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Abstract. 

Background: Type 2 diabetes (T2DM) is defined as the chronic disorder associated with metabolic issues, having 

hyperglycemia and insulin resistance as the main drivers. It appears that oxidative stress and damage to DNA may 

contribute significantly to the emergence of diabetes and its complications. The present study aims to analyze the 

interrelation between the markers of DNA damage and glycemic control in Iraqi individuals suffering from T2DM. 

Objectives: The aim of the research is to reveal the existence of any interrelationship between DNA damage (8-

hydroxy-2'-deoxyguanosine [8-OHdG] and parameters obtained from comet assay) and glycemic control (HbA1c 

levels) among the individuals suffering from T2DM in Iraq. 

Methods: This research is based on the data collected about 180 diabetes patients and 60 healthy individuals. The 

measurements of fasting blood glucose (FBG), HbA1c, 8-OHdG, and DNA damage were taken. The assessment of 

DNA damage was performed using comet assay and statistical procedure. 

Results: Diabetes patients demonstrated a higher level of 8-OHdG in comparison with healthy individuals (p < 0.001) 

and show an increase in DNA damage. DNA damage has exhibited a positive correlation with HbA1c (r = 0.742, p < 

0.001) and FBG (r = 0.698, p < 0.001). Multiple regression showed that an independent predictor of DNA damage 

was HbA1c (β = 0.521, p < 0.001). 

Conclusions: The findings indicate that there exists a close association between glycemic control and DNA damage 

in patients in Iraq. Low glycemic control influences the increase in oxidative and DNA damage stressing the necessity 

of intensive glycemic control in diabetes treatment. 

 

Keywords: Type 2 diabetes mellitus, DNA damage, glycemic control, 8-OHdG, comet assay, oxidative stress, 
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1. Introduction 

 

Type 2 diabetes mellitus (T2DM) is one of the biggest public health crises of our time, with around 537 million adults 

suffering from it worldwide in 2021, and this number may reach 783 million by 2045 [1]. The rates of T2DM in the 

Middle East and North Africa, including Iraq, show significant growth over the last 20 years due to rapid urbanization, 

changes in lifestyle, decreased activity levels, and increase in high-caloric food consumption [2]. Iraq is undergoing a 

diabetes crisis, with current estimates showing about 4 million to 5 million people suffering from T2DM, although the 

exact figures are unclear due to a lack of proper surveillance systems [3].  T2DM is a metabolic disease marked by 

chronic elevation of blood sugar, which may be caused by a problem with insulin secretion, insulin action, or both, 

giving rise to serious vascular and non-vascular complications [4]. 

The pathophysiology of T2DM involves an intricate combination of factors such as insulin resistance, pancreatic beta-

cell dysfunction, diseases of liver metabolism of glucose, and chronic low-grade inflammation [5]. The researched 

traditional risk factors include obesity, lack of physical activity, and genetics, yet more studies indicate the role of 

oxidative stress in T2DM and its complications [6]. Oxidative stress is a state in which there is an imbalance between 

the production of reactive oxygen species (ROS) and the antioxidant defense system of the body. In terms of diabetes, 
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chronic hyperglycemia results in too much production of ROS through various mechanisms such as auto-oxidation of 

glucose, increased mitochondrial respiration, and activation of NADPH oxidase [8]. Excessive accumulation of ROS 

in diabetic patients can certainly lead to damage of cellular macromolecules such as proteins, lipids, and DNA, and 

hence more development of diabetic complications [9].  

DNA damage is one of the important consequences of oxidative stress, since damaged DNA is sensitive to oxidative 

modification due to the effect of ROS on DNA [10].  

