroups was not statistically
significant.IL-10 is a powerful anti-inflammatory cytokine mainly secreted by
regulatory T cells and monocytes. It plays a critical role in downregulating the
production of pro-inflammatory cytokines such as TNF-a and IL-1, thereby helping
maintain immune system balance (Akdis et al., 2011). The observed increase in IL-
10 levels among diabetic individuals may indicate a compensatory anti-
inflammatory mechanism in response to the persistent, low-grade inflammation
typically seen in diabetes mellitus (Donath and Shoelson, 2011).The lack of
significant differences in IL-10 levels between diabetic patients with and without

foot ulcers suggests that the cytokine’s elevated presence may be attributed more to
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the systemic inflammatory milieu of diabetes itself rather than being directly
associated with ulcer formation , delayed wound healing, similar results were
observed in the study by (Moore et al., 2001). suggesting a compensatory immune
mechanism to counteract the chronic inflammation linked to diabetes. In contrast,
there was no statistically significant difference in IL-10 levels between ulcer patients
and the control group (P > 0.05), nor between ulcer and DM patients (P > 0.05), This
may be attributed to variations in clinical presentation or other factors such as
ongoing local infections, which could disrupt the balance between pro- and anti-
inflammatory cytokines (Ip et al., 2016). Regarding the impact of hyperglycemia
and oxidative stress, elevated glucose levels are known to induce oxidative stress
and cellular damage, which suppress IL-10 gene expression while stimulating the
production of pro-inflammatory cytokines. This indicates a negative relationship

between blood glucose regulation and IL-10 levels (Mirza et al., 2014).

4.8.1.1. Diagnostic accuracy of Interleukin-10 (I1L-10) level

Receiver operating characteristic (ROC) analysis was performed to reveal the
prognostic accuracy of using Interleukin-10 (IL-10) concentrations to distinguish
Ulcer patients from healthy control subjects, An optimal IL-10 cut-off value more
than of 15.9 resulted in an AUC value of 0.577 (95% confidence interval [CI], 0.429-
0.724, P= 0.438), sensitivity of 53.3%, specificity of 56.7%, PPV of 55.2%, and
NPV of 54.8%, The present results indicate IL-10 is considered as weak prognostic
marker to distinguish Ulcer patients from healthy control, In addition, an optimal IL-
10 cut-off value of more than 18.9 could be used to distinguish DM patients from
healthy control subjects with a sensitivity of 63.3%, specificity of 63.3%, PPV of
63.3%, and NPV of 63.3% and 0.634 (0.483- 0.785). The present results indicate IL-
10 is considered as weak prognostic marker to distinguish DM patients from healthy

control.
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Table (4-14): Roc curve of Interleukin-10 (IL-10) level

Characteristic

Ulcer patients / control

DM patients /control

Cutoff value >15.9 >18.9
P value 0.438 0.039
Sensitivity % | 53.3 % 63.3 %
Specificity % | 56.7 % 63.3 %
PPV % 55.2 % 63.3 %
NPV % 54.8 % 63.3 %
AUC (95% CI) | 0.577 (0.429- 0.724) 0.634 (0.483- 0.785)
CI: Confidence interval, AUC: Area under curve.
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Figure (4:1): (A) Receiver operating characteristic curve for IL-10 levels to distinguish Ulcer
patients from healthy control subjects. (B) Receiver operating characteristic curve for 1L-10
levels to distinguish DM patients from healthy control subjects.
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Figure (4-1) and Table (4-14) demonstrate that Interleukin-10 (IL-10) exhibits
limited diagnostic utility in distinguishing between patients with foot ulcers and
healthy individuals, as reflected by an AUC of 0.577 and a non-significant p-value
(P =0.438), These findings are consistent with those reported by (Liu et al. 2022b).
who investigated IL-10 levels in diabetic patients with foot ulcers and observed
similarly poor performance in ROC analysis, reinforcing the notion that IL-10 lacks
sufficient value as an independent diagnostic marker. Furthermore, IL-10 showed
weak discriminatory power between diabetic patients and healthy controls. Prior
studies support these results, by (Ghosh et al. 2024) .reported elevated IL-10 levels
in individuals with diabetes, suggesting that IL-10 may not serve as a reliable
indicator for differentiating patients from healthy subjects. Similarly, (Zhao et al.
2012). concluded that IL-10 alone is ineffective as a diagnostic biomarker for

distinguishing diabetic individuals from healthy populations.

4.8.1.2. Correlation between IL-10 level and other parameter in both group

patients.

