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ABSTRACT

The incidence of type 2 diabetes mellitus globally increased. Genomic damage
induced by oxidative stress play important role in the pathogenesis of diabetic
complications. The objectives of this research are to determine whether increased
blood glucose level in diabetes patients has been related with elevated levels of
oxidation and DNA damage. Case —control study of (90) (Patients previously
diagnosed with type 2 diabetes and 30 controls (non-diabetic apparently healthy
volunteers) all participants were tested for plasma glycosylated hemoglobin
(HbA1C), the DNA oxidation and genomic instability was performed by quantified
of the level of 8-OHdG in urine samples and micronuclei and binucleated cells in
exfoliated buccal cells respectively. The 8-OHdG contents in urine samples of
diabetic patients were substantially high. However, there were non-significant
differences within groups (P>0.05) The differences between8-OHdG contents in
patients versus the control group were statistically significant (P<0.01) frequency
of binucletied cells positive liner correlation with frequency of micronuclei strong
positive correlation between frequency of micronuclei and HbA1C value. Our
study points that micronuclei assay is a very valuable and noninvasive method
predict genomic instability and its consequences mostly cancer in diabetes
patients. Hence, clinical applications of MN assay may potentially improve the
quality of administration of patients with diabetes and its complications.

INTRODUCTION

Diabetes has become a commune and critical global health
problem with predicated the global prevalence to rise
from 8.3% in 2013 to 10.1% in 2035 (1). Diabetes is a
chronic disease result from either when the pancreas does
not produce enough insulin or when the body cannot
effectively use the insulin it produces. Insulin is a hormone
that controls blood sugar. Hyperglycaemia, or raised blood
sugar, is a common effect of uncontrolled diabetes and
over time cause serious damage to many of the body's
systems, especially the nerves and blood vessels. (2)

In February 2020, the IDF reported that approximately
1,505,000 adult living with diabetes and the prevalence of
diabetes in Iraq increased (7.6%) of adult Prevalence of
diabetes in adults (3) Type 2 diabetes mellitus (T2DM), the
most common subtype of diabetes, includes a complex
heterogeneous group of metabolic diseases described by
high levels of blood glucose (hyperglycaemia) and
imperfect insulin action and/or insulin secretion (4).

DM2 patients recommended to controlling blood sugar
levels through a healthy diet, exercise and medication to
avoid the risk of long-term diabetes complications
However, many diabetic patients with hyperglycemia (2).
The elevate in blood glucose levels even below the
diagnostic threshold for diabetes result in increases
formation of free radicals and lead to diabetes associated
Complications (2,4)

overproduction of ROS and limited work of antioxidant
defense system are important driving factors of oxidative
stress. oxidative stress occurs when the generation of free
radicals exceeds the system’s ability to eliminate and
neutralize them. (5,6)

Free radicals attack important macromolecules in the cells
(DNA, proteins, carbohydrates, and lipids) (7) result in
DNA mutations, protein modifications and lipid
peroxidation Oxidative damages of nucleic acids are the
most dangerous modifications observed among
biomolecules. They can be grouped into oxidation of bases
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and/or sugar fragments, single/double strand breaks (SSB
and DSB, respectively), basic/apurinic/apirimidinic (AP)
sites, cross-linking, translocations and / or deletions of
chromosome. The accumulation of such damages can
result to alteration of genetic information, and
subsequently to mutagenesis and programmed cell death
(8,9). due to the fact that cancer initiation is promoted by
genomic instability All previous mention alterations may
be linked with risk for developing cancer in diabetes
mellitus patients. (10,11,12) although some
Epidemiological studies identify a positive correlation
between diabetes mellitus and increased cancer risk, but
the data is still insufficient regarding mechanism
underlying this association. The objectives of this research
are to determine whether increased blood glucose level in
diabetes patients has been related with elevated levels of
oxidation and DNA damage

Genomic damage was determined using the micronucleus
test in exfoilted buccal mucosa and oxidative stress by
measuring 8-hydroxy-2'-deoxyguanosine (8-OHdG).

