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Abstract 
In the present study, there were significant increase in WBC count (P<0.001) and neutrophil% (P<0.001) in DN compared 
to DM and control groups, while there was significant decrease in eosinophil% (P<0.001), basophil% (P<0.001) and 
lymphocyte% (P<0.001) in DN compared to DM and control groups, so, there were no significant differences between 
study groups in their monocyte% (p 0.453). There were no significant differences of WBC count (p 0.323, p 0.733), 
neutrophil% (p 0.142, p 0.798), eosinophil% (p 0.338, p 0.402), basophil% (p 0.921, p 0.722), lymphocyte% (p 0.279, p 
0.327) between duration of disease, while the mean differences of monocyte were significant decrease in diabetic 
nephropathy group (P 0.027) in all duration of disease. The mean differences of WBC count were significant increase (P 
0.009) at duration of disease 6-10 years in diabetic nephropathy group, but no significant differences between WBC count 
in other durations 1-5 years and ≥ 11 years which was (p 0.094, p 0.37) respectively. Furthermore, neutrophil% had 
significant increase in diabetic nephropathy group in all duration of disease (p <0.001, P<0.001, P 0.002) respectively, 
and lymphocyte% were significant decrease in all duration of disease (P<0.001, P<0.001, P 0.001) respectively. The 
mean differences of monocyte was significant decrease (P 0.011) in diabetic without nephropathy at age group ≥ 60 
years, while the mean differences of WBC was no significant differences between study groups in all age groups (p 0.439, 
p 0.506, p 0.41). Also, no significant differences between neutrophil% in all age groups (p 0.368, p 0.58, p 0.717), 
eosinophil% in all age groups (p 0.438, p 0.346, p 0.868), basophil% in all age groups (p 0.754, p 0.165, p 0.269), 
lymphocyte% in all age groups (p 0.682, p 0.312, p 0.653) and monocyte% in age groups of DN (p 0.671), and control 
group (p 0.257). However, the mean differences of neutrophil% was significant increase and lymphocyte % were 
significant decrease between study groups in all age groups (P 0.023, P <0.001, P <0.001) and (P 0.003, P <0.001, 
P<0.001) respectively in DN group compared to DM and control groups. In addition, the mean differences of eosinophil% 
was significant decrease in DN group in age groups between 46-60 years (P 0.001), and the mean differences of 
basophil% was significant increase in DN and DM groups 30-45 years (P<0.001) and age groups 46-60 years (P 0.005) 
compared to control group. There were no significant differences between WBC count in all age groups (p 0.497, p 0.085, 
p 0.087), monocyte% in all age groups (p 0.487, p 0.202, p 0.276), eosinophil% in age group 30-45 years (0.255) and ≥ 
60 years (p 0.388) and basophil% in age group ≥ 60 years (p 0.191). There were significant increase of WBC count in 
female (P 0.001) of DN group compared to female of DM and control groups. In addition, there was significant increase 
of basophil % in DN and DM groups in both gender (male and female) (P 0.006, P 0.001) compared to control group, 
while the percentages of neutrophil% and lymphocyte% were significant increase and decrease respectively in DN group 
in both gender (male and female) (P<0.001, P 0.001), (P<0.001, P<0.001) compared to DM and control group. When 
compared between male and female, no significant difference of WBC count between study groups according to gender 
(p 0.227. p 0.609, p 0.241), eosinophil% (p 0.409, p 0.528, p 0.712), basophil% (p 0.934, p 0.593, p 0.326) and 
monocyte% (p 0.991, p 0.924, p 0.15). While, there were significant decrease (P 0.046) in neutrophil% and significant 
increase (P 0.015) in lymphocyte% of females compared to males in DN group. In addition, there was no significant 
between DNA methylation (p 0.174, p 0.111) in diabetic patients according to duration of disease. The mean differences 
of DNA methylation concentrations in study groups according to age were studied, it was significant increase in all age 
groups (P 0.005, P<0.001, P 0.026) compared to control group. There were no significant difference between DNA 
methylation concentration in study groups including (diabetic with nephropathy, diabetic without nephropathy and control 
group) according to age (p 0.323, p 0.5, p 0.736), there was significant difference between means of DNA methylation in 
this study for study groups with gender (male and female). DNA methylation (P<0.001, P<0.001).Furthermore, no 
significant difference between males and females in all study groups (diabetic with nephropathy, diabetic without 
nephropathy and control group) including DNA methylation concentration (p 0.771, p 0.179, p 0.5). The correlation 
between DNA methylation and study variables were significant found positive correlation between DNA methylation and 
basophil% (r=0.367, p=0.009) in patients with diabetic nephropathy.  
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INTRODUCTION 

