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ABSTRACT 
 

The Aim: The study aims to the possibility of depending on some immunological criteria 
(monocyte chemoattractant protein (MCP-1, MCP-3) and interleukin-18). 
Study Design: The study is indicators for early diagnosis of diabetic nephropathy in patients with 
type 2 diabetes and avoiding its development to advanced stages. 
Place and Duration of Study: Endocrinology Center / Al-Sadr Medical City and also Al-Manathira 
General Hospital / Al-Najaf Governorate, their ages ranged between (30- 60) years old, and the 
study continued for the period from 1/10/2022 to 31/3/2023 after obtaining the consent of the two 
study groups. 
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Methodology: The study included the follow-up of (90) men, (30) healthy individuals and (60) 
patients with type 2 diabetes mellitus to periodic clinical examination ,the estimation of 
glycosylated hemoglobin ratio (HbA1c) and evaluation of immunological parameters represented in 
levels of monocyte chemoattractant protein (MCP-1 , MCP-3 ) and interleukin-18 . 
Results: The study diagnosed a significant increase (P < 0.05) in glycosylated hemoglobin ratio, 
monocyte chemoattractant protein MCP-1, MCP-3) and interleukin-18 ,and in contrast to a 
significant decrease (P < 0.05) in the glomerular filtration rate (GFR) in men with diabetes mellitus 
type II compared to healthy men. 
The study also showed a significant effect (P < 0.05) for the age groups on the glycosylated 
hemoglobin ratio and monocyte chemoattractant protein (MCP-3), and conversely a significant 
decline in the glomerular filtration rate (GFR) ,while no significant differences appeared (P > 0.05) 
in levels of monocyte chemoattractant protein (MCP-1) and interleukin-18. Also, a notable impact 
(P < 0.05) was observed for the duration of diabetes mellitus on the levels of monocyte 
chemoattractant protein (MCP-1 , MCP-3 ),whereas no substantial differences appeared (P > 0.05) 
in levels of glycosylated hemoglobin ratio, glomerular filtration rate (GFR) and interleukin-18. 
In addition to the foregoing, the trial recorded a significant influence (P < 0.05) of body mass index 
on the levels of monocyte chemoattractant protein (MCP-3),while no noticeable differences 
appeared (P > 0.05)in, the glycosylated hemoglobin ratio , glomerular filtration rate(GFR),and 
monocyte chemoattractant protein (MCP-1). 
Moreover, a significant effect (P < 0.05) for stages of diabetic nephropathy was diagnosed on the 
glycosylated hemoglobin ratio, monocyte chemoattractant protein (MCP-1, MCP-3), interleukin-18 
and glomerular filtration rate (GFR). 
Conclusion: It is possible to depend on the increased levels of some immunological indicators 
especially MCP-1, MCP-3 and interleukin-18 as predictive biomarkers to diagnose the progression 
to advance stages of the diabetic nephropathy if this coincides with a decrease in the glomerular 
filtration rate. 
 

 
Keywords: GFR; Interlink-18; MCP-1; MCP-3; diabetic nephropathy. 

 

1. INTRODUCTION  
 
Diabetes mellitus (DM) is defined as a metabolic 
disease characterized by chronic hyperglycemia 
as a result of a deficiency of the hormone insulin 
or a decrease in the sensitivity of body tissues to 
insulin, or both, and the global incidence of it 
increases annually. Diabetes mellitus (DM) is 
one of the chronic diseases that accompany the 
patient, with the exception of gestational 
diabetes, and it occurs when the pancreas is 
unable to produce insulin in sufficient quantity, 
and the hormone insulin is the main factor 
responsible for regulating the level of glucose in 
the blood [1].  

 
Diabetes is classified according to the American 
Diabetes Associations diabetes, type 1 diabetes 
(T1D) is an autoimmune disease that leads to the 
destruction of pancreatic beta cells by cellular 
immunity, which leads dependence on external 
insulin to lifelong [2] , diabetes type 2 (T2DM) is 
a complex chronic disease that, affects patient as 
a result of the body’s resistance to the insulin 
hormone or a decrease in the effectiveness of 
the insulin hormone by pancreatic beta cells, and 
it is characterized by high blood glucose, which 

leads to disorders in the blood circulation, the 
nervous system, and immune system [3]. As for 
the third type, gestational diabetes, which is 
caused by high blood glucose, and is considered 
one of the most common complications during 
pregnancy [4], and it is diagnosed in the second 
or third trimester of pregnancy, there are other 
types of diabetes resulting from other causes, for 
example, monogenetic diabetes, such as 
diabetes (in newborns), diabetes mellitus that 
begins at maturity in young people, and external 
diseases of the pancreas (cystic fibrosis) [5]. 
 