MATERIALS AND METHODS

The samples collection and practical work of the present
study extended through the period from December 2019
to April 2020 A total of (90) (Patients previously
diagnosed with type 2 diabetes (39 male and 51 female)
were enrolled from a local diabetes clinic (Baghdad). The
control group included 30 non-diabetic apparently healthy
volunteers (13 male, 17 females. All samples were
obtained after learned consent of the participants earlier
to their inclusion in the study and after the agreement of
the Ethical Committee in College of Science /Department
of Biology. Diabetes-specific things included number of
years since diagnosis, And type of treatment (use of oral
medications or insulin) moreover Age, marital status,
smoking habit, alcohol consumption, diagnostic X rays,
chemical exposure during occupation, family history of
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cancer, medical and residential history. were collected by
questionnaire.

BMI was calculated as weight (W) in kilograms divided by
the square of height (H) in meters (13) with following
formula (kg/m2) and

Collection Samples:

Four to five milliliters of venous blood were withdrawn
from each participant (patients and control) via
venipuncture under sterile conditions, Glycated
hemoglobin were measure by use spineract kit (Spin).
Urine samples were collected from each participant
(patients and controls) using disposable sterile plastic
tubes the samples centrifuged at 1000 rpm for 10 m.
Supernatant taken and stored in sterile coded tubes at -20
until analysis. The 8-OHdG concentrations in urine were
analyzed by use of 8-OHdG (8- Hydroxydeoxyguanosine)
ELISA Kit (Catalogue: MBS764814; mybiosource.com).
Exfoliated cells of the human buccal mucosa for the Buccal
Micronucleus Cytome (BMCyt) assay were collected from
all participant (patients and control) according to
According to criteria described by Tolbert et al. (14), Sarto
et al. (15) and Thomas et al. (16) Exfoliated buccal cells
were screened under a total magnification of x1000 using
a light microscope (Kruss, Germin).

Statistical analyses. Statistical analyses were done with
SPSS (Version 20). The one-way analysis of variance
(ANOVA) test was used for to compare the means of
various groups with each other. Pearson’s correlation was
used for correlation analyses. Significance was accepted at
p<0.05.

RESULTS AND DISCUSSION
To the best of our knowledge, the present study is the first
study exploring association between genomic instability
by micronuclei assay in diabetic patients in our country.
Table (1) below illustrates the some of the main
characteristics of the study participants. According to
HbA1lc-levels the patients divided into three groups A (5-
7%), B (7.1-9%) and C (=9%).

There were no significant differences within all groups
(A, Band C) regard age the mean age of patients was (46.41
+13.88,51.03+12.69 and 47.83+12.78) for all groups (A, B,
and C) respectively. While they're highly significant
difference between control and patients respect to age as
shown in table (1). All diabetic patients were well matched
for age the range of age of the sample was (18-79 years).
According to previous reports middle-aged and older
adults are still at the highest risk for developing type 2
diabetes. However, between 2011 -2012, about 23 % of
new diabetes diagnoses in children were type 2 diabetes
other study report that 5,300 subjects from ages 10 to 19
were diagnosed with type 2 diabetes. According to earlier
reports, individuals under the age of 20 who had type 2
diabetes had an increasing number by up to 49 % by 2050
as a result of the spread of fast-food and more sedentary
lifestyles (17,18). Previous studies report that early onset
type 2 diabetes was more aggressive when compare with
late-onset disease., Zou et al. Suggest that an age at type 2
diabetes onset less than 45 years was linked with a
multiplied inherent susceptibility to diabetic retinopathy
(19).

Table 1: Characteristics of all study samples stratified by level of HbA1lc.

Type of Group A Group B Group C Control P value
character N=22 N=40 N=28 N=30 Between patient
HbA1c% 5-7 HbA1c% HbA1c% groups and
7.1-9 <9.1 controls
Age mean+SD 46.41+13.88 51.03+12.96 47.83+12.78 32.93+7.02 0.02
Gender:
male (N.) 10 14 13 13 NS
female (N.) 12 26 15 17 0.01
BMI 32.19 31.24 29.85 27.52 0.05
Smoker (N) 5 8 6 3 Ns
Nonsmoker (N) 17 32 22 27 0.05
Diabetic duration | 7.18 7.25 5.55
(years)
Drugs:
Insulin 3 5 6 NS
Other 16 34 22 0.001
Non 3 1 0 NS
Occupation:
Housewife 8 24 14 6 0.01
Student 3 3 4 12 0.01
Retired 1 1 3 0 Ns
Employees 1 1 1 9 0.01
other 11 11 6 3 0.01

More females were represented in the current study, the
difference within groups regarding the number of females
in each group was statistically significant (P< 0.001).

