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ABSTRACT

Introduction: DNA damage has been associated with the
progression of diabetes and deficiency of vitamin D that leads
to increase DNA damage. The possible modulation of this
damage by vitamin D supplementation is not well reported in
Type 2 Diabetes Mellitus (T2DM) patients.

Aim: To assess the extent of DNA damage in T2DM patients
and to ascertain its association with serum 25-hydroxyvitamin
D levels.

Materials and Methods: The study was conducted at Duhok
Diabetes Center, Duhok, Kurdistan Region (Irag). This study
consisted of 2 inter-related parts: the first part was a cross-
sectional study conducted on patients with type 2 diabetes
(n=204) and healthy individuals (n=154). The second part was a
quasi-interventional study that enrolled 25 patients with type 2
diabetesand 19healthyindividuals. Thedemographic parameters
including age, gender and BMI| was recorded and DNA damage
marker through serum 8-Hydroxy Guanosine (8-OHdG) levels,
and Vitamin D status of serum 25-hydroxyvitamin D {25(0OH) D}
was measured. Descriptive statistics were adapted to present
data in means+SD. Independent t-test and un-paired student
t-test were used to assess differences in serum analyte among
groups for continuous data. Categorical data was assessed
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INTRODUCTION

Vitamin D deficiency and insufficiency appears to be an important
public health concern throughout the world [1]. Vitamin D deficiency
is a global pandemic with over one billion people (25-50% of the
human population) affected in all age groups and both genders [2,3].
Furthermore, vitamin D deficiency has been found to be a potential
contributing cause for non-musculoskeletal chronic diseases such
as cardiovascular diseases, cancer and diabetes mellitus [4,5].
Sufficient levels of the main circulating form of vitamin D, 25(OH)D is
associated with substantially lower incidence rates of various type
of cancers [6].

An adequate level of vitamin D is also beneficial in maintaining DNA
integrity, whereas vitamin D deficiency may increase DNA damage
[7]. Given this existing data, it is reasonable to hypothesise that
low vitamin D status in healthy population may predispose them to
diabetes and may increase DNA damage. Reports on this issue are
limited and the association with DNA damage has not established in
both healthy population and patients with diabetes mellitus. Thus,
the main objectives of this study was to investigate the association
between vitamin D and DNA damage in health and disease state
(i.e., Diabetes mellitus), among subjects from Kurdistan Region.

MATERIALS AND METHODS

The study was conducted in Duhok Diabetes Center, Duhok, Kurdistan
Region, Iragbetween September 2016 and March 2018. The study
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by using g-square test for association between two groups,
and one-way ANOVA test for association among more than
two groups. Level of statistical significance (p-value) was set
at <0.05.

Results: In the study population, 52 (25%) T2DM patients and
12 (7.8%) healthy individuals had vitamin D deficiency {25(0OH)
D<10 ng/mL}. The mean serum 8-OHdG levels were significantly
elevated in diabetic patients as compared to healthy individuals,
(p<0.01). Based on the 8-OHd G cut-off point (<4.0 ng/mL),
178 (84.8%) of T2DM patients had DNA damage as compared
to 44 (28.5%) healthy individuals. In the diabetic group, 8-OHdG
inversely correlated with 25(OH)D (r=-0.22, p=0.01), after
3 months of vitamin D supplementation, with 47.7% increased
25(0OH)D levels (p=<0.01); the mean values for 8-OHdG levels
decreased by 13.7% (p=0.13). In the healthy individuals, 57.3%
showed increased 25 (OH)D levels (p=<0.01); the mean values
of 8-OHdG are decreased by 2.6% (p=0.36).

Conclusion: The high prevalence of DNA damage observed
in the studied population, particularly type 2 diabetic patients
appear to be associated with vitamin D insufficiency and
deficiency. Vitamin D supplementation may be an effective
public heath intervention to reduce DNA damage and prevent
acquired genetic disease.

: 8-Hydroxy-2-Deoxyguanosine, 25 hydroxyvitamin D, Oxidative stress

protocol was approved by scientific and medical ethics committee
of the Duhok Collage of Medicine and Duhok Directory General of
Health (References number: 07062016-4). Informed consent was
obtained from all participants before commencement of study.