 

About 70% of spontaneous DNA lesions is caused by oxidative damage whereby the most common and stable 

oxidatively damaged DNA lesion at the same time is 8-hydroxy-2'-deoxyguanosine (8-OHdG) [11]. The damage 

occurs when ROS attack guanine DNA base. This results in mutagenic lesion which must be repaired in order to avoid 

GC to AT transversions [12]. High levels of urinary and serum 8-OHdG are recorded in multiple conditions and can 

serve as a marker of oxidative stress and DNA damage [13]. Several works show elevated amounts of 8-OHdG in 

diabetic patients in relation to healthy controls and this increase is related to uncontrolled glycemia and diabetes 

complications [14, 15]. This method involves it measuring and besides 8-OHdG, single-cell gel electrophoresis, or the 

comet test may be considered a good method of assessment of DNA damage in cells [16].The comet assay is a 

technique that allows the quantitative measurement of DNA damage and repair capability in individual cells, giving a 

better representation of genotype [17]. There has been an increased application of this technique in research to study 

metabolic disorders impacting genome stability [18]. The link between glycaemic control and damage to DNA has 

been previously shown in various studies and populations [19, 20]. Many studies have shown that poor glycaemic 

control, defined by high levels of hemoglobin A1c (HbA1c), contributes to an increase in DNA damages and oxidative 

stress [21]. HbA1c is considered a ‘gold standard’ method of assessing long term glycaemic control with its proven 

correlation to the degree of vascular damage and complications due to diabetes [22]. 

 

The literature investigating the association between glycaemic control and DNA damage in Middle Eastern countries, 

in particular Iraq, is lacking. Iraq is dealing with many specific issues regarding treatment of diabetes, such as low 

availability of medical facilities, inadequate glycaemic monitoring centers, high incidence of complications due to 

diabetes, and lack of educational programs aimed at patients [23]. The treatment of diabetes is aggravated by the 

consequences of prolonged military conflicts reducing access to healthcare services and creating difficulties in the 

establishment of high-quality medical service [24]. Understanding the mechanisms linking poor glycaemic control to 

different destructive processes, such as DNA damage, is essential for selection correct strategies leading to positive 

results in diabetes treatment in Iraq.  

 

There is extensive evidence that chronic hyperglycemia leads to development of diabetic complications; however, the 

exact mechanisms are yet to be determined. Recently, it was found that the connection between hyperglycemia and 

occurrence of diabetes complications is linked to the inducing of DNA damage due to oxidative stress [25].  

 

Our study aimed at finding the relationship between DNA markers and glycemic control in Iraqi patients. Our primary 

goal was to define the link between the DNA damage markers (8-OHdG and comet assay parameters) and glycemic 

control (HbA1c and FBG) in patients suffering from T2DM in Iraq. The second goal was to find out the relationship 

between DNA damage and duration of diabetes, and the third goal was to study the impact of different types of 

glycemic control on DNA damage. We assumed that poor glycemic control will lead to higher levels of DNA damage. 

 

2. Methodology 

 

2.1 Study Design and Setting 

 

This was a cross-sectional comparative study conducted at Aldiwania Teaching Hospital. The study was conducted 

over a 12-month period from January 2023 to December 2023.  

 

2.2 Study Population 

 

The study population comprised of two groups: (1) patients with T2DM (n=180) and (2) age-matched healthy controls 

who were free of diabetes (n=60). T2DM patients were recruited from both the outpatient diabetes clinic and inpatient 
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services at Aldiwania Teaching Hospital. Inclusion criteria for T2DM patients included: being aged 30 years or above, 

being diagnosed as having T2DM as per the criteria of American Diabetes Association (i.e. FBG 126 mg/dL or more, 

2-hour glucose equal to or greater than 200 mg/dL in an oral glucose tolerance test, or HbA1c of ≥6.5%), illness 

duration of over one year, and ability to give informed consent. Exclusion criteria comprised: type 1 diabetes, 

secondary diabetes, acute diabetic complications (diabetic ketoacidosis/hyperosmolar hyperglycemic state), acute 

infection or sepsis, recent surgery (within prior 3 months), malignant illness, chronic kidney disease stage 4-5, liver 

cirrhosis, autoimmune disorders and being on immunosuppressive drugs. Healthy controls were recruited from 

hospital staff and relatives of such patients having no history of diabetes in themselves and their families and having 

no chronic illness, with FBG <100 mg/dL and HbA1c <5.7%. 

