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Prior studies have reported cigarette smoking may induce oxidative DNA
damage among healthy individuals. This study aimed to determine the
extent of oxidative DNA damage and to ascertain its relevance to vitamin D
status in smoker and non-smoker healthy males. Observational cross-
sectional study was conducted between September 2018 and March 2019.
Consecutively, men who attended out-Patient Department (OPD) of
Department of Medicine at Azadi Teaching Hospital as attendant of patients
and healthy hospital’s staffs were selected. Body mass index, 8-hydroxy-2-
deoxiguanosine (8-OHdG), an oxidative DNA damage marker and 25-
hydroxyvitamin D [25(0OH)D] were measured in all study subjects. Total of
410 apparently healthy volunteers were enrolled in this study. According to
smoking habit, 170(41.4%) of the participants were found smokers and
240(58.6%) were non-smokers. Significantly higher 8-OHdG (P<0.001),
together with lower 25(OH)D levels(p<0.015) were found in smokers
compared to non-smokers. In the smoker group, 8-OHdG negatively
correlated with 25(0H)D (r= -0.35,p=0.010). In the non-smoker group, we
also observed a negative correlation with 25(0H)D (r= -0.46 p=0.010).
Elevated 8-OHdG levels in conjunction with low vitamin D status strongly
associated with smoking habit. Efforts to quit smoking with increasing
vitamin D levels in this group may help to correct abnormal levels of 8-OHdG
and reducing DNA damage.
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INTRODUCTION

Epidemiological data support a link between cigarettes
smoking and oxidative stress (Marisol et al., 2009).Smokers
are at greater risk than no-smokers of having intracellular
oxidizing agents, particularly reactive oxygen species
(Winkelmann et al., 2009). In humans, smoking was related
to significantly reduced glutathione level in plasma/serum
across race and sex, as well as decreased serum superoxide
dismutase and vitamins. Smoking was also shown to
directly decrease glutathione production via alterations of
its synthetic pathway, and dietary differences did not
account for reduced glutathione levels (Zahraie et al., 2005).

The high production of these oxidants associated with
smoking may exceeding the capacity of the oxidative
defense system resulting in oxidative damage to certain
proteins, lipids and DNA (Roberto et al,, 2018). Although
the underlying mechanisms involved in the pathogenesis
of diseases associated  with  smoking are not well
understood, tobacco smoke contains numerous
compounds, many of which are oxidants and pro oxidants
capable of producing free radical and enhancing the
oxidative stress in vivo (Cross et al.,, 1998). Each puff of a
tobacco contains oxidants in the tar phase and in the gas
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Table 1. Baseline characteristics of studied men

Characteristics Non-smokers Smokers P-value
(n=240) (n=170)

Age (Years) 44.5+7.3 45.948.1 0.170

BMI(Kg/m?2) 27.0+£3.4 27.3+£3.7 0.650

8-0HdG (ng/ml) 43+2.2 7.2+54 <0.001

25(0H)D (ng/ml) 22.849.7 18.49.3 0.015

Data are presented as mean +standard deviation

phase. It has been demonstrated that one of the prominent
risk factors for increased lipid peroxidation is smoking
(Kocyigit et al., 2001).

Data on the other hand suggested that deficiency of
vitamin D leads to increase DNA damage (Ali and Altimimi,
2019). An adequate level of vitamin D is beneficial in
maintaining DNA integrity, whereas vitamin D deficiency
may increase DNA damage (Nair-Shalliker et al, 2012).
Given this existing data, it is reasonable to hypothesize that
low vitamin D status in healthy population may predispose
them to diseases and may increase DNA damage. Reports
on this issue are limited and the association with DNA
damage has not established in healthy population in our
society (Ali and Altimimi, 2019). This study aimed to
determine the extent of DNA damage in a sample of
cigarette smokers in comparison with that of non-smokers
and to ascertain its relevance to vitamin D status.