Study Population

The first part was a cross-sectional study carried out on 358
individuals aged 24-75 years living in Duhok Governorate,
Kurdistan Region (Irag). DNA damage of these participants was
measured. Among these, 204 were type 2 diabetes patients, who
consulted the diabetes center in Duhok for diabetes management,
and 154 apparently healthy individuals were selected from the
friends, relatives and workers of Azadi General Teaching Hospital
in Duhok city. Selection of cases and healthy controls was carried
out by using a systematic random sampling technique. The sample
size for this study was calculated with 90% power, at a 5% level of
statistical significance.

The second part was a quasi-interventional study;consisted of
65 (aged 28-65 years) subjects previously diagnosed to have low
vitamin D status. Of these 44 completed the study till the last visit
(25 patients with type 2 diabetes and 19 healthy individuals). Baseline
and 3 months of vitamin D supplementation data were obtained.

Data Collection
A pre-tested questionnaire was designed to obtain information on
gender, age (recorded to the nearest year), and weight (recorded
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to the nearest kilogram using a usual non-electronic scale
(detectoscale), height (recorded to the nearest centimeter using the
same scale), BMI was calculated for each subject. Exclusion criteria
were cardiovascular, rheumatoid, renal and hepatic diseases, history
of malignancy, recent infections, smoking, alcoholic and pregnancy.

Collection of Blood Samples

Participants were instructed to visit the laboratory at Department
of Clinical Biochemistry, after overnight fasting for 12-14 hours
and avoiding heavy physical activity for more than 2 hours before
the examinations. Blood samples were collected between 9:00-
11:30 am. About 10 mL of blood were withdrawn by venipuncture,
using vacutainer from the antecubital vein and collected in BD
Vacutainer System CAT- plain tubes The sera were separated
by centrifugation using a HITACHI centrifuge (model O5P-21)
at 5000 rpm for 10 minutes at room temperature and collected
into two tubes, one processed immediately for measuring serum
25(OH)D by chemiluminescent emission using clinical chemistry
analyserCobas 6000 Roche (open, automated, discrete and random
access) which employs Vitamin D Binding Protein (VDBP) to capture
both 25-hydroxyvitamin D3 and D2. This assay was intended for the
quantitative determination of total vitamin D (25-OH) in human serum
and plasma, and aided in the assessment of vitamin D sufficiency.
The portion of liquid sera were stored at -80°C for further analysis
of 8-OHdG. Measurement of 8-OHdG was done using ELISA
technique (Elabsciencecata/log number E-EL-0028, USA).

Intervention Study (Vitamin D supplementation) Protocol
The effect of vitamin D supplementation on DNA damage was
examined in patients with type 2 diabetes and healthy individuals
with low vitamin D status 25(0OH)D <20 ng/mL and high DNA
damage (8-OHdAG >4.0 ng/mL). The relative response of serum
25(0OH)D was examined in 44 participants (25 patients with type
2 diabetes and 19 healthy individuals) who completed 90-day
of vitamin D supplementation. All participants were instructed to
takeone tablet a day of 5000 IU of Vitamin D, [8,9]. The formula
of vitamin D used was cholecalciferol from Green Field Nutrition
Company (USA). About 5 mL blood samples were collected on
their first visit and after 5-days post 3-months supplementation for
determination of serum 8-OHdG and 25(0OH)D levels.

Assessments of Studied Parameters

For proper interpretation of the results, assessment of DNA damage
(8-OHJG) levels was based on a cutoff point of 4.0 ng/mL. Less
than 4.0 was considered mild to moderate DNA damage, and
>4.0 ng/mL was severe DNA damage. Assessment of Vitamin D
status was done according to the pre-documented criteria, where
severe deficiency was defined as <10 ng/mL, insufficiency 10-
29.9 ng, sufficiency 30-150 ng/mL, and toxic >150 ng/mL [10]. The
height and weight were recorded for each subject and the BMI was
calculated by dividing body weight in kilograms by the square of
height in meters. Body Mass Index (BMI) classification was done
according to previously reported by Deore DN et al., [11].