The correlation between IL-10 levels and other parameter in both group patients
were shown in tables (4-15). The present results show there was non-significant

correlation between IL-10 levels and all other parameters in both groups of patients.

Table (4-15): The correlation between IL-10 levels and other parameter in both

groups of patients.

IL-10 level
Other parameters | Ulcer patients DM patients

R P R P
Glucose 0.184 0.348 0.093 0.625
HbAlc 0.011 0.955 0.044 0.818
TG 0.196 0.317 0.081 0.669
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Cholesterol 0.266 0.171 0.038 0.841
LDL -0.138 0.482 0.096 0.615
HDL -0.170 0.387 -0.114 0.550
CRP 0.014 0.943 0.136 0.475

r: Pearson correlation

The findings presented in Tables (4—15) demonstrate that there was no statistically
significant correlation between interleukin-10 (IL-10) levels and any of the other
investigated parameters in both patient groups those with diabetic foot ulcers and
those without. In both cohorts, IL-10 did not exhibit significant associations with the
measured biochemical or hematological markers (P > 0.05), These results suggest
that IL-10, a key anti-inflammatory cytokine, may not be directly linked to systemic
blood or metabolic indicators in diabetic individuals, regardless of the presence of
foot ulcers (Esposito et al., 2003). The absence of significant correlations could
reflect the complex regulatory mechanisms governing IL-10 expression, which are
influenced by various local and systemic factors, including inflammatory status,
oxidative stress, and the dynamic balance between pro- and anti-inflammatory
mediators (Dinarello, 2007). Moreover, while study has suggested that reduced IL-
10 production may be associated with the development of metabolic syndrome and
diabetes, these associations are not consistently observed and may depend on

individual variability, such as genetic predisposition and age (van Exel et al., 2002)

4.8.2. Interleukin-18 (1L-18) level in study groups.

The comparison of Interleukin-18 (IL-18) level between patients and control
groups has been carried out and the results were demonstrated in table (4-19), the
mean levels were higher in both group of patients in compared to healthy control

and the difference was significant (P < 0.05). But the mean levels were non-
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significant difference between both patients' groups (Ulcer patients and DM

patients) themselves (P >0.05).

Table (4-16) :Interleukin-18 (IL-18) level in study groups.

CITOEE Interleukin-18 (1L-18) level pg/mL.
+ + A
Ulcer patients IMean £ SE | 556.1+ 36.8
Range 265.07-956.19
+ + A
DM patients Mean £ SE | 530.62 +43.4
Range 155.64-1038.00
+ + B
Healthy control Mean £ SE [315.4+12.9
Range 143.79-553.46
0.001*
p-value :

Means followed by different letters are significantly different according to
Duncan’s multiple range comparisons (DMRTSs), Means followed by the
same letter are not significantly different.

SE: standard error; f: Kruskal Wallis test; **: significant at ( P <0.05)

Interleukin-18 (IL-18) levels were analyzed in both patient groups and healthy
individuals, as illustrated in Table (4-16). Results showed that both patient groups
exhibited significantly elevated IL-18 levels compared to the healthy, However,
there was no meaningful difference in IL-18 concentrations between the ulcer and
diabetic patient groups themselves (P > 0.05), This lack of significant variation
suggests that increased IL-18 may be a common feature in diabetic patients rather
than a specific marker for ulcers, Despite this, the ulcer group did display slightly
higher 1L-18 levels, which could point to more pronounced inflammation or
additional factors such as localized infection or delayed wound healing,These
findings inagreement with those of (Zhang et al. (2020). who reported increased IL-

18 expression in ulcerated tissue as a result of targeted immune responses, other
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research has also linked elevated IL-18 to insulin resistance, systemic inflammation,
and the onset of both microvascular and macrovascular complications (Esposito et
al., 2002; Neeta et al., 2010).

4.8.2.1. Diagnostic accuracy of Interleukin-18 (I1L-18) level

Receiver operating characteristic (ROC) analysis was performed to reveal the
prognostic accuracy of using Interleukin-18 (IL-18) concentrations to distinguish
Ulcer patients from healthy control subjects. An optimal IL-18 cut-off value more
than of 353.4 resulted in an AUC value of 0.868 (95% confidence interval [CI],
0.777-0.958, P=0.001), sensitivity of 86.7%, specificity of 90.0%, PPV of 89.7%,
and NPV of 87.1%. The present results indicate IL-18 is considered as a good
prognostic marker to distinguish Ulcer patients from healthy control. In addition, an
optimal IL-18 cut-off value of more than 332.2 could be used to distinguish DM
patients from healthy control subjects with a sensitivity of 73.3%, specificity of
76.7%, PPV of 75.9%, and NPV of 74.2% and 0.737 (0.603- 0.870). The present
results indicate I1L-18 is considered as acceptable prognostic marker to distinguish

DM patients from healthy control.