Complications of type 2 diabetes including acute 
complications particularly diabetic ketoacidosis, 
hypoglycemia, and hyperosmolar coma [6], while 
the chronic complications that include types of 
disorders such as diabetic nephropathy, 
neuropathy, and retinopathy [7,8,9]. 
 

There are many mechanisms that lead to the 
development of diabetic nephropathy and kidney 
failure, including elevated blood glucose and 
systemic high blood pressure, which negatively 
affects the blood vessels, as when it rises, it 
elevates the flow of large amounts of blood into 
the renal blood vessels, and this in turn 
increases the narrowing of blood vessels [10].  
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One of the predictive markers for the progression 
of renal disease is the increment in the levels of 
monocyte chemoattractant protein MCP-1 and 
MCP-3, which are major chemicals that belong to 
small molecular weight cytokines and have a role 
in the selective stimulation of monocytes, 
neutrophils and lymphocytes [11], MCP-1 is 
associated with inflammation and increases the 
risk of coronary artery disease .Moreover, the 
resulting inflammation contributes to the 
formation of sclerotic areas in the arteries and 
leads to their rupture, platelet accumulation, and 
clot formation [12], as well as elevated levels of 
MCP-3 stimulate the inflammation, and the 
development of diabetic kidney disease due to 
the renal fibrosis through accumulation of 
macrophages, infiltration of immune cells, and 
inflammatory ROS production consequently [13]. 
 
 Interleukin-18 also possesses multidirectional 
immune regulation capabilities with other 
cytokines to regulate immune responses, as it 
was found that elevated (IL-18) levels in blood, 
urine, and plasma are vital predictive indices for 
the progression of diabetic nephropathy in 
patients with type 2 diabetes mellitus [14].  
  

2. MATERIALS AND METHODS  
  

The present study included the follow-up of (90) 
men, (30) healthy individuals and (60) patients 
with type 2 diabetes who were attending the 
diabetes and Endocrinology Center / Al-Sadr 
Medical City and also Al-Manathira General 
Hospital / Al-Najaf Governorate, their ages 
ranged between (30- 60) years old, and the study 
continued for the period from 1/10/2022 to 
31/3/2023 after obtaining the consent of the two 
study groups. The patients were also divided into 
numerous subgroups, according to the age; they 
were divided into three groups (30-39) years, 
(40-49) years and (50-60) years. While the 
duration of the diabetes mellitus, they were 
divided into three stages, (1-5) years, (6-10) 
years, and more than (10) years, they were also 
divided according to BMI into three groups: 
normal (20-24.9) kg/m2, overweight (25-29.9) 
kg/m2, and obesity (30≤) kg/m2, also divided 
according to the stages of diabetic nephropathy 
into the normal albuminuria stage (<30), the 
microalbuminuria stage (30-300), and the macro 
albuminuria stage (>300) [15], and finally 
according to the glomerular filtration rate GFR it 
is divided into three phases: the first phase (<90 
mg/min/1.73), the second phase (60-90 
mg/min/1.73), and the third phase (45-60 
mg/min/1.73). 

1- Estimation of glycosylated hemoglobin 
levels 

 
Evaluation of glycosylated hemoglobin ratio is 
using the hemoglobin dissolution reagent 
(Tetradecyl trim ethyl ammonium bromide) as a 
deterrent to remove the white blood cells and the 
addition of the antibody reagent to the sample, 
the reaction between the glycosylated 
hemoglobin of the sample and the glycosylated 
hemoglobin of the antibody results in a soluble 
complex at the antibody site on the HbA1c 
molecule [16]. 
 
2- Estimation of monocyte chemoattractant 

protein MCP-1 levels in serum 
 
The MCP-1 levels were assessed in the serum 
according to the equipment provided by the 
Chinese Company Bioassay technology 
laboratory, this kit is an enzyme-linked 
immunosorbent assay (ELISA). the plate has 
been pre-coated with human antibody. MCP-1 
present in the sample is added and binds to 
antibodies coated on the wells, and then 
biotinylated human MCP-1 antibody is added and 
binds to MCP-1 in the sample. After that, 
streptavidin-HRP is added and binds to the 
biotinylated MCP-1 antibody at 450 nm [17]. 
 