 

2.3 Data Collection 

 

A standardized questionnaire was used by trained researchers to gather demographic and clinical information. 

Collected information consisted of age, sex, body mass index (BMI), duration of diabetes, medications taken, smoking 

status, and complications due to diabetes (i.e. retinopathy, nephropathy, neuropathy). Medical checks were carried out 

to measure blood pressure, height, and weight. Blood was acquired (10 mL) after an overnight fast (8-12 hours) from 

all participants. Collected blood was split into three parts: 1) 2mL in EDTA tube to be processed immediately for the 

comet assay analysis, 2) 3mL in serum separator tube for biochemical analyses. 

 

2.4 Biochemical Measurements 

 

The hexokinase method was used to test FBG levels through an automated analyzer (Roche Cobas c702 Chemistry 

Analyzer) while determining HbA1c through HPLC (high-performance liquid chromatography), using a Bio-Rad 

Variant II analyzer with coefficient of variation matches of less than 2%. Serum creatinine, blood urea nitrogen (BUN), 

liver function tests, and biochemical analysis were done with standard enzymatic automated analyzers. The 8-OHdG 

levels in serum were tested through the ELISA (enzyme-linked immunosorbent assay) method. The manufacturer’s 

instructions by Cayman Chemical Company, Ann Arbor, MI, USA specifies a minimum detection limit of 0.15 ng/mL 

for 8-OHdG construction and the coefficient of variation is 4.6% for the intra-assay and 6.8% for the inter-assay 

respectively. 

 

2.5 Comet Assay (Single-Cell Gel Electrophoresis) 

 

DNA damage was evaluated using the alkaline comet assay techniques as previously described [26]. In brief 

lymphocytes were prepared from blood using Ficoll-Paque density gradient centrifugation. The cells obtained (1×10⁵ 

cells/mL) were then embedded in the 0.5% low melting-point agarose in microscope slides previously prepared with 

1% normal melting-point agarose. On completion of cell lysis in the high salt buffer (pH 10) for 1 hour at 4°C and 

cell unwinding in alkaline buffer (pH >13) for 20 minutes, results of electrophoresis were recorded at 25 V and 300 

mA for 25 minutes. After neutralization and ethanol precipitation slides were stained with ethidium bromide. Fifty 

cells from each slide (totaling 100 cells from 2 slides) were evaluated using the fluorescence microscopy with the 

CometScore software set to 400× magnification. DNA damages were assessed using the following measurements: (1) 

tail length (in micrometers) – the distance from the middle of comet blob till the end of comet tail, (2) tail intensity – 

the content of total DNA in the tail, (3) Olive moment – the overall index simultaneously considering tail length and 

tail intensity. All measurements of comet assay were done by one person that was blinded in participant’s group 

assignment. 

 

2.6 Glycemic Control Categories 

 

Based on the levels of HbA1c, participants were divided into three groups: good glycemic control (HbA1c <7%), 

moderate glycemic control (HbA1c 7-8.9%), and poor glycemic control (HbA1c ≥9%). The groups were determined 

according to American Diabetes Association recommendations for personalized glycemic targets in diabetes 

management. 
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2.7 Statistical Analysis 

 

SPSS version 26.0 (IBM Corporation, Chicago, IL) was used to execute all statistical evaluations. All of the parameters 

were evaluated descriptively, thus we present continuous variables in terms of means ± standard deviations (SDs) and 

the categorical ones in terms of frequencies and percentages. The normality of the data distribution was evaluated by 

means of Shapiro-Wilk test. Diabetic patients were compared to control using independent samples t test for 

continuous normally distributed and Mann-Whitney U test for continuous non-normally distributed variables. Chi-

square test was applied to compare categorical data. The correlations of DNA damage variables and markers of 

glycemic control were evaluated using Pearson’s and Spearman’s coefficients. Multiple linear regression analysis was 

utilized for evaluation of DNA damage variables (tail length and olive moment) with respect to HbA1c value, FBG 

value, age, BMI and diabetes duration employing them as predictors. Multiple analysis of variance (MANOVA) has 

been performed for comparison of DNA damage values. 