STATISTICAL ANALYSIS

All data were analysed using the Statistical Package for Social
Science SPSS version 22.0 computer software. Descriptive
statistics were adapted to present data in means+SD. Independent
t-test and un-paired student t-test were used to assess differences
in serum analyte among groups for continues data.

Significance of association between variousrisk factors for categorical
data was assessed by using Chi-square test for association between
two groups and one-way ANOVA test for association among more
than two groups. The statistical significance, direction and strength
of linear correlation between 2 quantitative variables were measured
by using Pearson’s correlation coefficient test. Level of statistical
significance (p-value) was set at <0.05.
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RESULTS

The demographic and laboratory characteristics of the studied
subjects are summarised in [Table/Fig-1]. The age, sex distribution
and body mass index for both the patients and healthy individuals
were nearly similar. The mean+SD of serum 8-OHdG of patients and
healthy individuals was 6.04+2.73 and 3.59+2.96 ng/mL, (p<0.01).
The mean+SD of serum 25(0OH)D in patients was 19.97+15.10 and
in healthy individuals was 23.20+13.10 (p=0.04). The mean+SD
of serum 8-OHJG levels was higher among vitamin D deficiency
and insufficiency patient groups compared to vitamin D sufficiency
group (6.24+3.0, 6.20+2.76 and 5.10+£2.1, p=0.06 respectively).
A statistically significant difference was found among healthy
individuals sub-groups (5.5+3.7, 3.6+3.1 and 2.8+1.5, p=0.02,
respectively) [Table/Fig-2].

. T2DM Patients Healthy individuals p-value
(n=204) Mean+SD (n=154) Mean+SD

Age (years) 52.9+8.5 48.0+8.5 0.07

Male sex {n (%)} 73(35.8) 59 (38.9) 0.55

BMI (Kg/m?) 31.36+4.5 29.4+6.4 0.05

8-OHdG (ng/mL) 6.04+2.7 3.59+2.9 <0.01*

25(OH)D (ng/mL) 19.97+15.1 23.2+13.1 0.04*

[Table/Fig-1]: Demographic and laboratory characteristics of participants under
studly.

8-OHdG:8-hydroxy-2-deoxy guanosine; 25 hydroxyvitamin D; BMI: Body mass index; Results are
mean+SD; Independent t-test; *Level of significance <0.05

\zlg(aorm)nDD(:;/a;:jLs) n Mean+SD | Low-level | High-level | p-value
Patients

Deficiency (<10) 526.24+3.0 0.1 14.9

Insufficiency (>10-<30) | 112 6.20+2.7 0.1 18.0 0.06
Sufficiencient (>30) 405.10+2.1 0.1 11.0

Healthy individuals

Deficiency (<10) 12 5.50+3.7 2.0 11.0 0.02*
Insufficiency (>10-<30) | 106 3.60+3.1 0.1 13.9
Sufficiencient(>30) 362.80+1.5 1.0 6.8

[Table/Fig-2]: Serum 8-OHdG levels stratified by 25(0OH)D levels.

Results are mean+SD; one-way ANOVA test; “Level of significance <0.05

The prevalence of DNA damage according to the cutoff points is
shown in [Table/Fig-3]. Of the 3 58 subjects, 217 (60.6%) were
in the severe DNA damage group (8-OHdG >4.0 ng/mL), among
them 173 (84.8%) were T2DM patients and 44 (28.6%) healthy
individuals (p<0.01). Twenty-five percent of patients were in the
vitamin D deficiency group, 55.0% were in the insufficiency group,
and 20% had sufficient vitamin D status. The prevalence of vitamin
D deficiency in healthy individuals was 7.8%, insufficiency 68.8%
and sufficient 23.4%. A negative co-relation was found between
8-OHdG and 25(0OH)D in the patient group (r=-0.22, p=0.01).
No significant correlation was observed between 8-OHdD and
25(0OH)D with respect to age and gender (r=0.04, p=0.54; r=-0.06,
p=0.40, respectively) [Table/Fig-4].

T Patients (n=204) Healthy individuals e
n (%) (n=154) n (%)

25(0OH)D (ng/mL)

Deficiency (<10) 52 (25.0) 12 (7.8)

Insufficiency (=10-<30) 112 (55.0) 106 (68.8) 0.01*

Sufficiency (>30) 40 (20.0) 36 (23.4)

8-OHdG (ng/mL)

<4.0 31(15.2) 110 (71.4) <0.01*

>4.0 173 (84.8) 44 (28.6) <0.01*

[Table/Fig-3]: Categorization of participants in 25(0OH)D sub-groups.