3- Estimation of monocyte chemoattractant 

protein MCP-3 levels in serum 
 
The assessment of MCP-3 levels in the serum 
were according to the equipment that provided 
by the Chinese Company Bioassay technology 
laboratory this kit is an enzyme-linked 
immunosorbent assay (ELISA). The plate has 
been pre-coated with human antibody. MCP-3 
present in the sample is added and binds to 
antibodies coated on the wells, and then 
biotinylated human MCP-3 antibody is added and 
binds to MCP-3 in the sample, after that 
streptavidin-HRP is added and binds to the 
biotinylated MCP-3 antibody at 450 nm [18]. 
 
4- Estimation of Interleukin-18 (IL-18) level 

in serum  
 
As for the levels of IL-18 in the serum, were 
evaluated according to the equipment provided 
by the Chinese Company Bioassay technology 
laboratory this kit is an enzyme-linked 
Immunosorbent assay (ELISA). The plate has 
been pre-coated with Human IL-18 antibody. IL-
18 present in the sample is added and binds to 
antibodies coated on the wells, and then 
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biotinylated human IL-18 antibody is added and 
binds to IL-18 in the sample. Then streptavidin-
HRP is added and binds to the Biotinylated IL-18 
antibody at 450 [19]. 
 
5- Calculation of glomerular filtration rate 
 
The glomerular filtration rate was calculated 
according to the Cockcroft-Gault equation. Using 
this equation is more accurate in estimating the 
glomerular filtration rate calculation. 
 

GFR (male) ml/min = 140-age (years) × 
bodyweight (kg)/ (72×serum creatinine) (mg/dI) 
[20].  
 

3. RESULTS  
 

3.1 The Immunological Study  
 

A- Comparing some immunological blood 
parameters in men between the control 
group and the group of patients with type 
2 diabetes 

 

The present study showed significant differences 
(P = 0.001), in the glycosylated hemoglobin ratio, 
MCP-1, MCP-3, and IL-18 respectively, and in 
contrast, a significant decrease in glomerular 
filtration rate (P = 0.001) between the two groups 
of study (healthy and patients), Table (1).  
 

B- The effect of age on some immunological 
parameters in men with type 2 diabetes 
mellitus 

  

The results of the current study recorded 
statistically significant differences (P = 0.017) 
and (P = 0.029) in the glycosylated hemoglobin 
ratio and MCP-3 level, contrary to a significant 
decrease in the glomerular filtration rate (P = 
0.001).While there were no observable variations 

(P =0.11), (P =0.46) in MCP-1 and IL-18 
respectively, when comparing the age groups of 
diabetes mellitus patients with each other,             
Table (2). 
 
C- The effect of duration on some 

immunological parameters in men with 
type 2 diabetes mellitus  

  
It was noted from the results of the current study 
a significant increment (P = 0.015) in MCP-1 and 
(P =0.04) in MCP-3, whereas there were no 
significant differences (P=0.11),(P=0.142), 
(P=0.27) in glycosylated hemoglobin ratio, the 
level of IL-18 and glomerular filtration rate for the 
duration of diabetes mellitus, Table (3). 
 
D- The effect of BMI on some immunological 

parameters in men with type 2 diabetes 
mellitus 

  
A substantial effect (P = 0.05) was indicated in 
MCP-3, while there were no observable 
variations (P =0.98), (P =97), (P =0.33), (P 
=0.76) in glycosylated hemoglobin ratio, MCP-
1,IL-18 and glomerular filtration rate respectively 
when comparing the body mass index of 
diabetes mellitus patients as in Table (4). 
 
E- The effect of glomerular filtration rat 

(GFR) on some immunological 
parameters in men with type 2 diabetes 
mellitus 

  
The findings of the statistical analysis of the 
current study revealed a significant elevation              
(P = 0.02) in glycosylated hemoglobin ratio,                
(P = 0.001) in levels of (MCP-1, MCP-3) and             
(P = 0.05) in IL-18, in contrast a notable 
decrease (P = 0.001) was diagnosed in the 
glomerular filtration rate (GFR), Table (5). 