 

3. Results 

 

3.1 Demographic and Clinical Characteristics 

 

The T2DM and control groups were comparable in terms of age, gender, and smoking status since there was no 

statistically significant difference noted (p > 0.05). On the other hand, the groups were different from each other with 

respect to different clinical parameters. The T2DM subjects had the mean value of BMI to be much higher than the 

controls (28.9 vs. 23.4 kg/m²). Moreover, both systolic and diastolic blood pressures were found to be higher in the 

T2DM group compared to the controls (SBP: 135.4 vs. 118.6 mmHg; DBP: 82.3 vs. 74.2 mmHg), the differences 

were shown to be highly statistically significant (p < 0.001). 

 
Table 1: Demographic and Clinical Characteristics of Study Participants. Data presented as mean ± SD for continuous variables 

and frequencies (%) for categorical variables. SBP, systolic blood pressure; DBP, diastolic blood pressure. *P < 0.001 indicates 

statistical significance. 

 
Characteristic T2DM Patients (n=180) Controls (n=60) P-value 

Age (years) 52.3 ± 9.8 51.8 ± 10.2 0.671 

Sex (M/F), n (%) 96/84 (53.3%/46.7%) 32/28 (53.3%/46.7%) 1.000 

BMI (kg/m²) 28.9 ± 4.6 23.4 ± 2.8 <0.001* 

Diabetes duration (years) 8.2 ± 6.4 — — 

Smoking, n (%) 54 (30.0%) 12 (20.0%) 0.112 

SBP (mmHg) 135.4 ± 15.2 118.6 ± 8.4 <0.001* 

DBP (mmHg) 82.3 ± 10.6 74.2 ± 7.3 <0.001* 

 

The values of all considered biochemical indexes in patients with T2DM were notably higher than in the rest of the 

subjects of the research. Poor glycemic control seen in T2DM patients was demonstrated by rather elevated fasting 

blood glucose (172.6 vs. 89.4 mg/dL) as well as HbA1c levels (8.4% vs. 5.2%) in comparison with healthy individuals. 

In addition, T2DM patients presented worse lipid profile having much higher levels of total cholesterol as well as 

LDL-cholesterol. Most importantly, the urinary marker of oxidative DNA injury 8-hydroxy-2-deoxyguanosine (8-

OHdG) was recorded to be four times higher in T2DM patients (4.8 ng/mL) compared to its concentration in healthy 

subjects (1.2 ng/mL), thus proving the much higher level of systemic oxidative stress in diabetic patients (p < 0.001 

for all). 

 
Table 2: Biochemical Parameters and 8-OHdG Levels in Study Groups. FBG, fasting blood glucose; 8-OHdG, 8-hydroxy-2'-

deoxyguanosine. *P < 0.001 indicates statistical significance. 
Biochemical Parameter T2DM Patients (n=180) Controls (n=60) P-value 

FBG (mg/dL) 172.6 ± 54.2 89.4 ± 8.6 <0.001* 

HbA1c (%) 8.4 ± 1.8 5.2 ± 0.4 <0.001* 

Total Cholesterol (mg/dL) 218.4 ± 48.6 182.3 ± 32.4 <0.001* 

LDL-C (mg/dL) 142.8 ± 38.6 108.4 ± 28.3 <0.001* 

8-OHdG (ng/mL) 4.8 ± 2.1 1.2 ± 0.6 <0.001* 
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Compared to those in the control group, diabetes patients showed generally higher values for comet assay parameters, 

which directly indicate the presence of DNA breaks. The average tail length was noticed to be 28.6 µm among the 

diabetes patients, as opposed to the control group’s value of 8.2 µm. The tail intensity was three times as high as that 

recorded in the control group (35.8% vs. 9.4%). Moreover, the Olive moment measure of the T2DM group (82.4) is 

significantly higher than that of control (14.2) as well. 