Chi-square test; *Level of significance <0.05
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[Table/Fig-4]: Correlation between 25(0OH)D with 8-OHdAG (r=-0.22, p=0.01).

The percent changes and the significant of 8-OHdG and 25(0OH)D
levels at baseline and after 3 months of vitamin D supplementation
are described in [Table/Fig-5]. The mean values for 8-OHdAG level
decreased by 13.7% (p=0.13) among patient group, associated with
increased 25(0OH)D level by 47.7% (p=<0.01). Regarding the healthy
individuals, no such change was found in the mean level of 8-OHdAG
and the mean values decreased by 2.6% (p=0.36) associated with
increased 25(0OH)D level by 57.3% (p=<0.01).
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oxidative DNA damage and of total systemic oxidative stress in vivo
[15]. Interestingly, 8-OHdG appears to play a role in tissue cell injury
via the induction of apoptotic cell death [16]. It is also considered
to be a measurable risk factor for co-morbid illnesses like cancer,
atherosclerosis, and diabetes [17]. This may be explained by the
high level of H,O, generated from free radicals emerged from
oxidative stress conditions [18]. Based on previous literature, a cut-
off value of 4.0 ng/ml was used to classify the participants under
study into severe DNA damage category, although some studies
used different criteria [19-21]. The high level of 8-OHJG observed,
suggested high rate of DNA damage which is associated with low
vitamin D status [3].

Apart from vitamin D status, the DNA damage observed in T2DM
patients and healthy individuals can be attributed to various
confounding environment or genetic factors among our population.
Further the differences in observed in results can be a scribed to
different factors such as variability in sample size, differences in
age range groups, environmental factors, smoking, ethnicity, and
socioeconomic status including diet and other lifestyle factors, as
well as supplementation period [7,22-24]. Evidence to date indicates
that supplementation of population with vitamin D, or with vitamin
D is in conjunction with other micronutrients, may be beneficial in
some cases. The present data is in accordance with previous study
by Ptudowski P et al., andanimprovement in 25(OH)D levels during
vitamin D supplementation at physiological doses support the
existence of vitamin D deficiencies in our population [25].

Patient (n=25) Healthy individuals (n=19)
Variable Pre-Supplement After-supplement . Pre-supplement | After-supplement ~
(ng/mL) Mean+SD Mean=SD Percent changes | p-value Mean=SD Mean=SD Percent changes p-value
8-OHdG 8.04+3.2 6.9+1.7 18.7 0.13 7.6+2.9 7.4+1.6 2.6 0.36
25(0OH)D 13.9+2.4 26.6+6.8 47.7 <0.01 10.8+2.3 25.3+6.7 57.3 <0.01

[Table/Fig-5]: Effects of vitamin D supplementation on 8-OHdG and 25(0OH)D levels.

Independent t-test; *Level of significance <0.05

DISCUSSION

The present study provides definitive evidence that high level
of DNA damage in type 2 diabetes patients associated with low
vitamin D levels as compared to data for healthy individuals. The
results confirm a correlation between vitamin D and DNA damage,
as the mean 8-OHdG levels observed in type 2 diabetes was
about 2 times higher than observed in healthy individuals, and
25% of patients were in the severe vitamin D deficiency compared
to 7.8% among healthy group. A negative correlation (r=-0.22,
p=0.01) was observed between 8-OHdG and 25(0OH)D. In the
intervention study, restoration of sufficient vitamin D status after
supplementation reduced DNA damage by 13.7% among patient
group, this association was more evident in T2DM patient group
than in healthy individuals. These results suggest that the vitamin
D3 has protection effects against DNA damage, as the percentage
of 8-OHdG level decreased with increasing 25(0H)D. These findings
were in agreement with a similar study which suggests that vitamin D
prevents DNA damage, while another study showed that increased
serum 25(0OH)D by the exposure to sunlight is associated with DNA
damage as exposure to sun light will increase DNA damage with
increasing vitamin D formation [12,13].