Diabetes mellitus is a group of metabolic diseases 

characterized by high blood sugar (glucose) levels that 

result from defects in insulin secretion, or its action, or 

both (Paydar et al. 2019; Tazhbenova et al., 2019). 

Normally, blood glucose levels are tightly controlled by 

insulin, a hormone produced by the pancreas. In 

patients with diabetes, the absence of insufficient 

production of or lack of response to insulin causes 

hyperglycemia. Diabetes is a chronic medical condition, 

meaning that although it can be controlled, it lasts a 
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lifetime (Kalyani et al. 2014). The classic symptoms of 

untreated diabetes are unintended weight loss, polyuria 

(increased urination), polydipsia (increased thirst), and 

polyphagia (increased hunger) (Kumar et al. 2020). 

Symptoms may develop rapidly (weeks or months) in 

type 1 diabetes, while they usually develop much more 

slowly and may be subtle or absent in type 2 diabetes. 

Other symptoms of diabetes include weight loss and 

tiredness (Dhanavelu et al. 2019). Type 2 diabetes is 

characterized by insulin resistance, which may be 

combined with relatively reduced insulin secretion 

(Hesaka et al. 2019). The defective responsiveness of 

body tissues to insulin is believed to involve the insulin-

t-receptor (Zang et al. 2017). It is the most common 

types of diabetes mellitus (Wu et al. 2018). The classic 

definition of epigenetics refers to the heritability of cell 

phenotypes, via either mitosis or meiosis that is not 

encoded by the genome (Zeni et al. 2017). Cell identities 

are defined by patterns of gene expression, and 

chromatin structure is the key mediator of epigenetic 

programming of gene function (Delaneau et al. 2019). 

More than 40 years ago, DNA methylation emerged as 

the first epigenetic modification. DNA methylation 

involves the addition of a methyl group to the cytosine 

ring of cytosines preceding a guanosine in the DNA 

sequence (cytosine-phosphate-guanine [CpG] 

dinucleotides) to form methyl cytosine (5-

methylcytosine) (Zeni et al. 2017). It is a biological 

process in which a methyl group is added to the 5th 

carbon position of the cytosine (5MC) via 

methyltransferase enzymes (DNMTs) (Osman, 2020). 

The addition of methyl group changes the biophysical 

characteristics of DNA result in inhibiting the recognition 

of DNA by some proteins and permits the binding of 

others (Rea et al. 2017). Epigenetic programing has 

been linked to environmental factors (such as nutrition, 

smoking, chemical exposures, drugs, and other 

stresses), physical activity, and aging. Altered 

epigenetic processes are major contributors to disease 

(Tiffon, 2018). Epigenetic alterations in cancer have 

been known for >30 years because the observation that 

tumor progression is associated with the global loss of 

DNA methylation (Castilho et al., 2017).  

MATERIALS AND METHODS 

The present study is an observational case control 

design. The data of study were collected in the period 

from November 2019 to January 2020. The study was 

conducted in Marjan Teaching Hospital in Hilla City, 

Babylon province, Iraq. A total number of subjects 

involved in this study was 75 patients (50 patients 

suffering from diabetic nephropathy, 25 diabetic patients 

without nephropathy) and 25 as control healthy). All 

patients and control were from the same ethnic group 

(Arabic). 

Research and sampling ethics 

The project proposal and sampling method were 

approved by the Research Ethics Committee of Babylon 

Health Directorate according to the directorate 

administrative order No. 5393, date 12/11/2019. In 

addition, the project achieve the permission of research 

ethics in Marjan Medical City. 