The number of females in patient groups is (12, 26, 15) for
(A, B and C) respectively. Since the number of the female
more than the number of males in patients’ groups as well
as in control group, when divided the participants
according the occupations most the participants list within
housewife group there are significant difference within
patients’ groups based on the occupation as well as there
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are highly significant differences between the control and
patients’ groups. The female is easier engaging to
participate in this study, hence the number of females in
patient groups as well as in the control nearly more than
male, another explanation of high percentage of females in
the current study may be result from the nature of
individuals, admitting to this clinic in that more of them
seek medical attention than men under favour of owning
more free time since most of them were housewives.
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Out of the 90 patients, 19 patients were smoker, while 71
patients were nonsmoker. The difference within groups
regarding the number of nonsmokers was statistically
significant (P< 0.001) also the Chi-square test show a
significant difference between control and patients
regarding the number of nonsmoker individuals (P< 0.05).
The mean duration of the diabetes for three groups were
(7.18; 7.25; 5.55 years) for (A, B and C) groups,
respectively, with a range (1-26 years) there is a
significant difference within groups regarding duration of
diabetes (P<0.05). The majority of patients (16, 34, 22 for
groups A, B and C, respectively) were using oral
antidiabetic agents for glycemic control, while 2and 1
patients within groups A and B don’t use diabetes
medications.

The results show that all patient groups have higher BMI,
the Chi-square test show no significant difference within
groups of patients, according to the BMI, (the mean of BMI
of patient groups (A, B and C) were 32.19+ 1.68; 31. 24+0.
39; 29. 85%1. 1. 08; respectively. While there was a
significant difference (P< 0.05) between control and
patient groups based on mean on BMI.

The current result is conceded with previous studies
reveled that high BMI associated with hyperglycemia in
DM2 patients (20,21,22). A body mass index more than 30
kg/m 2 is reflected to be the central formal criterion for
the description of obesity. World Health Organization
subdivided obesity into three classes based on the severity
of excessive body fat. The BMI range of (25 - 29.9 kg/m 2)
is the category of overweight or pre - obesity. In Western
countries, 30 - 50% of the population fall into the category
of overweight (23). Obesity is the most potent risk factor
for type 2 diabetes, according to the prospective Nurses’
Health Study, the risk of diabetes in woman with a BMI of
(23.0-24.9 kg/m2) was four to five -fold higher compared
with woman have normal BMI range. Nearly most of newly
diagnosed women with T2DM were obese at the time of
diagnosis (24,25). Similar results were reported for males
in the Health Professionals’ Study (26). Furthermore,

changes in body weight also anticipated the risk of
diabetes. Recent analysis of the EPIC Potsdam cohort
demonstrates that a weight gain of one BMI unit between
the age of 25 and 40 years amplified the relative risk of
T2DM by 25% also had a higher effect than the identical
weight gain between 40 and 55 years of age (27). It is also
important to note that the duration of obesity has a strong
impact on the risk of developing T2DM (28).

HbA1lc proportion providing average blood glucose levels
over (8-12 weeks) and consider useful long-term gauge of
blood glucose control. In fact, the blood glucose level in
diabetic patient’s dependent on the severity and duration
of disease and successful treatment (2,4). For that reason,
the study sample classifies to three groups according to
level of HbA1C to examine the significance of
hyperclasemia in the rise of genomic damage in diabetic
patients with type 2.