However, the present study is the first examinationof individual
and collective effects of vitamin D on the level of DNA damage in
diabetic patients and healthy individuals in Duhok, Kurdistan region
(Irag). The link between vitamin D deficiency and oxidation-induced
DNA damage was studied due to high prevalence of vitamin D
deficiency in our population [14]. After data analysis, we found a high
prevalence (80%) of sub-optimal level of 25(OH)D (<30 ng/mL) in
diabetic patients and 76.6% in healthy group. While the prevalence
of DNA damage according to the suggested cut-off point (8-OHdG
>4.0 ng/mL) in the patient group was (84.8%) and 28.6% in the
healthy group. Serum 8-OHAG is known to be a sensitive marker of
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LIMITATION

A longitudinal study may be essential to clarify the relationship
between vitamin D and DNA damage among general population.

CONCLUSION

The present study suggests that DNA damage is prevalent in
diabetic patients especially in individuals with low vitamin D status.
Restoration of sufficient vitamin D status after supplementation
resulted in decreased level of DNA damage by 13.7%. Preventive
intervention in order to reduce the tendency of DNA damage among
diabetic patients should focus on the awareness of the essentiality
of vitamin D promotion of direct exposure to sunlight (vitamin D3)
and consumption of vitamin D fortified food as a part of diabetic
patient diet.

REFERENCES

[1] Palacios C, Gonzalez L. Is vitamin D deficiency a major global public health
problem? J Steroid Biochem Mol Biol. 2014;144 Pt A:138-45.

Ford JA, MacLennan GS, Avenell A, Bolland M, Grey A, Witham M. Cardiovascular
disease and vitamin D supplementation: Trial analysis, systematic review, and
meta-analysis. Am J Clin Nutr. 2014;100(3):746-55.

Al-Timimi DJ, Ali AF. Serum 25(0OH) D in Diabetes mellitus type 2: Relation to
glycaemic control. J Clin Diagn Res. 2013;7(12):2686-88.

Holick MF, Chen TC. Vitamin D deficiency: A worldwide problem with health
consequences. Am J Clin Nutr. 2008;87(4):1080S-6S.

Chowdhury R, Kunutsor S, Vitezova A, Oliver-Williams C, Chowdhury S, Kiefte-
de-Jong JC, et al. Vitamin D and risk of cause specific death: Systematic review
and meta-analysis of observational cohort and randomised intervention studies.
BMJ. 2014;348:91903.

Garland CF, Gorham ED, Mohr SB, Garland FC. Vitamin D for cancer prevention:
Global perspective. Ann Epidemiol. 2009;19(7):468-83.

Nair-Shalliker V, Armstrong BK, Fenech M. Does vitamin D protect against DNA
damage? Mutat Res. 2012;733(1-2):50-57.

Aloia JF, Patel M, Dimaano R, Li-Ng M, Talwar SA, Mikhail M, et al. Vitamin D
intake to attain a desired serum 25-hydroxyvitamin D concentration. Am J Clin
Nutr. 2008;87(6):1952-58.

[2]

[31
[41
(51

[6]
[71
(8l



Ardawan F Ali and Dhia J Altimimi, DNA Damage and Vitamin D Status among Type 2 Diabetic Patients

[9]
(o]

1]

N2

(3]

4]

9]

(6]

17

Moyad MA. Vitamin D: A rapid review. Dermatol Nurs. 2009;21(1):25-30, 55.
Ziaee A, Javadi A, Javadi M, Zohal M, Afaghi A. Nutritional status assessment of
Minodar residence in Qazvin city, Iran: Vitamin D deficiency in sunshine country,
a public health issue. Glob J Health Sci. 2012;5(1):174-79.

Deore DN, Surwase SP, Masroor S, Khan ST, Kathore V. A cross sectional study
on the relationship between the Body Mass Index (BMI) and the Audiovisual
Reaction Time (ART). J Clin Diagn Res. 2012;6(9):1466-68.

Touvier M, Chan DSM, Lau R, Aune D, Vieira R, Greenwood DC, et al. Meta-
analyses of vitamin D intake, 25-hydroxyvitamin D status, vitamin D receptor
polymorphisms, and colorectal cancer risk. Cancer Epidemiol Biomarkers Prev.
2011;20(5):1003-16.