 Hematological studies 

All of hematological profile (CBC) have been done by 

use of an automated auto-analyzer. In this test, the blood 

is placed in the vibrator, after which the power switch is 

pressed. Blood 20 µl is blood is taken by probe, and 

taken out of the device, after a minute the result was 

appeared.  

Estimation of 5-Methylcytosine DNA: by using ELIZA 

kit from Zymo- researchers / USA. 

Statistical analysis 

Statistical analysis was carried out using SPSS 

version 23. Continuous variables were presented as 

(Means ± SD). Student t-test was used to compare 

means between two groups 

RESULTS AND DISCUSSION  

Mean difference of WBC parameters between 

study groups 

The mean differences between WBC parameters 

including (WBC count, neutrophil, eosinophil, basophil, 

monocyte, and lymphocyte) according to study groups 

was shown in Table 1. The results showed that, there 

were significant increase in WBC count (P<0.001) and 

neutrophil% (P<0.001) in DN compared to DM and 

control groups, while there was significant decrease in 

eosinophil% (P<0.001), basophil% (P<0.001) and 

lymphocyte% (P<0.001) in DN compared to DM and 

control groups, so, there were no significant differences 

between study groups in their monocyte% (p 0.453). 

These results were agreement with results of Khandare 

et al., (2017) who found that there were significant 

increase in WBC count according to diabetic patients 

and diabetic nephropathy. Leukocytes are activated and 

Table 1. Mean difference of WBC parameters in study groups 

Study variables 

Study groups 

P-value Diabetic nephropathy 
(N=50) 

Diabetic without nephropathy 
(N=25) 

Healthy control 
(N=25) 

WBC count 10e3/uL 9.52 ± 3.88 6.98 ± 2.06 6.95 ± 1.96 <0.001* 

Neutrophil % 74.31 ± 13.38 55.39 ± 6.33 62.45 ± 8.67 <0.001* 

Eosinophil % 2.20 ± 2.27 3.22 ± 1.82 4.41 ± 1.62 <0.001* 

Basophil % 0.61 ± 0.41 0.90 ± 0.38 0.37 ± 0.11 <0.001* 

Monocyte % 6.78 ± 3.25 6.53 ± 1.82 6.00 ± 1.05 0.453 

Lymphocyte % 16.26 ± 10.39 32.11 ± 4.99 31.09 ± 9.78 <0.001* 
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secrete cytokines in the diabetic state and stimulates 

leukocyte proliferation and differentiation, suggest that 

circulating leukocytes contribute to the development and 

progression of nephropathy, partially through the effects 

in patients with type 2 diabetes (Verdaguer et al., 2019). 

So, this results due to the fact that the WBCs play a role 

in the development and progression of diabetic 

complication (Rubattu et al., 2019). 

Mean differences of WBC parameters in 

diabetic patients according to duration of 

disease 

The mean differences of WBC parameters according 

to duration of disease between study groups including 

(diabetic nephropathy and diabetic without nephropathy) 

compared with control group respectively were shown in 

Table 2, the results showed that there were no 

significant differences of WBC count (p 0.323, p 0.733), 

neutrophil% (p 0.142, p 0.798), eosinophil% (p 0.338, p 

0.402), basophil% (p 0.921, p 0.722), lymphocyte% (p 

0.279, p 0.327) between duration of disease, while the 

mean differences of monocyte were significant decrease 

in diabetic nephropathy group (P 0.027) in all duration of 

disease. The mean differences of WBC count were 

significant increase (P 0.009) at duration of disease 6-

10 years in diabetic nephropathy group, but no 

significant differences between WBC count in other 

durations 1-5 years and ≥ 11 years which was (p 0.094, 

p 0.37) respectively. Furthermore, neutrophil% had 

significant increase in diabetic nephropathy group in all 

duration of disease (p <0.001, P<0.001, P 0.002) 