Table (4-17): Roc curve of Interleukin-18 (IL-18) level

Characteristic | Ulcer patients / control DM patients /control
Cutoff value >353.4 >332.2

P value 0.001 0.001

Sensitivity % | 86.7 % 73.3%

Specificity % | 90.0 % 76.7 %

PPV % 89.7 % 75.9 %

NPV % 87.1% 74.2 %

AUC (95% CI) | 0.868 (0.777- 0.958) 0.737 (0.603- 0.870)
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CIl: Confidence interval, AUC: Area under curve.
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Figure (4:2): (A) Receiver operating characteristic curve for IL-18 levels to
distinguish Ulcer patients from healthy control subjects. (B) Receiver operating
characteristic curve for IL-18 levels to distinguish DM patients from healthy
control subjects.

In Figure (4-2), table (4-17): the Receiver Operating Characteristic (ROC)
analysis demonstrates that IL-18 serves as a reliable prognostic marker for
distinguishing patients with ulcers from healthy individuals. IL-18 is recognized as
a significant biomarker in assessing chronic inflammation in diabetes, especially in
advanced stages associated with complications such as foot ulcers. These findings
agreement with those of (Dinarello ,2018). Furthermore, the current study suggests
that 1L-18 is a reasonably effective prognostic marker for differentiating diabetic
patients from healthy controls. It is proposed that interleukin-18 (IL-18) acts as a
moderately dependable indicator of inflammation in distinguishing diabetic
individuals from those without the condition, supporting the results reported by
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(Zaki et al., 2013), who observed markedly elevated IL-18 levels in diabetic patients

compared to healthy subjects.

4.8.2.2. Correlation between IL-18 level and other parameter in both group

patients.

The correlation between IL-18 levels and other parameter in both group
patients were shown in tables (4-18). The present results show there was
non-significant correlation between [L-18 levels and all other parameters

in both groups of patients.

Table (4-18): The correlation between IL-18 levels and other parameter in both

groups of patients.

IL-18 level
Other parameters | Ulcer patients DM patients

R P R P
Glucose 0.067 0.733 0.034 0.859
HbAlc 0.229 0.242 0.170 0.368
TG 0.011 0.958 0.068 0.780
Cholesterol 0.169 0.390 0.107 0.573
LDL 0.153 0.437 -0.222 0.239
HDL 0.234 0.230 -0.078 0.681
CRP 0.214 0.275 0.310 0.075

r: Pearson correlation.

Table (4-18) presents the relationship between interleukin-18 (IL-18) levels and
several clinical and biochemical indicators in diabetic patients, with and without foot
ulcers. The findings showed no statistically significant associations between IL-18
and any of the evaluated parameters in either group (P > 0.05), indicating that IL-18
is not directly linked to these variables. This suggests that IL-18 levels are not
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significantly impacted by blood glucose regulation or long-term glycemic control.
These results align with those reported by( Kaplanski et al. 2003). Previous research,
including (Esposito et al. 2002), has also proposed that IL-18 functions as an
inflammatory cytokine largely separate from conventional metabolic pathways in
diabetes. While a slight positive correlation was observed between IL-18 and CRP
in diabetic patients without foot ulcers (r = 0.310), it did not reach statistical
significance (P = 0.075), indicating a potential trend worth further investigation in
studies with larger participant groups (Vogelzangs et al., 2007). IL-18 does not show
direct correlations with the biochemical markers analyzed in this study, reinforcing
the need for deeper exploration of its immunological and inflammatory roles in

diabetic and ulcer-affected patients within a broader cytokine context.

4.8.3. Tumor Necrosis Factor Alpha (TNF-a) level in study groups.

The comparison of Tumor Necrosis Factor Alpha (TNF-a) level between patients
and control groups has been carried out and the results were demonstrated in table
(4-19). the mean levels were higher in both group of patients in compared to healthy
control and the difference was significant (P < 0.05). But the mean levels was non-
significant difference between both patients groups (Ulcer patients and DM patients)
themselves (P >0.05).

Table (4-19) :Tumor Necrosis Factor Alpha (TNF-a) level in study groups.