 
Table 3: Comet Assay Parameters Measuring DNA Damage. Olive moment is a composite measure combining tail length and tail 

intensity. All differences between groups are statistically significant at P < 0.001. 
Comet Assay Parameter T2DM Patients (n=180) Controls (n=60) P-value 

Tail Length (μm) 28.6 ± 12.4 8.2 ± 3.6 <0.001* 

Tail Intensity (%) 35.8 ± 14.2 9.4 ± 4.8 <0.001* 

Olive Moment 82.4 ± 38.6 14.2 ± 7.8 <0.001* 

 

 
Figure 1: Comparative comet assay analysis 

 

3.2 Association between DNA Damage and Glycemic Control 

The examination of Pearson correlation tests showed considerable positive relations between DNA damage indicators 

and glycemic markers. Tail length had direct relation with HbA1c (r = 0.742, p < 0.001) and FBG (r = 0.698, p < 

0.001) values. Furthermore, olive moment positively correlated with the values of HbA1c (r = 0.718, p < 0.001) and 

FBG (r = 0.672, p < 0.001). Serum 8-OHdG levels also positively correlated with HbA1c (r = 0.704, p < 0.001) and 

FBG (r = 0.641, p < 0.001) respectively. It was revealed that HbA1c was independently significant for predicting tail 

length from multiple linear regression analysis (β = 0.521, p < 0.001, 95% CI: 2.18-3.64) and olive moment (β = 

0.489, p < 0.001, 95% CI: 8.96-14.32). There were significant results of differences between DNA damage 

measurements categories for different three groups when splitting the participants by glycemic control categories (p 

< 0.001). Patients with poor glycemic profile (HbA1c ≥9%) showed 3.2 times increased tail length (34.8 ± 13.2 μm) 

in comparison to individuals with good glycemic profile (10.8 ± 5.4 μm). 

 

4. Discussion 

 

Research indicates a notable link between measurements of glycemic control and DNA damage among Iraqi patients 

suffering from T2DM. Results indicate that T2DM patients exhibit a remarkable increase in markers of DNA damage 

than normal controls and there is a strong and independent relationship between DNA damage and measurements of 

glycemic control. These results fit into the previously existing research and add fresh evidence to the research done 

on the same subject in different populations at the same time providing new data concerning the Iraqi population. 
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Thus, the increase in levels of 8-OHdG in diabetic individuals (4.8 ± 2.1 ng/mL) compared to controls (1.2 ± 0.6 

ng/mL) which is 4 times higher is supported by the data from many studies that show that prolonged hyperglycemia 

leads to oxidative stress and DNA damage [27]. 

 

Moreover, the explanation of the observed process can be found in many mechanisms such as (1) glucose auto-

oxidation which results in increasing the amount of superoxide anions, (2) mitochondrial dysfunction followed by 

enhanced activity of the respiratory chain and increased production of ROS, (3) activation of NADPH oxidase due to 

availability of high glucose levels, and (4) disruption of antioxidant system including superoxide dismutase, catalase, 

and glutathione peroxidase [28].  Thus, the fact that HbA1c is positively correlated with various DNA damage 

indicators (r = 0.742 for tail length, r = 0.718 for olive moment, r = 0.704 for 8-OHdG) is a great insight that adds to 

the body of knowledge of the molecular effects of poor glycemic control.The fact that HbA1c still remained an 

independent predictor of DNA damage, even after adjusting for other confounding variables, indicates that glycemic 

regulation is one of the important changes in the modification of genomic integrity among diabetic patients. Results 

obtained from the comet assay revealed an increase in patients’ tail length and olive moment, thus indicating higher 

odds for DNA double-stranded breaks in diabetic patients. Comet assay is superior in terms of sensitivity to 8-OHdG 

assay in terms of early and transient DNA damage, as it reveals the fact of DNA destruction at the cellular level [29]. 