Genotoxic and cytotoxic biomarkers
diabetes patients’ groups and control

All individuals in the study sample (patients and healthy
control) were with a positive expression of the MN as well
as BN in exfoliated buccal cells in different numbers.
Micronucleus frequencies in the epithelial cells of the
patients were significantly higher than in the control
group (P<0.001). The mean value of the MN * SD of patient
groups were (19.05 + 8.39; 17.98+11.37,27.90+11.78) for
groups A, B and Crespectively while the MN * SD of control
group was (10.33 + 4.49). Also, there were a significant
difference within groups (A, B and C) regarding the
frequencies of MN (P< 0.01) (figure 1). With respect of
frequencies of binucleated cells the mean value of BN + SD
for patient groups were (3.14+ 0.83; 3.18 + 1.57; 3.90
+1.23) for groups A, B and C, respectively, however there
were no significant differences within groups, this result is
significant at the P = 0.05 level when compare with
frequency of BN cells in control group (4.67+4.23) (figure
2).
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Figure 1: The frequencies of micronuclei in exfoliated buccal cells of all studied subjects. All value is given mean #S. D per
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Figure 2: The frequencies of binucleated cells in exfoliated buccal cells of studied subjects. All value is given mean #S. D per

group.

12

10

8-OHdG ng/ml

group A

T
I T I T I T

group B

group C Control

Figure 3: The mean and S.D. of 8-OHdG among all study samples stratified by level of HbA1lc.

The 8-OHdG contents in urine samples of diabetic patients
were substantially higher. However, there were non-
significant differences within groups (P>0.05). The
differences between 8-OHdG contents in patients versus
the control group were statistically significant (P<0.01)
the mean value of the 8-OHdG * SD of patient groups were
(8.99+1.56.58; 8.78+ 1.38; 8.24+1.00) for A, B, and C
groups respectively (figure 3).

The results of a current study reflect that there is strong
correlation between genomic damage and glucose control
in DM2 patients. One of the more significant findings to
emerge from the present study is that higher frequencies
of MN in buccal cells as well as an increased proportion of
8-OHdG of nearly all DM2 patients as matched to controls.
Hyperglycaemia in DM2 has been linked with a rise risk of
DNA damage result from the reduce of the DNA repair
system and the increase of oxidative stress parameters
(22,29). The current result is supported by previous
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studies demonstrate that the urinary 8-OH-dG levels in
T2DM patients or model animals were significantly
greater than those in a non-diabetic group (30,31).
Previous studies have identified induced oxidative stress
in T2DM patients, via decrease antioxidant biomarkers
and increase oxidative steers biomarker furthermore,
strong linear association where detect between the level
of HbA1lc and oxidative markers (32,33,34,35,36). When
analyses the correlation between studied parameters (age,
BMI, HbAlc, 8-OHdG, MN, BN, diabetic duration) in all
samples (N=90), positive correlation between BMI and
diabetic duration (r=0.211* P=0.046 (Figure 4). Moreover,
positive correlation between frequency of MN and level of
HbAlc (r= 0.317, P= 0.002) (Figure 5). The positive liner
correlation was found between frequency of MN and BN
(r=0.248* P=0.018) (Figure 6)

Hence, it could conceivably be hypothesized that longer
diabetes duration; treatments and severity of
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hyperglycaemia, result in elevation of genomic instability
which expressed in the current study as increases in
concentration of urine (8-OHdG) and score of MN in buccal
cells. This finding, more conform when analyze correlation
in all diabetic patients (n=90) the frequency of binucletied
cells positive strong positive correlation between
frequency of MN and HbAlc all these results provide
answer for the main research question addressed in this
paper (whether or not hyperclasemia rise genomic
damage in T2DM patients. This finding supports previous
research into this brain area which links genomic
instabilities and high level of HbAlc. Previous studies
showed that T2DM patients have lower DNA repair
capacity compared with healthy controls (37,38).
Moreover, another researcher reported that enhanced
expression of DNA repair gene in T2DM with higher HbA1c
compared to T2DM with lower HbAlc. The researcher
suggests that induce expression of DNA repair genes is a
compensatory mechanism towards higher genomic
damage in their high-HbA1c group (39,40).