Tumor Necrosis Factor Alpha (TNF-a)

Groups level pg/mL
=+ + A
Ulcer patients Mean = SE |91.67 £15.5
Range 11.70-368.26
i * 42 + 14,7~
DM patients Mean + SE |96
Range 5.38-364.78
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Mean £ SE [32.64 +5.78

Range 3.51-122.7

0.006*
p-value 3

Healthy control

Means followed by different letters are significantly different according to
Duncan’s multiple range comparisons (DMRTs), Means followed by the
same letter are not significantly different.

SE: standard error; 1: Kruskal Wallis test; **: significant at (P <0.0 5)

The data presented in Table (4-19) revealed that serum concentrations of Tumor
Necrosis Factor-alpha (TNF-a) were markedly elevated in both groups of diabetic
patients those with foot ulcers and those without when compared to healthy controls.
This elevation was statistically significant (P < 0.05). However, there was no notable
difference in TNF-a levels between the two diabetic subgroups (P > 0.05). TNF-a,
a key proinflammatory cytokine predominantly secreted by activated macrophages,
plays an essential role in the body's innate immune response. It is strongly implicated
in the onset of insulin resistance, as it inhibits insulin receptor phosphorylation,
thereby disrupting glucose metabolism and fostering systemic inflammation
(Hotamisligil, 2006). Moreover, TNF-o stimulates the production of other
inflammatory markers such as IL-6 and CRP, your study and are consistent with
previous research indicating that systemic TNF-a levels may not reliably represent
the localized inflammatory activity within diabetic foot ulcers (DFUs). For instance,
studies such as those by (Herder et al., 2005) and (Brem et al., 2007) have
demonstrated that while TNF-o is elevated in diabetic conditions, itS serum
concentration often fails to correlate with the severity or presence of localized
ulceration. This supports the notion that local tissue cytokine expression, rather than
circulating levels, may serve as a more accurate indicator of the inflammatory milieu
within DFUs, Therefore, while TNF-a remains a key mediator in the

pathophysiology of chronic inflammation and impaired healing, The main cause of
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elevation TNF-o in diabetic patients is oxidative stress, which promotes
inflammation, its diagnostic or prognostic utility in serum may be limited in the
context of foot ulceration (Zhang et al. 2021), This study demonstrates that TNF-a
levels measured directly at the wound site are more indicative of ulcer severity and
healing progression than systemic levels in agreement with previous findingsFor
instance, (Pickup, 2004) described diabetes as a low-grade inflammatory condition
in which TNF-a plays a pivotal role in activating the innate immune system and
promoting metabolic dysfunction. In the context of diabetic foot ulcers, (Jeffcoate et
al. 2018) emphasized that chronic systemic inflammation marked by elevated pro-
inflammatory cytokines such as TNF-a can impede wound healing and contribute to
the persistence of chronic ulcers. Despite elevated TNF-a levels in diabetic patients,
no statistically significant difference was observed between the ulcer and non-ulcer
groups. This finding suggests that TNF-a expression may predominantly reflect the
systemic inflammatory state associated with diabetes itself, rather than being
specifically linked to the presence of foot ulcers that TNF-a is elevated in individuals
with diabetes due to persistent low-grade inflammation, regardless of wound status
Previous studies have dem (Pickup et al.,, 2000; Al-Mashat et al., 2006).
Furthermore, immune cells from diabetic patients have been shown to release TNF-
a in response to hyperglycemic and pro-inflammatory conditions, reinforcing the
notion that its upregulation is not exclusive to ulcer formation (Dasu et al., 2008).
The absence of significant intergroup differences may also be attributed to
confounding factors such as limited sample size or a lack of variability in disease

severity across the studied cohorts.

4.8. 3.1. Diagnostic accuracy of Tumor Necrosis Factor Alpha (TNF-a) level

Receiver operating characteristic (ROC) analysis was performed to reveal the

prognostic accuracy of using TNF-a concentrations to distinguish Ulcer patients
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from healthy control subjects. An optimal TNF-a cut-off value more than of 22.6
resulted in an AUC value of 0.769 (95% confidence interval [Cl], 0.658-0.886, P=
0.001), sensitivity of 76.7%, specificity of 76.7%, PPV of 76.7%, and NPV of
76.7%. The present results indicate TNF-a is considered as acceptable prognostic

marker to distinguish Ulcer patients from healthy control.

In addition, an optimal TNF-a cut-off value of more than 22.7 could be used to
distinguish DM patients from healthy control subjects with a sensitivity of 76.7%,
specificity of 80.0%, PPV of 79.3%, and NPV of 77.4% and 0.767 (0.648- 0.886).
The present results indicate TNF-a is considered as acceptable prognostic marker to

distinguish DM patients from healthy control.