The increase in patients’ tail length determined by the assay is about 3.5 times the same indicator among healthy 

controls; thus, it may indicate a high possibility for the occurrence of genomic instability leading to cellular 

malfunction and complication processes in diabetes. The findings from the stratification analysis demonstrating the 

difference in the tail length among patients with poor glycemic regulation in diabetes compared to those with good 

glycemic regulation pose serious clinical significance of this observation. It can be concluded that managing glycemics 

by means of the strategies aimed at reaching less than HbA1c (%) may significantly decrease the incidence of oxidative 

stress responsible for DNA damage. These findings are particularly important for the context of Iraq since lots of 

diabetic patients are presented with poor glycemic control due to limited access to medical facilities and medications, 

low patient education, and weak monitoring facilities [30].  

 

It should be highlighted that improving glycemic status among diabetic patients may also reduce DNA damage 

theoretically leading to lesser risks of complications from diabetes in practice. The fact that oxidative stress and DNA 

damage could act as the mechanism connecting hyperglycemia with diabetes complications is supported by scientific 

evidence. Oxidative DNA damage is widely known to play a key role in the development of diabetic nephropathy, 

retinopathy, and cardiovascular disease [31].Failure to repair or incorrectly repairing DNA damage can result in 

mutations, instability of chromosomes, and changes in gene expression which could play a role in the progressive 

nature of diabetes complications [32]. In addition, persistent DNA damage can initiate apoptosis pathways in 

susceptible cells like the glomerular podocytes and endothelial cells which can result in tissue damage and loss of 

functionality [33]. The high levels of DNA damage present among Iraqis are worrisome because they are also subject 

to additional stressors that can compromise health. There are also individuals who live in areas of the country with 

pollution and contamination due to war and industrial activities thus adding more oxidative stress on top of that caused 

by hyperglycemia alone [34].  

As a result of the dual effect of metabolic dysfunction and environmental stressors, the environment for stability within 

the genome could be particularly toxic. A major finding of this study was the relationship between the length of time 

an individual suffers from diabetes and the parameters of DNA damage which seem to indicate that chronic exposure 

to hyperglycemia leads to accumulative DNA damage. This may have implications for primary prevention tactics and 

early interventions among high-risk populations. The steps that would prevent the emergence of T2DM could not only 

help eliminate the effects of oxidative stress caused by hyperglycemia for a certain period of time but also eradicate 

the effects of DNA damage throughout life. The study also noted very high rates of diabetes complications documented 

in this cohort with 45.6% of the subjects having retinopathy, 38.3% having microalbuminuria indicative of early 

nephropathy, and 42.2% of subjects examined having neuropathy.The idea that DNA damage measurements were 

markedly higher in patients suffering from complications compared to those not suffering from them hints that 

oxidative stress-mediated DNA damage may indeed have a role in the emergence of these clinical features. 

Nevertheless, the cross-sectional nature of this research indicates that it is not possible to draw conclusions about 

causality and future studies should be conducted in order to establish whether higher DNA damage is a precursor of 

complications. The significance of these results is that they can be taken into account while monitoring and managing 
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diabetic patients in developing countries. It should be noted that the current practice of DNA damage assessment is 

not feasible. Given the presence of a strong correlation between HbA1c and DNA damage, blood glucose monitoring 

using HbA1c can actually be used for minimizing genomic damage. In the future, other indicators of oxidative stress 

can be identified that can make the assessment of oxidative stress easier in the Iraqi health care system [35]. 

 

The article has several strengths, including relatively large sample size and a wide range of methods used to assess 

DNA damage (the study utilized both 8-OHdG and comet assay), as well as standardized protocols and in-depth 

statistical analysis that controlled for possible confounding factors. Nevertheless, the article has some drawbacks that 

should be mentioned as well. The limitation of the study is that it is based on the cross-sectional study design, thus 

making it impossible to draw conclusions concerning causal relationships. Furthermore, the study was conducted in 

just one hospital, which could cast doubts about the accuracy of the results. It should be emphasized that as the 

approach did not evaluate the capacity for DNA repair or polymorphisms of certain genes related to DNA repair that 

could influence susceptibility to oxidative stress damage, the study becomes more complicated. 