 
Table 1. Comparison of some immunological parameters of blood in men between the control 

group and group of patients with type 2 diabetes mellitus 
 

Variables Mean±SE Mean±SE p- value 

Healthy control n=30 Patients with DN n=60 

HbA1c % 6.13±0.06 8.89±0.26 0.001 ** 
MCP-1 (ng/l) 134.1±3.16 261.66±11.03 0.001**  
MCP-3 (ng/l) 165.1±2 230.75±2.5 0.001**  
Interleukin;-18(ng/l) 20.14±0.54 27.32±0.52 0.001** 
GFR 
(mg*min/1. 73) 

179.62.±6.27 80.4±3.8 0.001** 

* Significant differences at p-value <0.05 between the averages of the groups. 
** Significant differences at p-value <0.001 between the averages of the groups 

 



 
 
 
 

Al-Haddad and Jwad; Uttar Pradesh J. Zool., vol. 44, no. 5, pp. 42-54, 2023; Article no.UPJOZ.2485 
 
 

 
46 

 

Table 2. The effect of age on some immunological parameters in men with type 2 diabetes 
mellitus 

 

Variables Effect of the age 

30-39 year n=9 40-49 year 
n=18 

50-60 year , n=33 p-value 

HbA1c % 7.9±0.31A 8.48±0.39B 9.55±0.31C 0. 017** 
MCP-1 (ng/l) 237.53±30.05A 246.0±10.21A 291.67±14.75A 0.11 
MCP-3 (ng/l) 216.44±6.92A 222.12±4.54B 235.25±3.24C 0.029* 
Interleukin-18 
(ng/l) 

26.05±0.52A 26.2±0.64A 27.63±0.8A 0.46 

GFR 
(mg*min/1. 73) 

115.22±9.04A 94.31±7.71B 68.59±3.93C 0.001** 

The different letters mean significant differences between the averages of the groups. 
The similar letters mean no significant differences between the averages of the groups 

 
Table 3. The effect of duration on some immunological parameters in men with type 2 diabetes 

mellitus 
 

Variables Effect of the duration of diabetes mellitus 

1-5 year N=30 6-10 year N=12 > 10 years N=18 p-value 

HbA1c % 8.66±0.29A 9.41 ±0.52A 9.86±0.74A 0.11 
MCP-1 (ng/l) 249.71±31.88A 248.15±22.6A 315.64±22.75B 0.015 * 
MCP-3 (ng/l) 223.35±3.37A 235.6±5.04B 235.94±4.22B 0.04* 
Interleukin-18 
(ng/l) 

26.52±0.58A 26.8±1.5A 28.96±1.2A 0.142 

GFR 
(mg*min/1. 73) 

85.54±11.96A 81.40±10.7A 70.6±6.65A 0.27 

The different letters mean significant differences between the averages of the groups. 
The similar letters mean no significant differences between the averages of the groups 

 
Table 4. The effect of body mass index on some immunological parameters in men with type 2 

diabetes mellitus 
 

Variables Effect of body mass index 

Natural 
20-24.9Kg/m

2 
more 
25- 29.9Kg/m

2
 

Obesity 
>30 Kg/m

2
 

p-value 

HbA1c % 8.07±0.35A 8.26±0.47A 8.25±0.75A 0.98 
MCP-1 (ng/l) 239.3±23.2A 262.33±14.42A 266.0 ±18.32A 0.97 
MCP-3 (ng/l) 221.00±4.5A 232.41±3.31B 238.85±5.27C 0.05* 
Interleukin-18 
(ng/l) 

26.09±0.72A 27.41±0.73A 28.44±1.25A 0.33 

GFR 
(mg*min/1. 73) 

82.62±7.28A 76.3±4.75A 75.9±9.96A 0.76 

The different letters mean significant differences between the averages of the groups. 
The similar letters mean no significant differences between the averages of the groups 

 
Table 5. The effect of glomerular filtration rate (GFR) on some immunological parameters in 

men with type 2 diabetes mellitus 
 

Variables Glomerular filtration rate 

>90mg* min /1.73 
n= 23 

(60  - 90)mg* min 
/1.73 
n= 21 

(45  - 60)mg* min 
/1.73 
n=16 

p-value 

HbA1c % 8.83±0.36A 8.49±0.33B 10.0±0.43C 0.02* 
MCP-1 (ng/l) 238.47±10.34A 255.7±14.75A 317.1 ±18.94C 0.001** 
MCP-3 (ng/l) 215.92±3.25A 230.40±3.39B 249.65±3.10C 0.001** 
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Variables Glomerular filtration rate 