Table (4-20): Roc curve of Tumor Necrosis Factor Alpha (TNF-a) level

Characteristic Ulcer patients / control DM patients /control
Cutoff value >22.6 >22.7

P value 0.001 0.001

Sensitivity % 76.7 % 73.3 %

Specificity % 76.7 % 80.0 %

PPV % 76.7 % 79.3 %

NPV % 76.7 % 77.4%

AUC (95% CI) 0.769 (0.651- 0.886) 0.767 (0.648- 0.886)

CI: Confidence interval, AUC: Area under curve. PPV % Positive Predictive Value

NPV % Negative Predictive Value
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Figure (4:3): (A) Receiver operating characteristic curve for TNF-a levels
to distinguish Ulcer patients from healthy control subjects. (B) Receiver operating
characteristic curve for TNF-a levels to distinguish DM patients from healthy
control subjects.

Receiver operating characteristic (ROC) analysis in table (4-20) Figure (4-3) was
conducted to assess the prognostic accuracy of TNF-a concentrations in
differentiating ulcer patients from healthy controls. The current findings suggest that
TNF-a serves as a reasonably effective prognostic marker for distinguishing ulcer
patients from healthy individuals. These findings are in line with previous research
demonstrating elevated TNF-a levels in patients with chronic non-healing wounds,
including diabetic foot ulcers, where TNF-a contributes to sustained inflammation
and impaired healing (Falanga, 2005and Gupta et al., 2021). The pro-inflammatory
role of TNF-o, primarily via activation of NF-kB pathways, leads to the recruitment
of immune cells and the release of further inflammatory mediators, thus exacerbating
tissue damage. Furthermore, the results indicate that TNF-o is also a reliable

prognostic marker for differentiating diabetic mellitus (DM) patients from healthy
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controls. TNF-a demonstrated a significant capability to distinguish between
diabetic individuals and healthy controls. These findings further support TNF-a as a
promising biomarker for systemic inflammation in diabetes, potentially indicating
underlying vascular inflammation and endothelial dysfunction that are commonly

seen in people with diabetes (Donath and Shoelson, 2011)

4.8.3.2. Correlation between TNF-a level and other parameter in both group

patients.

The correlation between TNF-a level and other parameter in both group patients
were shown in tables (4-21). The present results show there was non-significant

correlation between TNF-a levels and all other parameters in both groups of patients.

Table (4-21): The correlation between TNF-a level and other parameter in both

groups of patients.

TNF-a level
Other parameters | Ulcer patients DM patients

R P R P
Glucose 0.243 0.213 0.048 0.800
HbAlc 0.162 0.409 0.087 0.647
TG 0.158 0.422 0.004 0.984
Cholesterol 0.058 0.770 0.046 0.808
LDL -0.142 0.472 0.023 0.903
HDL 0.173 0.379 -0.032 0.866
CRP 0.284 0.142 0.153 0.421

r: Pearson correlation.

The information in table (4-21) indicates that there were no significant statistical
links between serum TNF-a levels and the biochemical parameters analyzed in either

group of patients (those with diabetic foot ulcers and those with only diabetes
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mellitus) at (P >0.0 5), These findings support earlier research suggesting that TNF-
a levels don’t necessarily match the extent of metabolic or inflammatory issues in
diabetic patients. Instead, other elements like insulin resistance, localized immune
responses, or ongoing tissue damage at ulcer sites might also affect TNF-a levels
(Sears and Perry, 2010 and Nawaz et al., 2016).These findings are consistent with
previous research suggesting that although TNF-a plays a central role in
inflammatory and immune responses, it may not always exhibit a strong or direct
relationship with certain clinical or biochemical parameters, particularly in chronic
or stable disease states (Patel et al., 2019; Chen et al., 2020).These results imply that
TNF-a levels don’t consistently vary in line with these clinical measures, This could
mean that the role of TNF-a in immune and inflammatory responses in diabetes and
diabetic foot ulcers is complex and cannot be entirely understood through general

inflammation markers or blood sugar levels (Pickup and Crook, 1998).
4.8.4. Basic fibroblast growth factor (bFGF) level in study groups.

The comparison of Basic fibroblast growth factor (bFGF) level between patients
and control groups has been carried out and the results were demonstrated in table
(4-25). the mean levels were higher in Ulcer patients in compared to other groups
and the difference was significant (P < 0.05). But the mean levels were non-
significant difference between other both groups (DM patients and healthy control)
themselves (P >0.05).