 

The importance of the results is that it can be used to improve public health in Iraq and other countries of the Middle 

East where diabetes is becoming an epidemic. It is important to strengthen diabetes management systems to better 

control blood sugar levels through making diabetes medications more available for patients. If these results are 

integrated into guidelines for diabetes management, it can help to improve treatment strategies. Further studies should 

be conducted in order to find out whether high DNA damage is a predictor of complications in the near future. 

 

5. Conclusion 

 

The results of this study indicate that glycemic control is strongly and independently linked with genetic damage 

among Iraqi individuals with T2DM. Poor glucose management is linked with considerable incidence of oxidative 

DNA damage as demonstrated by the results of 8-OHdG and comet test. Thus, this study reveals the significance of 

intensive glycemic control during diabetes care and implies that DNA damage caused by oxidative stress may be the 

key pathogenetic mechanism behind the development of diabetes-related complications as a result of high glucose 

level. The results imply that better diabetes management in Iraq must focus on achievement of the best glucose level 

in order to lower oxidative stress and ensure preservation of the DNA structure. This suggests, therefore, that Iraq 

must reinforce diabetes care system and start using evidence-based protocols in order to improve the situation with 

diabetes. 

 

References 

 

1. International Diabetes Federation. Diabetes Atlas 2021. 9th ed. Brussels: International Diabetes Federation; 2021. 

2. Mokdad AH, Forouzanfar MH, Daoud F, et al. Global burden of diseases, injuries, and risk factors for young 

people's health during 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 

2016;387(10036):2383-2401. 

3. Al-Durra SA, Alamri FS, Al-Dossary NH. Epidemiology of diabetes mellitus in the Middle East and North Africa 

region. Diabetes Res Clin Pract. 2020;162:108100. 

4. American Diabetes Association. Standards of medical care in diabetes—2023. Diabetes Care. 2023;46(Supplement 

1):S1-S295. 

5. DeFronzo RA, Ferrannini E, Groop L, et al. Type 2 diabetes mellitus. Nat Rev Dis Primers. 2015;1:15019. 

6. Newsholme P, Cruzat V, Keane KN, et al. Molecular mechanisms of ROS production and oxidative stress in 

diabetes. Biochem J. 2016;473(15):2169-2190. 

7. Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev Pharmacol Toxicol. 2017;57:313-333. 

8. Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ Res. 2010;107(9):1058-1070. 

9. Baynes JW, Thorpe SR. Role of oxidative stress in diabetic complications: a new perspective on an old paradigm. 

Diabetes. 1999;48(1):1-9. 

10. Evans MD, Dizdaroglu M, Cooke MS. Oxidative DNA damage and disease: induction, repair and significance. 

Mutat Res. 2004;567(1):1-61. 

11. Kasai H. Analysis of a form of oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine (8-OHdG), as a marker of 

cellular oxidative stress during carcinogenesis. Mutat Res. 1997;387(3):147-163. 



 

 

 

 

NIU Journal of Health Sciences 

 

70  

12. Shibutani S, Takeshita M, Grollman AP. Insertion of specific bases during DNA synthesis past the oxidation-

damaged base 8-oxodG. Nature. 1991;349(6308):431-434. 

13. Valavanidis A, Vlachogianni T, Fiotakis C. 8-hydroxy-2'-deoxyguanosine (8-OHdG): a critical biomarker of 

oxidative stress and carcinogenesis. J Environ Sci Health C Environ Carcinog Ecotoxicol Rev. 2009;27(2):120-139. 

14. Ceriello A, Mercuri F, Quagliaro L, et al. Detection of nitrotyrosine in the diabetic rat retina: evidence of oxidative 

stress and dual mechanism for vascular endothelial growth factor formation. Diabetes. 2002;51(4):1025-1033. 

15. Murakami S, Fujita M, Kario K, et al. Serum 8-OHdG is associated with hypertension and diabetes mellitus. 

Hypertens Res. 2007;30(1):22-29. 