respectively, and lymphocyte% were significant 

decrease in all duration of disease (P<0.001, P<0.001, 

P 0.001) respectively. These results were agreement 

with results of Abdelsalam et al., (2020) who found that 

there was significant increase of WBC at duration of 

disease in diabetic nephropathy patients. Different types 

of activated leukocytes play a crucial role in the 

pathogenesis of most kidney diseases from acute to 

chronic stages (Fani et al., 2018), however, diabetic 

nephropathy was not considered an inflammatory 

disease in the past. This view is changing now because 

there is a growing body of evidence implicating 

inflammatory cells at every stage of diabetic 

nephropathy (Feng et al., 2020). An elevated WBC 

count even within the normal range, is associated with 

both macro- and microvascular complications in type 2 

diabetes (Pan et al., 2017). Higher WBC counts may be 

associated with the development of retinopathy, 

albuminuria, and peripheral arterial disease (Yan et al., 

2019). 

Mean differences of WBC parameters 

between study groups according to age groups 

The mean differences of WBC parameters between 

study groups including (diabetic nephropathy and 

diabetic without nephropathy and control) according to 

age groups were shown in Table 3. The mean 

differences of monocyte was significant decrease (P 

0.011) in diabetic without nephropathy at age group ≥ 60 

years, while the mean differences of WBC was no 

significant differences between study groups in all age 

groups (p 0.439, p 0.506, p 0.41). Also, no significant 

differences between neutrophil% in all age groups (p 

0.368, p 0.58, p 0.717), eosinophil% in all age groups (p 

0.438, p 0.346, p 0.868), basophil% in all age groups (p 

0.754, p 0.165, p 0.269), lymphocyte% in all age groups 

(p 0.682, p 0.312, p 0.653) and monocyte% in age 

groups of DN (p 0.671), and control group (p 0.257). 

However, the mean differences of neutrophil% was 

significant increase and lymphocyte % were significant 

decrease between study groups in all age groups (P 

0.023, P <0.001, P <0.001) and (P 0.003, P <0.001, 

P<0.001) respectively in DN group compared to DM and 

control groups. In addition, the mean differences of 

eosinophil% was significant decrease in DN group in 

age groups between 46-60 years (P 0.001), and the 

mean differences of basophil% was significant increase 

in DN and DM groups 30-45 years (P<0.001) and age 

groups 46-60 years (P 0.005) compared to control 

group. There were no significant differences between 

WBC count in all age groups (p 0.497, p 0.085, p 0.087), 

Table 2. Mean differences of WBC parameters in diabetic patients according to duration of disease 