Table (4-22) :Basic fibroblast growth factor (bFGF) level in study groups.

Basic fibroblast growth factor (bFGF)
Groups level pg/mL

Mean + SE {89.06 +10.4*
Range 31.25-276.86

Ulcer patients
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Mean £ SE [40.81 +1.78

DM patients
Range 31.75-60.56

Mean + SE [42.27 + 1.048

Range 31.88-55.00
0.001*

i
Means followed by different letters are significantly different according to
Duncan’s multiple range comparisons (DMRTSs), Means followed by the
same letter are not significantly different.

SE: standard error; 1: Kruskal Wallis test; **: significant at( P <0.0 5)

Healthy control

p-value

Data shown in Table (4-22) indicate that average serum levels of basic fibroblast
growth factor (bFGF) were significantly higher in patients with diabetic foot ulcers
(89.06 £ 10.4) than in diabetics without ulcers (40.81 = 1.7) and healthy individuals
(42.27 = 1.04), with the difference being statistically significant (P < 0.05). This
elevated bFGF level in ulcer patients may be attributed to the essential role of this
factor in promoting wound healing through stimulating fibroblast proliferation and
angiogenesis These results are consistent with earlier study by (Zubair et al., 2012).
It is believed to be secreted by the body as a compensatory mechanism in response

to chronic tissue injury to accelerate repair.

These results suggest that the elevated bFGF levels in ulcer patients likely
represent a natural response aimed at aiding tissue repair at the wound site,
particularly considering the ongoing inflammation and poor blood circulation
typically seen in diabetic ulcers (Falanga, 2005). Conversely, there was no
significant difference in bFGF levels between diabetics without ulcers and healthy
subjects (P > 0.05), indicating that chronic high blood sugar alone might not be
enough to change systemic bFGF levels unless there is tissue injury. These findings
are consistent with earlier study by (Li et al. 2015). which found that bFGF levels
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tend to increase locally where tissue damage occurs rather than being elevated
systemically due to diabetes. In contrast, diabetic patients without ulcers did not
show elevated bFGF levels, suggesting that diabetes alone does not significantly
alter bFGF concentration in the absence of ulceration. In fact, previous studies have
shown that diabetics may suffer from impaired production or response to growth

factors like bFGF, which contributes to delayed wound healing (Falanga, 2005).

4.8.4.1. Diagnostic accuracy of basic fibroblast growth factor (bFGF) level

Receiver operating characteristic (ROC) analysis was performed to reveal the
prognostic accuracy of using bFGF concentrations to distinguish Ulcer patients from
healthy control subjects. An optimal bFGF cut-off value more than of 45.21 resulted
in an AUC value of 0.809 (95% confidence interval [Cl], 0.679-0.896, P= 0.001),
sensitivity of 80.0%, specificity of 80.0%, PPV of 80.0%, and NPV of 80.0%. The
present results although bFGF is not considered a direct prognostic marker, its
reduced activity may serve as an indirect indicator of impaired wound
healing.considered as a good prognostic marker to distinguish Ulcer patients from
healthy control. In addition, an optimal bFGF cut-off value of less than 39.4 could
be used to distinguish DM patients from healthy control subjects with a sensitivity
of 60.0%, specificity of 56.7%, PPV of 58.1%, and NPV of 58.6% and 0.592 (0.442-
0.743). The present results indicate bFGF is considered as a weak prognostic marker

to distinguish DM patients from healthy control.

Table (4-23): Roc curve of basic fibroblast growth factor (bFGF) level.

Characteristic Ulcer patients / control DM patients /control
Cutoff value >45.21 <39.4
P value 0.001 0.001
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Sensitivity % 80.0 % 60.0 %
Specificity % 80.0 % 56.7 %
PPV % 80.0 % 58.1 %
NPV % 80.0 % 58.6 %
AUC (95% CI) 0.809 (0.679- 0.896) 0.592 (0.442- 0.743)

CIl: Confidence interval, AUC: Area under curve.

ROC Curve

1.0

bFGF cutoff
087 >45.21

o
2

ey
IJ S
S

Sensitivity

o
i

0.27

0.0 T

1 - Specificity

I
0.0 02 04 06 08

1.0

Sensitivity

ROC Curve

1.0

0.8

o
D
1

oS
=
L

0.2

bFGF cutoff
<394 /

0.0
0.0

1 1 1 1
0.2 04 06 08 1.0

1 - Specificity

(A)

(B)

Figure (4:4) (A) Receiver operating characteristic curve for bFGF levels to
distinguish Ulcer patients from healthy control subjects. (B) Receiver operating
characteristic curve for bFGF levels to distinguish DM patients from healthy

control subjects.