Grinder et al. (41) reported that the total of MN was
significantly amplified in DM2 patients compared to
healthy controls. Additionally, it was doubled in DM2
patients with HbAlc more than 7.5% compared to those
with lower HbA1c value (less than 7.5%). Singh et al. (42)
and Miillner et al. (43) stated that the levels of buccal MN
in diabetic people are approximately two -fold higher than
in nondiabetic participants. One possible expected
mechanism of formation of binucleated (BN) cells is due to
a failure in cytokinesis during cell division (44).
Significant positive correlations between binucleted and
MN in all participants confirm that higher cytotoxic and
genomic damage in diabetic patients. Although the
number of bincleated cells in control group more than
patient groups. This finding was unexpected and suggests
that control individuals have an efficient genomic repair
system that led to suppress division and multiply of cells

that contain abnormal chromosomal aberration.
Cytokinesis is the last stage of cell division at this stage the
two daughter cells completely. Separately, the malfunction
of this process has been proposed to promote
carcinogenesis by driving to tetrapliody, aneuploid cells
can result from unbalanced tetraploid intermediates. Cells
have many protective mechanisms that prevent
multiplying and survival of cells contain many
chromosomal rearrangements for example the AuRORA B-
controlled checkpoint that prevents cytokinesis via
prevents furrow regression in cells with irregular
chromosomal segregation (45,46). Buccal cells have been
shown to have imperfect DNA repair capacity result in
increased rates of genomic instability. Increased
frequency of MN in exfoliated buccal cells of cancer
patients may reveal an amplified susceptibility of those to
genomic instability. This hypothesis was strongly
confirmed through a case-control study nested in a large
European cohort, which followed up healthy individuals
surveyed with cytogenetic tests for cancer incidence (47).
Findings from this survey study indicated that the higher
incidence of chromosomal damage detected in subjects
who develop cancer later was largely owing to a higher
subject's susceptibility rather than to the exposure to
carcinogen (48). A meta-analysis review done by Khlifi et
al. (49) stated the clinical applications of the MN assay in
exfoliated buccal mucosa cells in patients with, head-and-
neck, oral, breast, bladder, and other cancers.

CONCLUSION

The present study pointed that micronuclei assay is a very
valuable and noninvasive method predict genomic
instability and its consequences mostly cancer in diabetes
patients. Hence, clinical applications of the MN assay may
potentially improve the quality of administration of
patients with diabetes and its complications.
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Figure 4: Correlation between BMI and diabetic duration in all diabetes patients (N=90).

602

Systematic Reviews in Pharmacy

Vol 12, Issue 1, January 2021



Muzher et al. /Association between Glycated Hemoglobin Alc Levels with Genomic Instability in Type 2 Diabetes Mellitus

Patients

R2 Linear = 0.100)

14.00]
o
= o o o
12.00 o
ke o
10.00]
o
-
<L
=]
I
5.00
5.00
4.00
T T T T T T T
00 10.00 20.00 30.00 40.00 50.00 60.00
M.N

Figure 5: Correlation between MN and HbA1c in all diabetes patients (N=90).

R? Linear = 0.062

603

Figure 6: Correlation between BN and MN in all diabetes patients (N=90).

Systematic Reviews in Pharmacy

Vol 12, Issue 1, January 2021



Muzher et al. /Association between Glycated Hemoglobin Alc Levels with Genomic Instability in Type 2 Diabetes Mellitus

Patients

REFERENCES

1.

2.
3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

604

World Health Organization (2020) Country and
regional data on diabetes. WorldHealth

Organization, Geneva.

Holt, R. I, Cockram, C., Flyvbjerg, A., & Goldstein, B. ].
(Eds.). (2017). Textbook of diabetes. John Wiley &
Sons.

International Diabetes Federation. IDF Diabetes Atlas,
9th edn.Brussels, Belgium: 2019. Available
at: https://www.diabetesatlas.org

Holt, T., & Kumar, S. (2015). ABC of Diabetes. John
Wiley & Sons.p115

Valko, M., Leibfritz, D., Monco], ]., Cronin, M. T., Mazur,
M., & Telser, ]. (2007). Free radicals and antioxidants
in normal physiological functions and human
disease. The international journal of biochemistry &
cell biology, 39 (1), 44-84.

Bickers, D. R. and Athar, M. (2006) ‘Oxidative stress in
the pathogenesis of skin disease’, Journal of
Investigative Dermatology. Elsevier, 126 (12), pp.
2565-2575.