Study variables Study groups 
Duration of disease 

P-value 
N 1-5 years N 6-10 years N ≥ 11 years 

WBC count 
10e3/uL 

DN (N=50) 11 9.32 ± 3.88 12 10.99 ± 4.26 27 8.96 ± 3.68 0.323 

DM (N=25) 8 6.58 ± 2.28 11 6.98 ± 1.48 6 7.50 ± 2.86 0.733 

P-value Total 19 0.094 23 0.009* 33 0.37  

Neutrophil % 
DN (N=50) 11 81.32 ± 12.08 12 71.78 ± 9.33 27 72.57 ± 14.75 0.142 

DM (N=25) 8 54.75 ± 5.99 11 55.02 ± 6.36 6 56.95 ± 7.58 0.798 

P-value Total 19 <0.001* 23 <0.001* 33 0.002*  

Eosinophil % 
DN (N=50) 11 1.34 ± 1.48 12 2.18 ± 1.54 27 2.55 ± 2.73 0.338 

DM (N=25) 8 2.52 ± 1.35 11 3.41 ± 1.83 6 3.80 ± 2.32 0.402 

P-alue Total 19 0.095 23 0.096 33 0.31  

Basophil % 
DN (N=50) 11 0.65 ± 0.52 12 0.61 ± 0.45 27 0.59 ± 0.35 0.921 

DM (N=25) 8 0.97 ± 0.39 11 0.90 ± 0.34 6 0.80 ± 0.45 0.722 

P-value Total 19 0.175 23 0.113 33 0.235  

Lymphocyte % 
DN (N=50) 11 11.81 ± 9.56 12 17.41 ± 8.59 27 17.56 ± 11.23 0.279 

DM (N=25) 8 31.53 ± 4.29 11 33.70 ± 5.59 6 29.96 ± 4.45 0.327 

P-value Total 19 <0.001* 23 <0.001* 33 <0.001*  

Monocyte % 
DN (N=50) 11 5.21 ± 2.12 12 8.73 ± 3.83 27 6.56 ± 3.03 0.027* 

DM (N=25) 8 6.59 ± 2.14 11 6.82 ± 1.84 6 5.92 ± 1.46 0.639 

P-value Total 19 0.18 23 0.144 33 0.622  
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monocyte% in all age groups (p 0.487, p 0.202, p 0.276), 

eosinophil% in age group 30-45 years (0.255) and ≥ 60 

years (p 0.388) and basophil% in age group ≥ 60 years 

(p 0.191). The results were agreement with results of 

Mosenzon et al., (2019) who found that there were 

significant decrease in diabetic patients at age ≥ 60 

years. Leukocytes can be activated by glycation end 

products, oxidative stress, angiotensin II resulting from 

hyperglycemia, and can produce factors like tumor 

necrosis factor-α and interleukin β1 that involve chronic 

diabetes complication pathogenesis (Jha et al., 2018). 

The leukocyte count test can be added to the diabetes 

control protocol as an early predictor beside that of a 

routine physical examination. Leukocyte count can 

reflect the inflammatory situation of the whole system. 

This study was performed to discover whether leukocyte 

count is a suitable indicator for development of any type 

2 diabetes complications (Abdel-Moneim et al., 2019). A 

study of de Marañón et al., (2020) found there was a 

relationship between age and diabetes duration to 

leukocyte count – it can be said that patients with higher 

leukocyte counts were older and had had diabetes for 

longer. But some other studies showed different results 

and demonstrated that age and diabetes duration did not 

have any significant difference in patients with high or 

low leukocyte counts (Miller et al., 2020; Zhu et al., 

2020). Chronic inflammation induces development and 

progression of type 2 diabetes, implying that 

immunologic and inflammatory mechanisms can play a 

role in procession of the disease (Xia et al., 2018). 

Another theory is that a low insulin level in the blood 

stimulates neutrophil production in bone marrow (Miller 

et al., 2016). However, some receptors were found in 

diabetic patients’ immune systems that induce 

inflammation in blood vessels. Chronic inflammation 

responses in addition to other risk factors can help to 

progress diabetes complications by inducing massive 

endothelium injury and an increase in some mediators 

and oxidative stress (Karan et al., 2020). 

Mean differences of WBC parameters 

between study groups according to gender 

The mean differences of WBC parameters between 

study groups including (diabetic nephropathy and 

diabetic without nephropathy and control) according to 

gender groups were shown in Table 4, the results 

showed that, there were significant increase of WBC 

count in female (P 0.001) of DN group compared to 

female of DM and control groups. In addition, there was 

significant increase of basophil % in DN and DM groups 

in both gender (male and female) (P 0.006, P 0.001) 

compared to control group, while the percentages of 

neutrophil% and lymphocyte% were significant increase 

and decrease respectively in DN group in both gender 

(male and female) (P<0.001, P 0.001), (P<0.001, 

P<0.001) compared to DM and control group. When 

compared between male and female, no significant 

difference of WBC count between study groups 

according to gender (p 0.227. p 0.609, p 0.241), 

eosinophil% (p 0.409, p 0.528, p 0.712), basophil% (p 

0.934, p 0.593, p 0.326) and monocyte% (p 0.991, p 

0.924, p 0.15). While, there were significant decrease (P 

0.046) in neutrophil% and significant increase (P 0.015) 

in lymphocyte% of females compared to males in DN 

group. These results were agreement with results of 

Xiong et al., (2020) who found that there were significant 

increase of WBC count in female suffering from diabetic 

nephropathy, while a study of Kulathunga et al., (2020) 

found that the high percentage of Diabetic nephropathy 

in males could be related to male habits like alcohol and 

smoking.  