>90mg* min /1.73 
n= 23 

(60  - 90)mg* min 
/1.73 
n= 21 

(45  - 60)mg* min 
/1.73 
n=16 

p-value 

Interleukin-18 
(ng/l) 

25.43±0.57A 27.07±0.99B 29.54±0.98C 0.05* 

GFR 
(mg*min/1. 73) 

114.81±3.58A 73.94±1.87B 46.2±1.93C 0.001** 

The different letters mean significant differences between the averages of the groups. 
The similar letters mean no significant differences between the averages of the groups 

 

4. DISCUSSION 
 

1- Comparison of HbA1C ratio between 
healthy and patients groups with type 2 
diabetes mellitus, demographic 
parameters and some biochemical 
biomarkers 

 

The current research indicated that there was a 
significant increase in the glycosylated 
hemoglobin ratio (HbA1c) in men with type 2 
diabetes mellitus than in healthy men, and the 
study agreed with some studies [21,22,23]. 
 

The reason for the high glycosylated hemoglobin 
ratio in the blood, may be attributed to the 
oxidation of proteins, nucleic acids and fats, 
which leads to increased oxidative stress, which 
causes poor functioning of pancreatic beta cells 
and a lack of insulin production, according to 
some studies [24]. The study also showed that 
there was a significant effect of age groups on 
the glycosylated hemoglobin ratio in patients with 
type 2 diabetes mellitus [25], the reason may be 
due to cognitive impairment in the elderly 
patients and the inability to regulate blood 
glucose levels (lack of good control) [26]. 
 

The data of the current study showed an 
increment in glycosylated hemoglobin ratio with 
the length of the duration of diabetes mellitus, but 
it did not rise to the level of significance, and 
some studies recorded this [27], it may be 
explained to the complications resulting from 
long-term diabetes mellitus, leading to damage to 
pancreatic beta cells, increased insulin 
resistance, and vascular disease [28].  
  

It was also observed from the findings of the this 
study a rise in the glycosylated hemoglobin ratio 
with an increase in body mass index, but it did 
not rise to the level of significance, and it was 
agreed with some studies [29]. It likely to be due 
to excessive obesity in patients with diabetes 
mellitus, resulting from the accumulation of fat in 
the visceral tissues, leading to increase in the 

blood glucose levels and insulin resistance 
subsequently [30]. 
 

The results also pointed to a significant 
increment in the glycosylated hemoglobin ratio 
with a decrease in the glomerular filtration rate, 
and this was compatible with some studies [31] , 
it may be suggested to the occurrence of a 
physiological defect in the renal tissues resulting 
from damage to the glomerular filtration barriers 
and the accumulation of proteins in the renal 
tubules, leading to a reduction in the glomerular 
filtration rate and an increase in the secretion of 
albumin in the urine, as indicated by some 
studies [32]. 
 

2- Comparison of MCP-1 levels between 
healthy and patients groups with type 2 
diabetes mellitus, demographic 
parameters and some biochemical 
biomarkers 

 

The results of the current study showed that 
there was a significant increase in the level of the 
monocyte chemoattractant protein MCP-1 in men 
with type 2 diabetic men in compared to the 
healthy men, and this result in agreement with 
many studies [33], and this may attribute to the 
high level of glucose in the blood which causes 
stimulation of the production of chemoattractant 
protein for monocytes (MCP-1) from tubular, 
mesenteric and foot epithelial cells ,as well as 
renal smooth muscle cells, which activates 
macrophages and releases varies reactive 
oxygen species(ROS) substantially, as confirmed 
by some studies [34] .  
 

The study revealed a rise in the level of 
monocytes chemoattractant protein (MCP-1) with 
advancing age, but it did not rise to a significant 
level in patients of diabetic nephropathy, the 
result was consistent with some studies [35]. It 
possibly explain to the renal tissue aging, which 
resulting from immunodeficiency in the elderly, 
and this may lead to changes in the structural 
and functional performance of the kidneys 
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gradually, increase catabolism process and 
inhibition of growth factors [36]. 
 

In addition, it was also observed that there was a 
significant increment in the level of the MCP-1 in 
patients with diabetic nephropathy and long 
duration of diabetes mellitus, and this was in 
agreement with some studies [37]. The data may 
be attributed to the fact that chronic inflammation 
is stimulated with the long duration of diabetes 
mellitus, leading to the development of the 
disease, as these infections cause many 
pathological and histological changes, causing a 
defect in the functions of the glomeruli, and thus 
a decrease in the size and number of nephrons 
over time and an increase in proteinuria [38]. 
  