McCord, J. M. (2000) ‘The evolution of free radicals
and oxidative stress’, The American journal of
medicine. Elsevier, 108 (8), pp. 652-659.

Marrocco, I, Altieri, F. and Peluso, 1. (2017)
‘Measurement and clinical significance of biomarkers
of oxidative stress in humans’, Oxidative medicine and
cellular longevity. Hindawi,

Ba, X. and Boldogh, 1. (2018) ‘8-Oxoguanine DNA
glycosylase 1: beyond repair of the oxidatively
modified base lesions’, Redox biology. Elsevier, 14, pp.
669-678.

De Beer, ]J. C. & Liebenberg, L. Does cancer risk
increase with HbA (1c), independent of diabetes? Br.
J. Cancer 110, 2361-2368, doi: 10.1038/bjc.2014.150
(2014).

Castillo, J. ], Mull, N., Reagan, J. L., Nemr, S. & Mitri, .
Increased incidence of non-Hodgkin lymphoma,
leukemia, and myeloma in patients with diabetes
mellitus type 2: a meta-analysis of observational
studies. Blood 119, 4845-4850, doi: 10.1182/ blood-
2011-06-362830 (2012).

Gong, Y. H., Wei, B.],, Yu, L. & Pan, W.]. Type 2 diabetes
mellitus and risk of oral cancer and precancerous
lesions: A meta-analysis of observational studies. Oral
Oncol. 51, 332-340, doi:
10.1016/j.oraloncology.2015.01.003 (2015).

World Health Organization. Definition, Diagnosis and
Classification of Diabetes Mellitus and its
Complications: Report of a WHO Consultation. World
Health Organization, Geneva, (2019).

Tolbert PE, Shy CM, Allen JW. Micronuclei and other
nuclear anomalies in buccal smears: Methods
development. Mutat Res. 1992; 271:69-77.

Sarto F, Finotto S, Giacomelli L, Mazzotti D, Toraanin
R, Levis AG. The micronucleus assay in exfoliated cells
of the human buccal mucosa. Mutagenesis. 1987;
2:117.

Thomas P, Holland N, Bolognesi C, Kirsch-Volders M,
Bonassi S, Zeiger E, et al. Buccal micronucleus cytome
assay. Nat Protoc. 2009; 4:825-37.

World Health Organization. (2016). Global report on
diabetes. Geneva: World Health Organization.

Kahn, S. E., Cooper, M. E.,, & Del Prato, S. (2014).
Pathophysiology and treatment of type 2 diabetes:
perspectives on the past, present, and future. The
Lancet, 383 (9922), 1068-1083

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Systematic Reviews in Pharmacy

Zou, W,, Ni, L., Lu, Q,, Zou, C., Zhao, M,, Xu, X, .. &
Zheng, Z. (2016). Diabetes onset at 31-45 years of age
is associated with an increased risk of diabetic
retinopathy in type 2 diabetes. Scientific reports, 6,
38113

Hsu, W. C,, Okeke, E., Cheung, S., Keenan, H., Tsui, T,
Cheng, K, & King, G. L. (2011). A cross-sectional
characterization of insulin resistance by phenotype
and insulin clamp in East Asian Americans with type
1 and type 2 diabetes. PloS one, 6 (12), 28311
Agrawal, N., Agrawal, M. K,, Kumari, T., & Kumar, S.
(2017). Correlation between body mass index and
blood glucose levels in Jharkhand
population. IJCMR, 4 (8), 1633-6.

Suba, Z., & Ujpal, M. (2006). Correlations of insulin
resistance and neoplasms. Magyar onkologia, 50 (2),
127-135

Patterson, E., Warnberg, ]., Kearney, J., & Sjostrom, M.
(2009). The tracking of dietary intakes of children and
adolescents in Sweden over six years: the European
Youth Heart Study. International Journal of Behavioral
Nutrition and Physical Activity, 6 (1), 91.

UK Prospective Diabetes Study Group. (1995).
Overview of 6 years’ therapy of type II diabetes: a
progressive disease. UK Prospective Diabetes Study
16. Diabetes, 44, 1249-1258.