Petersen B, Wulf HC, Triguero-Mas M, Philipsen PA, Thieden E, Olsen P, et al.
Sun and ski holidays improve vitamin D status, but are associated with high
levels of DNA damage. J Invest Dermatol. 2014;134(11):2806-13.

Al-Timimi DJ, Salih SF. Vitamin D status among apparently healthy population in
Duhok, Kurdistan Region, Irag. Duhok Medical Journal.2016;10(2):25-32.

Di Minno A, Turnu L, Porro B, Squellerio |, Cavalca V, Tremoli E, et al. 8-Hydroxy-
2-deoxyguanosine levels and cardiovascular disease: a systematic review and
meta-analysis of the literature. Antioxid Redox Signal. 2016;24(10):548-55.
Tsuruya K, Furuichi M, Tominaga Y, Shinozaki M, Tokumoto M, Yoshimitsu T,
et al. Accumulation of 8-oxoguanine in the cellular DNA and the alteration of
the OGG1 expression during ischemia-reperfusion injury in the rat kidney. DNA
Repair. 2003;2(2):211-29.

Wu LL, Chiou C-C, Chang P-Y, Wu JT. 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):01-09.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

www.jcdr.net

Min K-S, Horie T, Tetsutchikawahara N, Onosaka S. Metallothioneinsuppresses
the formation of 8-Hydroxy-2’-Deoxyguanosine in DNA induced by ferric
nitrilotriacetate in vitro. J Health Sci. 2005;51(4):497-5083.

Rodier F, Coppé J-P, Patil CK, Hoeijmakers WAM, Mufioz DP, Raza SR, et al.
Persistent DNA damage signalling triggers senescence-associated inflammatory
cytokine secretion. Nat Cell Biol. 2009;11(8):973-79.

Leinonen J, Lehtiméki T, Toyokuni S, Okada K, Tanaka T, Hiai H, et al. New
biomarker evidence of oxidative DNA damage in patients with non-insulin-
dependent diabetes mellitus. FEBS Letters. 1997;417(1):150-52.

Pothof J, Verkaik NS, van lJcken W, Wiemer EAC, van Ta TB, van der Horst
GTJ, et al. MicroRNA-mediated gene silencing modulates the UV-induced DNA-
damage response. EMBO J. 2009;28(14):2090-99.

Wang EW, Collins AR, Pang MYC, Siu PPM, Lai CKY, Woo J, et al. Vitamin
D and oxidation-induced DNA damage: Is there a connection? Mutagenesis.
2016;31(6):655-59.

Slyskova J, Lorenzo Y, Karlsen A, Carlsen MH, Novosadova V, Blomhoff R, et al.
Both genetic and dietary factors underlie individual differences in DNA damage
levels and DNA repair capacity. DNA Repair. 2014;16:66-73.

Al-Timimi DJ, Hazim SH. Vitamin D status and metabolic abnormality profile
among siblings of patients with type 2 diabetes mellitus. Duhok Medical Journal.
2015;9(2):13-19.

Ptudowski P, Karczmarewicz E, Bayer M, Carter G, Chlebna-Sokét D, Czech-
Kowalska J, et al. Practical guidelines for the supplementation of vitamin
D and the treatment of deficits in Central Europe-recommended vitamin D
intakes in the general population and groups at risk of vitamin D deficiency.
EndokrynologiaPolska. 2013;64(4):319-27.

PARTICULARS OF CONTRIBUTORS:
Assistant Lecturer, Department of Medical Lab. Technology, Shekhan Technical College of Health, Duhok, Kurdistan Region, Irag.
Professor and Head, Department of Medical Chemistry, College of Medicine, University of Duhok, Duhok, Kurdistan, Region, Irag.

1.
2.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dhia J Altimimi,

College of Medicine, University of Duhok, Duhok, Kurdistan Region, Irag.
E-mail: altmimidj@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Sep 28, 2018
Date of Peer Review: Nov 15, 2018
Date of Acceptance: Jan 19, 2019
Date of Publishing: May 01, 2019

Journal of Clinical and Diagnostic Research. 2019 May, Vol-13(5): BC21-BC24