Besides, the results of the statistical analysis 
noticed an elevation in the level of MCP-1 with 
an increment in body mass index, but it did not 
give significant differences in patients with 
diabetic nephropathy, and the results were 
compatible with some studies [39], might due to 
the obesity and its association with muscle 
hypertrophy and multiple factors such as 
inflammation, insulin resistance, nutrition, lack of 
physical activity, increased inflammatory 
cytokines and fat mass, as well leptin that 
secreted by adipocytes and white blood cells in 
adipose tissue, as found by some studies [40]. 
  

Furthermore, the results showed a significant 
increase in the level of monocyte 
chemoattractant protein (MCP-1) with the 
decreasing of the glomerular filtration rate, and 
the result agreed with some studies [41]. 
  

This can suggest to the fact that the elevated 
production of MCP-1 indicates poor renal 
performance due to glomerular changes in 
particular increased basement membrane 
thickness and the expansion of mesangial cells , 
which affect the glomerular filtration rate and lead 
to hardening of the glomeruli due to the high 
level of glucose in the blood, which results in 
elevated excretion of proteins in the urine [42]. 
 
3- Comparison of MCP-3 levels between 

healthy and patients groups with type 2 
diabetes mellitus, demographic 
parameters and some biochemical 
biomarkers 

  
The present trial showed a significant increment 
in the level of monocyte chemoattractant protein 
(MCP-3) in men with type 2 diabetes mellitus 
when compared with healthy subjects and 
agreed with some studies [43].  

It is likely that this is due to the poor performance 
of renal functions because of the occurrence of 
infections; particularly the inflammation which 
leads to tissue injury and the secretion of (MCP-
3) chemoattractant protein that mainly recruit 
immune cells, which are monocytes, 
macrophages and T lymphocytes from the blood 
to the damaged site, according to some studies 
[44].  
  
The current experiment also showed a significant 
increase in the level of (MCP-3) monocyte 
chemoattractant protein with age, and it was 
consistent with the study of [45]. This may 
attribute to a decline in immune functions and 
increased inflammations in the elderly, which 
indicated by a decreasing in the number of T 
cells (immune tissue aging) that leads to a 
weakening of the acquired immune responses 
and hence increment in the secretion of tumor 
necrosis factor-alpha (TNF-α), interleukin (IL-6), 
and the level of inflammation subsequently [46]. 
  
In addition, the current study identified a 
significant rise in the level of MCP-3 with the 
length of the duration of diabetes mellitus. This is 
explained by the fact that the long duration of 
diabetes activates chronic infections, the 
development of complications of the disease, 
and the deterioration of kidney functions 
associated with increased renal fibrosis due to 
the production of inflammatory cytokines and 
interleukins that stimulate inflammation, as 
postulated by some studies [47]. 
  
Moreover, the statistical analysis also noted that 
there was a significant effect of BMI on the level 
of (MCP-3) monocyte chemoattractant protein in 
patients with diabetic nephropathy. The results of 
the study agreed with some studies [48]. 
  
A significant increase in the level of monocyte 
chemoattractant protein (MCP-3) was diagnosed 
with a decrement in the glomerular filtration rate, 
and this probably due to the negative changes 
that occur in the glomerulus structure, including 
mesangial dilatation, capillary surface reduction, 
loss of foot cells, and renal fibrosis [49]. 
 

4- Comparison of (Interluiken-18) levels 
between healthy and patient’s groups 
with type 2 diabetes mellitus, 
demographic parameters and some 
biochemical biomarkers  

  

There was a significant increment in the levels of 
interleukin-18 in patients with diabetic 
nephropathy compared to healthy men, and the 
result agreed with many studies [50], This is due 
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to the high level of blood glucose in patients who 
suffer from impaired glucose tolerance, as the 
increase in the glycosylated hemoglobin ratio 
weakens the functions of tubular cells and 
causes glomerular sclerosis ,as well as interstitial 
fibrosis, or due to high levels of triglycerides and 
increased insulin resistance, as confirmed by 
some studies [51]. Furthermore, the trial showed 
an elevation in the level of interleukin-18 with 
age, but it is not significant, and this may be 
because the diseases which associated with the 
elderly, especially atherosclerosis, diabetes 
mellitus, and stimulation of inflammatory 
pathways that are more common with age and 
affect IL-18 levels, as indicated by some studies 
[52].  
  