Table 3. Mean differences of WBC parameters between study groups according to age groups 

Study variables Study group 
Age groups 

P-value 
N 30-45 years N 46-60 years N ≥ 60 years 

WBC 
count10e3/uL 

DN(N=50) 5 7.81 ± 1.89 17 9.14 ± 4.59 28 10.07 ± 3.65 0.439 

DM (N=25) 4 6.83 ± 1.37 13 6.58 ± 1.63 8 7.69 ± 2.88 0.506 

Control group 8 6.22 ± 2.78 13 7.43 ± 1.32 4 6.87 ± 1.87 0.41 

P-value Total 17 0.497 43 0.085 40 0.087  

Neutrophil % 

DN(N=50) 5 73.52 ± 11.45 17 78.04± 16.72 28 72.18 ± 11.24 0.368 

DM (N=25) 4 56.65 ± 5.90 13 56.22 ± 7.25 8 53.41 ± 5.08 0.58 

Control group 8 60.66 ± 7.81 13 63.83 ± 9.96 4 61.55 ± 6.69 0.717 

P-value Total 17 0.023* 43 <0.001* 40 <0.001*  

Eosinophil % 

DN(N=50) 5 2.66 ± 1.88 17 1.62 ± 2.40 28 2.46 ± 2.26 0.438 

DM (N=25) 4 3.52 ± 2.07 13 3.61 ± 1.75 8 2.43 ± 1.80 0.346 

Control group 8 4.50 ± 1.78 13 4.48 ± 1.80 4 4.00 ± 0.61 0.868 

P-value Total 7 0.255 43 0.001* 40 0.388  

Basophil % 

DN(N=50) 5 0.64 ± 0.23 17 0.55 ± 0.46 28 0.64 ± 0.41 0.754 

DM (N=25) 4 1.22 ± 0.26 13 0.86 ± 0.42 8 0.80 ± 0.28 0.165 

Control group 8 0.42 ± 0.13 13 0.33 ± 0.10 4 0.37 ± 0.09 0.269 

P-value Total 17 <0.001* 43 0.005* 40 0.191  

Lymphocyte 
% 

DN(N=50) 5 16.58 ± 9.76 17 14.46 ± 12.25 28 17.30 ± 9.46 0.682 

DM (N=25) 4 35.60 ± 1.66 13 31.18 ± 5.35 8 31.87 ± 5.17 0.312 

Control group 8 32.91 ± 7.60 13 31.17 ± 10.87 4 27.20 ± 11.34 0.653 

P-value Total 17 0.003* 43 <0.001* 40 0.001*  

Monocyte 
% 

DN(N=50) 5 7.75 ± 2.79 17 6.31 ± 3.54 28 6.89 ± 3.21 0.671 

DM (N=25) 4 6.34 ± 2.36 13 7.46 ± 1.41 8 5.13 ± 1.33 0.011* 

Control group 8 6.51 ± 1.02 13 5.76 ± 0.94 4 5.75 ± 1.34 0.257 

P-value Total 17 0.487 43 0.202 40 0.276  
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Mean differences of DNA methylation 

concentrations in study groups according to 

duration of disease 

In Table 5, there was no significant between DNA 

methylation (p 0.174, p 0.111) in diabetic patients 

according to duration of disease, Even though the 

importance of epigenetics was first recognized in light of 

its role in tissue development, an increasing amount of 

evidence has shown that it also plays an important role 

in the development and progression of many common 

diseases (Jin & Liu 2018), DNA methylation, in some 

common diseases, many new risk factors have been 

identified through the population-based epigenetic 

epidemiologic studies on the role of epigenetics in 

common diseases, this relatively new field still faces 

many unique challenges (Ma et al., 2020). 

Mean differences of DNA methylation 

concentrations in study groups according to age 

The mean differences of DNA methylation 

concentrations in study groups according to age were 

studied, it was significant increase in all age groups (P 

0.005, P<0.001, P 0.026) compared to control group. 