Tobias, D. K. (2018). Prediction and prevention of
type 2 diabetes in women with a history of GDM.
Current diabetes reports, 18 (10), 78.

Turner, R. C,, Cull, C. A, Frighi, V., & Holman, R. R.
(1999). For the UK prospective diabetes study group.
Glycemic control with diet, sulfonylurea, metformin,
or insulin in patients with type 2 diabetes mellitus;
progressive requirement for multiple therapies.
(UKPDS49).

Nathan, D. M,, Buse, J. B., Davidson, M. B., Ferrannini,
E., Holman, R. R, Sherwin, R,, & Zinman, B. (2009).
Medical management of hyperglycemia in type 2
diabetes: a consensus algorithm for the initiation and
adjustment of therapy: a consensus statement of the
American Diabetes Association and the European
Association for the Study of Diabetes. Diabetes care,
32 (1),193-203.

Ling, C, & Ronn, T. (2019). Epigenetics in human
obesity and type 2 diabetes. Cell metabolism, 29 (5),
1028-1044.

Palazzo, R. P., Bagatini, P. B,, Schefer, P. B,, Andrade, F.
M. D, & Maluf, S. W. (2012). Genomic instability in
patients with type 2 diabetes mellitus on
hemodialysis. Revista Brasileira de Hematologia e
Hemoterapia, 34 (1), 31-35.

Lazalde-Ramos, B. P, Zamora-Perez, A. L., Sosa-
Macias, M., Guerrero-Velazquez, C., &amp; Zufiga-
Gonzalez, G. M. (2012). DNA and oxidative damages
decrease after ingestion of folic acid in patients with
type 2 diabetes. Archives of medical research, 43 (6),
476-481.

Kawai, K., Kasai, H., Li, Y. S., Kawasaki, Y., Watanabe,
S., Ohta, M,, ... & Yamato, H. (2018). Measurement of 8-
hydroxyguanine as an oxidative stress biomarker in
saliva by HPLC-ECD. Genes and Environment, 40 (1),
5.

Njajou, O. T., Kanaya, A. M., Holvoet, P., Connelly, S,,
Strotmeyer, E. S,. Harris, T. B,, ... &amp; Hsueh, W. C.
(2009). Association between oxidized LDL, obesity
and type 2 diabetes in a population-based cohort, the
Health, Aging and Body Composition

Vol 12, Issue 1, January 2021


https://www.diabetesatlas.org/

Muzher et al. /Association between Glycated Hemoglobin Alc Levels with Genomic Instability in Type 2 Diabetes Mellitus

Patients

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

605

Study. Diabetes/metabolism research and
reviews, 25 (8), 733-739.

Ha, C. Y, Kim, ]. Y, Paik, J. K, Kim, 0. Y., Paik, Y. H,, Lee,
E. ], & Lee, ]. H. (2012). The association of specific
metabolites of lipid metabolism with markers of
oxidative stress, inflammation and arterial stiffness in
men with newly diagnosed type 2 diabetes. Clinical
endocrinology, 76 (5), 674-682.

Aouacheri, 0, Saka, S, Krim, M. Messaadia, A, &
Maidi, I. (2015). The investigation of the oxidative
stress-related parameters in type 2 diabetes mellitus.
Canadian journal of diabetes, 39 (1), 44-49.

Bondor, C. 1., Potra, A. R, Moldovan, D., Rusu, C. C., Pop,
M. C, Muresan, A, .. & Kacso, I. M. (2015).
Relationship of adiponectin to markers of oxidative
stress in type 2 diabetic patients: influence of
incipient  diabetes-associated kidney disease.
International urology and nephrology, 47 (7), 1173-
1180.

Marin, M. T., Dasari, P. S., Tryggestad, |. B., Aston, C. E,,
Teague, A. M., & Short, K. R. (2015). Oxidized HDL and
LDL in adolescents with type 2 diabetes compared to
normal weight and obese peers. Journal of Diabetes
and its Complications, 29 (5), 679-685.

Merecz, A., Markiewicz, L., Sliwinska, A., Kosmalski,
M., KasznicKi, ], DrzewoskKi, ]., & Majsterek, 1. (2015).
Analysis of oxidative DNA damage and its repair in
Polish patients with diabetes mellitus type 2: Role in
pathogenesis of diabetic neuropathy. Advances in
medical sciences, 60 (2), 220-230.