16. Collins AR. The comet assay for DNA damage and repair: principles, applications, and limitations. Mol 

Biotechnol. 2004;26(3):249-261. 

17. Hartmann A, Agurell E, Beevers C, et al. Recommendations for conducting the in vivo alkaline comet assay. 

Mutagenesis. 2003;18(1):45-51. 

18. Tice RR, Agurell E, Anderson D, et al. Single cell gel/comet assay: guidelines for in vitro and in vivo genetic 

toxicology testing. Environ Mol Mutagen. 2000;35(3):206-221. 

19. Wu LL, Chiou CC, Chang PY, et al. Urinary 8-OHdG: a marker of oxidative stress to DNA and a risk factor for 

cancer, atherosclerosis and diabetics. Clin Chim Acta. 2004;339(1-2):1-9. 

20. Cosentino F, Eto M, De Paolis P, et al. High glucose causes upregulation of cyclooxygenase-2 and alters prostanoid 

profile in human endothelial cells: role of protein kinase C and reactive oxygen species. Circulation. 

2003;107(7):1017-1023. 

21. Pandya RP, Vaidya M, Khadkikar R, et al. Association of 8-hydroxy-2'-deoxyguanosine (8-OHdG) with glycemic 

control and microvascular complications in type 2 diabetes mellitus. J Diabetes Metab Disord. 2014;13(1):93. 

22. Selvin E, Steffes MW, Ballantyne CM, et al. Racial differences in glycemic markers: a cross-sectional analysis of 

two cohort studies. Ann Intern Med. 2011;154(5):303-309. 

23. Hassan NF, Gunaid AA. Prevalence, risk factors and outcome of type 2 diabetes in a population of Iraq. East 

Mediterr Health J. 2014;20(3):165-173. 

24. Amin JB, Qureshi SA, Siddiqui MA. Diabetes healthcare infrastructure in post-conflict Iraq: current status and 

challenges. Diabetes Res Clin Pract. 2015;109(2):198-207. 

25. Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. Diabetes. 2005;54(6):1615-

1625. 

26. Singh NP, McCoy MT, Tice RR, et al. A simple technique for quantitation of low levels of DNA damage in 

individual cells. Exp Cell Res. 1988;175(1):184-191. 

27. Rosen P, Nawroth PP, King G, et al. The role of oxidative stress in the onset and progression of diabetes and its 

complications: a summary of a Congress Series sponsored by the American Diabetes Association. Diabetes Metab 

Res Rev. 2001;17(3):189-212. 

28. Nishikawa T, Edelstein D, Du XL, et al. Normalizing mitochondrial superoxide production blocks three pathways 

of hyperglycaemic damage. Nature. 2000;404(6779):787-790. 

29. Speit G, Hartmann A. The comet assay (single-cell gel test). A sensitive genotoxicity test for the detection of DNA 

lesions and repair. Methods Mol Biol. 2006;314:275-286. 

30. Al-Lami R, Al-Dulaimi K, Kadhim F. Glycemic control and adherence to diabetes management in Baghdad 

teaching hospitals. Acta Med Iranica. 2013;51(9):589-597. 

31. Chami F, Ble A, Qi L, et al. Association of oxidative stress and microinflammation with premature mortality in 

heart failure. J Am Heart Assoc. 2019;8(13):e012615. 

32. Lindahl T. DNA repair enzymes. Annu Rev Biochem. 1976;45:139-176. 

33. Susztak K, Raff AC, Schiavi M, et al. Glucose-induced reactive oxygen species cause apoptosis of podocytes and 

podocyte depletion at the onset of diabetic nephropathy. Diabetes. 2006;55(1):225-233. 

34. Rubeş J, Čechová V, Šroller D, et al. Genotoxic effects of air pollution on the population of Prague. Mutat Res. 

2005;583(1):69-76. 

35. Mohrenweiser HW, Wilson DM, Jones IM. Challenges and complexities in estimating both the functional impact 

and the disease risk associated with the extensive genetic variation in human DNA repair genes. Mutat Res. 

2003;526(1-2):93-125. 

 