There were no significant difference between DNA 

methylation concentration in study groups including 

(diabetic with nephropathy, diabetic without nephropathy 

and control group) according to age (p 0.323, p 0.5, p 

0.736), as shown in Table 6. Aging is a process of 

becoming old with many physical and psychological 

consequences. Even though it is a natural process, it 

can be biologically classified as a disease (Cohen et al., 

2020), many years ago, age-related DNA methylation 

changes were observed in diabetic nephropathy 

patients. Epigenetic mechanisms may play an important 

role in the aetiology of type 2 diabetes (Naidoo et al., 

2018). Epigenome-wide association studies (EWASs) 

identified several DNA methylation markers associated 

with type 2 diabetes (Liu et al., 2019). Currently, a 

growing number of studies have shown that dynamic 

Table 4. Mean differences of WBC parameters between study groups according to gender 

Study variables Study group 
Gender 

P-value 
N Male N Female 

WBC count 
10e3/uL 

DN (N=50) 26 8.88 ± 3.99 24 10.22 ± 3.71 0.227 

DM (N=25) 13 7.19 ± 2.16 12 6.75 ± 2.01 0.609 

Control group 14 7.37 ± 2.13 11 6.42 ± 1.66 0.241 

P-value Total 53 0.20 47 0.001*  

Neutrophil % 

DN (N=50) 26 77.92 ± 13.10 24 70.39 ± 12.82 0.046* 

DM (N=25) 13 55.03 ± 7.50 12 55.78 ± 5.08 0.771 

Control group 14 62.74 ± 7.93 11 62.09 ± 9.93 0.857 

P-value Total 53 <0.001* 47 0.001*  

Eosinophil % 

DN (N=50) 26 2.45 ± 2.81 24 1.92 ± 1.49 0.409 

DM (N=25) 13 3.45 ± 1.90 12 2.97 ± 1.77 0.528 

Control group 14 4.52 ± 1.86 11 4.27 ± 1.32 0.712 

P-value Total 53 0.04* 47 0.001*  

Basophil % 

DN (N=50) 26 0.61 ± 0.40 24 0.62 ± 0.42 0.934 

DM (N=25) 13 0.86 ± 0.41 12 0.94 ± 0.35 0.593 

Control group 14 0.39 ± 0.11 11 0.34 ± 0.12 0.326 

P-value Total 53 0.006* 47 0.001*  

Lymphocyte 
% 

DN (N=50) 26 12.88 ± 9.07 24 19.92 ± 10.65 0.015* 

DM (N=25) 13 31.98 ± 5.20 12 32.25 ± 4.99 0.898 

Control group 14 29.09 ± 8.79 11 33.64 ± 10.78 0.257 

P-value Total 53 <0.001* 47 <0.001*  

Monocyte 
% 

DN (N=50) 26 6.78 ± 3.59 24 6.79 ± 2.93 0.991 

DM (N=25) 13 6.57 ± 1.44 12 6.50 ± 2.24 0.924 

Control group 14 6.27 ± 1.10 11 5.65 ± 0.91 0.15 

P-value Total 53 0.849 47 0.444  
 

Table 5. Mean differences of DNA methylation concentrations in study groups according to duration of disease 

Study variables Study groups 
Duration of disease 

P-value 
N 1-5 years N 6-10 years N ≥ 11 years 

DNA methylation (ng/ml) 
DN (N=50) 11 4.69 ± 1.30 12 3.85 ± 1.24 27 4.00 ± 1.03 0.174 

DM (N=25) 8 3.88 ± 1.64 11 2.76 ± 0.77 6 3.12 ± 0.56 0.111 

P-value Total 9 0.251 23 0.02 33 0.158  
 

 

Fig. 1. The mean differences of DNA methylation according 
to duration of disease 
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DNA methylation throughout human lifetime exhibits 

strong correlation with age and age-related outcomes. 

Indeed, many researchers have built age prediction 

models with high accuracy based on age-dependent 

methylation changes in certain CpG loci (Xiao et al., 

2019). 