It was noted from the results of the statistical 
analysis a rise in the level of interleukin-18 with 
the long duration of diabetes mellitus, but it did 
not reach the level of significance, and this could 
attribute to the long period of diabetes which 
causes various common complications 
especially, atherosclerosis, diabetic nephropathy, 
damage to the capillaries in the glomeruli and 
substantial elevation in the secretion of proteins 
in the urine, which affects the production of 
inflammatory cytokines, as indicated by some 
studies [53]. The study diagnosed an increment 
in the level of interleukin-18 with an increase in 
body mass index, but it was not significant and 
agreed with the study of [54], and this may 
explain to the chronic inflammation that caused 
by cytokines activating inflammatory pathways in 
patients with obesity-related metabolic 
syndrome, and they have elevated levels of 
interleukin-18, as well as may be attributed to the 
high levels of oxidized low density lipoproteins 
that activate inflammations [55]. The present 
experiment showed a significant increase in the 
levels of interleukin-18 in the serum with the 
reduction of the glomerular filtration rate, and the 
results were similar to some studies [56], This 
may be explained by a decrease in the rate of 
filtration efficiency ,hyperplasia, and renal fibrosis 
with a gradual loss of functions of the kidneys 
due to a high level of glucose in the blood, 
particularly in the final stages of diabetic 
nephropathy, as demonstrated by some studies 
[57].  
 

5- Comparison of GFR between healthy and 
patient’s groups with type 2 diabetes 
mellitus, demographic parameters and 
some biochemical biomarkers 

  

The study revealed a significant decrease in 
glomerular filtration rate in patients with type 2 

diabetes mellitus comparing with healthy 
subjects, and the results consistent with some 
studies [58,59]. It may be due to diabetic 
nephropathy, which is one of the most common 
complications of type 2 diabetes as a result of 
the high level of glucose in the blood and the 
occurrence of histological changes in the small 
blood vessels in the kidneys, which leads to 
numerous alterations in the levels of salts that 
present in the proximal tubules and the re-
absorption of fluids, which stimulate oxidative 
stress, tubular fibrosis, and a decrease in 
glomerular filtration rate, as confirmed by some 
studies [60]. The data also recorded a significant 
decline in the glomerular filtration rate with the 
advanced age group. The results similar to the 
study of [61] and it possibly due to aging 
associated with structural and physiological 
changes in the kidneys and muscle mass that 
may affect the glomerular filtration rate, because 
of a large loss of nephrons with age and there is 
no compensation by the remaining glomerular 
nephrons [62-67]. 
  
In addition ,the study diagnosed a reduction in 
the glomerular filtration rate with the long 
duration of diabetes mellitus did not reach a 
significant level, and the results of the study 
agreed with the study of [68], This may be 
attributed to diabetic nephropathy associated 
with the loss of kidney functions, as patients who 
have a long duration of diabetes have severe 
damage glomeruli, which is represented by 
infection of the foot cells, thickening of the 
glomerular basement membrane, expansion of 
the mesangial, damaged renal tubules, and 
infiltration of inflammatory cells, which in turn 
causes a decrease in the glomerular filtration 
rate as indicated by some studies [69]. A 
decrement was observed in the glomerular 
filtration rate with an increment in body mass 
index, but it did not give a significant difference. 
The results of the current study were in 
agreement with some studies [65], and this may 
be because the high levels of cholesterol and 
triglycerides in the blood, as well the obesity in 
the abdominal region, besides impaired glucose 
metabolism, which are associated with chronic 
kidney disease, insulin resistance, and metabolic 
syndrome [70]. 

 
4. CONCLUSIONS 
 
The study also showed a significant effect (P < 
0.05) for the age groups on the glycosylated 
hemoglobin ratio and monocyte chemoattractant 
protein (MCP-3), and conversely a significant 
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decline in the glomerular filtration rate (GFR) 
,while no significant differences appeared (P > 
0.05) in levels of monocyte chemoattractant 
protein (MCP-1) and interleukin-18. Also, a 
notable impact (P < 0.05) was observed for the 
duration of diabetes mellitus on the levels of 
monocyte chemoattractant protein ( MCP-1 , 
MCP-3 ),whereas no substantial differences 
appeared (P > 0.05) in levels of glycosylated 
hemoglobin ratio, glomerular filtration rate (GFR) 
and interleukin-18. 
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