In this study in table (4-23), figure (4-4) the Receiver Operating Characteristic

(ROC) curve was employed to evaluate the diagnostic potential of bFGF levels in

distinguishing among various patient groups namely, individuals with ulcers and

diabetic patients without ulcers when compared to healthy controls, The analysis
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showed that bFGF effectively differentiates ulcer patients from healthy individuals.
This outcome was statistically significant (P = 0.001), indicating a strong diagnostic
capability. These results are consistent with previous research by (Zhou et al., 2011).
This high AUC suggests that bFGF is a reliable biomarker for identifying patients
with diabetic foot ulcers, likely due to its key role in tissue regeneration,
angiogenesis, and wound repair processes, which are impaired in chronic ulcerative
conditions (Li et al., 2015). With both sensitivity and specificity recorded at 80%,
the test demonstrates a balanced ability to correctly identify affected individuals and
accurately exclude those without the condition. Additionally, the high positive and
negative predictive values underscore the reliability of bFGF as a diagnostic marker
in clinical environments (Pepe et al., 2001). Conversely, bFGF levels did not show
substantial efficacy in distinguishing diabetic patients without ulcers from healthy
individuals, reflecting low diagnostic precision (Hajian-Tilaki, 2013). The findings
indicate that changes in bFGF levels in this specific group are not significant enough
to allow for clear clinical differentiation, thus reducing its usefulness as a diagnostic
tool in this study (Pepe et al., 2001). Nonetheless, the results highlight bFGF's strong
potential as a biomarker for diagnosing diabetic foot ulcers. Still, its ability to
distinguish between diabetics without ulcers and non-diabetics seems to be limited
(Zhou et al., 2011).

4.8.4.2. Correlation between bFGF level and other parameter in both group

patients.

The correlation between bFGF level and other parameter in both group patients
were shown in tables (4-24). The present results show there was significant positive
correlation between bFGF levels and TG level (r=0.381, p= 0.036) and bFGF levels
and LDL level (r=0.429, p= 0.013) in Ulcer patients.
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Table (4-24): The correlation between bFGF level and other parameter in both

groups of patients.

bFGF level
Other parameters | Ulcer patients DM patients

R P R P
Glucose 0.202 0.279 -0.084 0.658
HbAlc 0.197 0.315 -0.168 0.374
TG 0.380 0.036* -0.283 0.130
Cholesterol 0.258 0.185 -0.331 0.056
LDL 0.429 0.013* -0.218 0.087
HDL 0.088 0.655 0.179 0.343
CRP 0.123 0.532 -0.241 0.199

r: Pearson correlation.

The results of the study demonstrated varying degrees of correlation between
basic fibroblast growth factor (bFGF) levels and a range of clinical and biochemical
parameters, as presented in Table (4-24). Notably, significant correlations were
observed exclusively in the subgroup of diabetic patients with foot ulcers.
Specifically, a statistically significant positive correlation was found between bFGF
and triglyceride (TG) levels (r =0.380, p = 0.036), suggesting that elevated TG levels
may be associated with increased bFGF production. This association may reflect a
compensatory response aimed at enhancing angiogenesis at the site of tissue injury
(Zhao et al., 2020). Additionally, a significant positive correlation was detected
between bFGF and low-density lipoprotein (LDL) levels (r = 0.429, p = 0.013). This
finding indicates that LDL may influence bFGF expression in damaged tissues,
potentially through mechanisms related to inflammation or ongoing microvascular
injury (Wang et al., 2018). Conversely, no statistically significant associations were

found between bFGF and any of the studied parameters in diabetic patients without
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foot ulcers. This absence of correlation may be attributed to the lack of active
inflammation or tissue injury, as bFGF is typically released in response to such
physiological triggers. These observations are consistent with previous findings
reported by (Ortega et al. 2017).

In summary, the results suggest that bFGF levels in diabetic foot ulcer patients
may be modulated by specific lipid abnormalities, highlighting the complex
interplay between chronic metabolic disturbances and impaired wound healing in

this population.

4.9. Correlation between immunological parameters in both group

patients.

The correlations between immunological parameters in both group patients were
shown in tables (4-25) and (4-26). There is positive correlation between IL-10 levels
and I1L-18 (r=0.380 and p=0.035), IL-18 levels and bFGF (r=0.434 and p=0.017), in
Ulcer patients. But there is negative correlation between IL-10 levels and TNF-a,
(r=-0.341and p=0.045) in DM patients.