Mean differences of DNA methylation 

concentrations in study groups according to 

gender 

The mean differences of DNA methylation according 

to gender were shown in Table 7, the results showed 

that, there was significant difference between means of 

DNA methylation in this study for study groups with 

gender (male and female). DNA methylation (P<0.001, 

P<0.001). Furthermore, no significant difference 

between males and females in all study groups (diabetic 

with nephropathy, diabetic without nephropathy and 

control group) including DNA methylation concentration 

(p 0.771, p 0.179, p 0.5). These results were agreement 

with results of Massart et al., (2019) who found that there 

was significant difference between means of DNA 

methylation in this study for study groups with gender. A 

study of Al-Rubeaan et al., (2017) found that DNA 

methylation levels were significantly higher in patients 

with diabetic nephropathy compared with those without 

nephropathy. No significance differences were observed 

in DNA methylation levels between men and women in 

three groups according to (Nowacka-Woszuk et al., 

2019). 

The correlation between DNA methylation and 

all study variables 

The correlation between DNA methylation and study 

variables were shown in Table 8, it was significant found 

positive correlation between DNA methylation and 

basophil% (r=0.367, p=0.009) in patients with diabetic 

nephropathy. The results were agreement with results 

obtained by Santos et al., (2020) who found that was 

significant found positive correlation between DNA 

methylation and leukocyte specially basophil. Leukocyte 

differential counts and flow cytometry measurements 

(the gold standard for identifying subsets of cells within 

heterogeneous mononuclear cell samples) are often not 

Table 6. Mean differences of DNA methylation concentrations in study groups according to age 

Study variables Study group 
Age group 

P-value 
N 30-45 years N 46-60 years N ≥ 60 years 

DNA methylation 
(ng/ml) 

DN (N=50) 5 3.79 ± 0.53 17 4.45 ± 1.23 28 3.96 ± 1.18 0.323 

DM (N=25) 4 2.62 ± 1.25 13 3.21 ± 1.10 8 3.48 ± 1.26 0.5 

Control group 8 2.20 ± 0.37 13 2.03 ± 0.71 4 2.24 ± 0.39 0.736 

P-value Total 17 0.005* 43 <0.001* 40 0.026*  
 

 

Fig. 2. The mean differences of DNA methylation according 
to age 

Table 7. Mean differences of DNA methylation concentrations in study groups according to gender 

Study variables Study group 
Gender 

P-value 
N Male N Female 

DNA methylation (ng/ml) 

DN (N=50) 26 4.16 ± 1.10 24 4.06 ± 1.24 0.771 

DM (N=25) 13 3.51 ± 1.39 12 2.87 ± 0.78 0.179 

Control group 14 2.19 ± 0.64 11 2.03 ± 0.46 0.5 

P-value Total 53 <0.001* 47 <0.001*  
 

 

Fig. 3. The mean differences of DNA methylation according 
to gender 
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possible because they require fresh samples with intact 

cells, or are too costly (Tay et al., 2018). Thus, as 

epigenome-wide DNA methylation can be measured 

using archival peripheral blood with relatively 

straightforward protocols and commercially available 

array technology or bisulfite sequencing, the capacity to 

accurately predict cell-type proportions using L-DMRs 

has important implications for any study of health, 

disease or pharmacologic intervention where 

measurement of leukocyte proportions is of interest 

(Walker et al., 2018). 

CONCLUSION 

There was no significant between DNA methylation 

(p 0.174, p 0.111) in diabetic patients according to 

duration of disease. The mean differences of DNA 

methylation concentrations in study groups according to 

age were studied, it was significant increase in all age 

groups (P 0.005, P<0.001, P 0.026) compared to control 

group. There were no significant difference between 

DNA methylation concentration in study groups 

including (diabetic with nephropathy, diabetic without 

nephropathy and control group) according to age (p 

0.323, p 0.5, p 0.736), there was significant difference 

between means of DNA methylation in this study for 

study groups with gender (male and female). DNA 

methylation (P<0.001, P<0.001). Furthermore, no 

significant difference between males and females in all 

study groups (diabetic with nephropathy, diabetic 

without nephropathy and control group) including DNA 

methylation concentration (p 0.771, p 0.179, p 0.5). The 

correlation between DNA methylation and study 

variables were significant found positive correlation 

between DNA methylation and basophil% (r=0.367, 

p=0.009) in patients with diabetic nephropathy. 
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