Manoel-Caetano, F. S., Xavier, D. ], Evangelista, A. F,,
Takahashi, P., Collares, C. V., Puthier, D., & Sakamoto-
Hojo, E. T. (2012). Gene expression profiles displayed
by peripheral blood mononuclear cells from patients
with type 2 diabetes mellitus focusing on biological
processes implicated on the pathogenesis of the
disease. Gene, 511 (2), 151-160.

39-Xavier, D. ]., Takahashi, P., Evangelista, A. F., Foss-
Freitas, M. C,, Foss, M. C., Donadi, E. A., & Sakamoto-
Hojo, E. T. (2015). Assessment of DNA damage and
mRNA/miRNA transcriptional expression profiles in
hyperglycemic versus non-hyperglycemic patients
with  type 2 diabetes mellitus. Mutation
Research/Fundamental and Molecular Mechanisms
of Mutagenesis, 776, 98-110.

Grindel, A, Guggenberger, B. Eichberger, L.,
Poppelmeyer, C., Gschaider, M. Tosevska, A. &
Wagner, K. H. (2016). Oxidative stress, DNA damage
and DNA repair in female patients with diabetes
mellitus type 2. PloS one, 11 (9), e0162082.

Grindel, A, Brath, H.,, Nersesyan, A,, Knasmueller, S., &
Wagner, K. H. (2017). Association of genomic
instability with HbAlc levels and medication in
diabetic patients. Scientific reports, 7 (1), 1-9.

Singh, R, Teel, C., Sabus, C., McGinnis, P., & Kluding, P.
(2016). Fatigue in type 2 diabetes: impact on quality
of life and predictors. PLoS One, 11 (11), e0165652.
Millner, E. Brath, H., Nersesyan, A., Nitz, M,
Petschnig, A., Wallner, M,, ... & Wagner, K. H. (2014).
Nuclear anomalies in exfoliated buccal cells in healthy
and diabetic individuals and the impact of a dietary
intervention. Mutagenesis, 29 (1), 1-6.

Bonassi, S., & Fenech, M. (2019). Micronuclei and their
association with infertility, pregnancy complications,
developmental defects, anaemias, inflammation,
diabetes, chronic kidney disease, obesity,
cardiovascular disease, neurodegenerative diseases

Systematic Reviews in Pharmacy

46.

47.

48.

49.

50.

and cancer. In the Micronucleus Assay in Toxicology
(pp- 38-78).

Mark Gustafson, L., Gleich, L. L., Fukasawa, K,
Chadwell, ], Ann Miller, M., Stambrook, P. ], &
Gluckman, J. L. (2000). Centrosome
hyperamplification in head and neck squamous cell
carcinoma: a potential phenotypic marker of tumor
aggressiveness. The Laryngoscope, 110 (11), 1798-
1801.

Sagona, A. P., & Stenmark, H. (2010). Cytokinesis and
cancer. FEBS letters, 584 (12), 2652-2661.
Watanabe, N. Kanegane, H., Kinuya, S. Shuke, N,
Yokoyama, K., Kato, H., .. & Seto, H. (2004). The
radiotoxicity of 1311 therapy of thyroid cancer:
assessment by micronucleus assay of B lymphocytes.
Journal of Nuclear Medicine, 45 (4), 608-611.
Bonassi, S., Hagmar, L., Stromberg, U., Montagud, A. H,,
Tinnerberg, H., Forni, A, .. & Knudsen, L. E. (2000).
Chromosomal aberrations in lymphocytes predict
human cancer independently of exposure to
carcinogens. Cancer Research, 60 (6), 1619-1625.
Khlifi, R,, Trabelsi-Ksibi, F., Chakroun, A, Rebai, A., &
Hamza-Chaffai, A. (2013). Cytogenetic abnormality in
exfoliated cells of buccal mucosa in head and neck
cancer patients in the Tunisian population: impact of
different exposure sources. BioMed research
international, 2013.

Vol 12, Issue 1, January 2021