Table (4-25): Correlation between immunological parameters in Ulcer patients.

Immunological parameters

Characteristic | IL-10 IL-18 TNF-a bFGF
R P R P R P R [P
IL-10 1
IL-18 0.380(0.035*| 1
TNF-a 0.069(0.729 |0.002|0.993 |1
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Bfgf

0.157

0.424

0.434

0.017*
0.107

0.588

r: correlation coefficient.

Table (4-26): Correlation between immunological parameters in DM patients.

iImmunological parameters
Characteristic | IL-10 1L-18 TNF-a. bFGF
R P R P R P R
IL-10 1
IL-18 0.29210.118 |1
TNF-o ) 0.045% | 0.689 |1
0.341 0.076
bFGF 0.329]0.055 [0.170]0.370 | 0.244 |1
0.219

r: correlation coefficient.

Tables (4-25) and (4-26) show how selected immune system markers relate to
each other in two groups: individuals with diabetic foot ulcers and those with
diabetes but no ulcers. In patients with ulcers, a statistically significant positive
correlation was found between IL-10 and IL-18 (r = 0.380, p = 0.035), suggesting a
possible immune regulatory link between the anti-inflammatory cytokine IL-10 and
the pro-inflammatory cytokine IL-18,In patients with ulcers, IL-18 functions as a
pro-inflammatory cytokine, while IL-10 serves as an anti-inflammatory cytokine.
This suggests that the body may be striving to balance and regulate the inflammatory
response (Aggarwal, et al., 2014). A dditionally, a notable positive correlation was
observed between IL-18 and bFGF (r = 0.434, p = 0.017), The positive correlation
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between IL-18 and the growth factor bFGF indicates that increased inflammation
may stimulate growth factors involved in tissue repair and wound healing. This
makes sense in the context of ulcers, where the body needs to promote healing
despite ongoing inflammation, implying that the inflammatory response may be
associated with the activation of tissue repair processes driven by bFGF, a factor
known to support blood vessel formation and tissue healing (Tonnesen ,et al., 2000).
In contrast,negative relationship was observed in diabetic patients between IL-10
and TNF-a (r=-0.341, p = 0.045), The significant negative correlation between IL-
10 (an anti-inflammatory cytokine) and TNF-a (a pro-inflammatory cytokine)
reflects the usual immune balance, where an increase in one is associated with a
decrease in the other. This suggests a normal immune regulation in diabetic patients
without ulcers, where IL-10 works to suppress the inflammatory activity of TNF-
a.suggesting a mechanism of immune regulation where IL-10 suppresses TNF-a

production, which may help mitigate chronic inflammation (Moore et al., 2001)..
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5.1. Conclusion

1. The prevalence of diabetes and its complications increases with advancing age,
and males are more likely to develop (DFUs) compared to females, The dorsal part
of the foot was identified as the most frequent site of ulceration , deep ulcers emerged

as the most common type.

2.C-reactiveare protein (CRP) necessary for a precise evaluation of inflammatory
status.

3.High levels of inflammatory markers like IL-18, TNF-o and bFGF in DFU
patients, notably High levels of IL-10 in Dm patients.

4. Individuals with (DFUs) exhibit clear metabolic imbalances, including elevated
C-reactive protein (CRP), increased LDL levels, and decreased HDL levels, all of

which hinder the heahealin process.

5. ROC analysis revealed that IL-10 poorly differentiated ulcer patients from healthy
controls, while IL-18 and bFGF showed good diagnostic performance. TNF-a

appears to be a fairly effective prognostic marker for this distinction.
5.2 Recommendations

Based on the findings of this study, the following recommendations are proposed to
Improve the diagnosis, management, and clinical outcomes of diabetic foot ulcers
(DFUs)

1. Raising awareness among diabetic patients—especially men and older adults
about the importance of proper glycemic control to reduce the risk of foot ulcers,
and conducting larger-scale studies to examine the influence of treatment methods

and ulcer classification on disease progression.
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2. Conducting additional cytokine assessments, including interleukins such as IL-
12, IL-22, and IL-6, in patients with diabetes and diabetic foot ulcers to better
understand the immunological responses and their potential role in disease
progression.

3.more research is needed to validate the use of the studied biomarkers as prognostic
indicators for DFU progression and healing

4.Regularly monitor lipid levels and inflammation in diabetic patients, especially
those with foot ulcers. Focus on controlling blood sugar and improving lifestyle to

reduce inflammation.
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