MATERIALS AND METHODS
Study population

This is an observational cross-sectional study carried out in
the Department of Medical Chemistry, College of Medicine,
University of Duhok, Duhok, Kurdistan Region of Iraq. All
participants were taken from September 2018 and March
2019. Total of 410 apparently healthy volunteers who were
attending Out-Patient Department (OPD) of Department of
Medicine at Azadi Teaching Hospital as attendant of
patients and healthy hospital’s staff, aged between 30 to 60
years were selected for the study. All study participants
were subjected to details history, general physical
examination such as height, weight (as weight in kilogram,
height in meter2). BMI was measured for all participants as
weight in kilograms divided by height in meter squared. All
enrolled participants were divided into smoker and non-
smoker groups; selection of smokers done according to the
number of cigarettes smoked per day. For a better
assessment of the impact of smoking on parameters under
testing, this study included only heavy smokers who used
to smoke at least 20 sticks per day for more than 5 years
and excluded mild or casual smokers to leave a better zone
of comparison. All smokers included were male, because
female cigarette smokers in our society are rare.

Inclusion criteria were: men, ages 30-60 years, with
normal fasting glucose (<100 mg/dl and HbAlc <5.5%,

without CVD, endocrine, metabolic disorders and without
signs and symptoms of acute inflammatory disease, with no
history or presence of malignancy. Participants who had
CRP>6 mg/dl, HbA1c>5.5% and fasting glucose levels
>100mg/dl were excluded from the study, as well as those
who using lipid-lowering drugs, antihypertensive, anti-
inflammatory drugs and/or vitamin D supplementation.

All participants provided with written informed consent.
The study protocol was approved by the Ethics committee
of the Medical College, University of Duhok.

Biochemical Measurements

Phlebotomy was performed in the morning between 8-10
o’clock, after 12-14 h overnight fast at Azadi Teaching
Laboratories, Azadi Teaching Hospital, Duhok Kurdistan
Region of Iraq. Serum specimens were collected in tubes
containing no anticoagulant, samples were allowed to clot
for 30 minutes and then centrifuged at 3000 rpm for 10
minutes. Serum samples were divided into aliquots, one for
25(0H)D test performed by using clinical chemistry
analyzer Cobas 6000 Roch (open, automated, discrete and
random access) . The portions of liquid sera were stored at
-80 °C for further analysis of the established DNA damage
biomarker (8-OHdG). Measurement of 8-OHdG was done
using ELISA technique (Elabsciencecata/log number E-EIl-
0028, USA).

Statistical analysis

All data were analyzed using the Statistical Package for
Social Science SPSS version 18.0 computer software.
Descriptive statistics were adapted to present data in
means+standard deviation. Differences between groups
were evaluated with Student’s-t-test. A correlation analysis
by Pearson’s correlation coefficient (r) value was used to
determine the relationship between 8-OHdG levels and
other variables. The level of statistical significance (P-
value) was set at < 0.05.

RESULTS

Table 1 shows the baseline characteristics of healthy
participants divided according to their smoking habit. No
significant differences were found with respect to age and
BMI between the smoker and non-smoker groups. A
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Table 2. Serum 8-OHdG levels stratified by 25(0OH)D levels

Vitamin D status Non-smokers Smokers p-value
25(0H)d, ng/ml

n(%) mean+SD n(%) mean+SD
Deficiency<10 18(7.6) 5.3+3.1 42(25.0) 8.2+5.7 0.010
Insufficiency 10-29.9 160(66.6) 4.7+2.3 94(55.0) 7.3+5.5
Sufficient >30 62(25.8) 2.8+1.7 34(20.0) 5.7+2.3

Table 3. pearson,s correlation coefficient (r) between 8-OHdG and
studied parameters in smokers and non-smokers

Variable Non-smoKkers Smokers

R p-value R p-value
Age 0.040 0.59 0.09 0.299
BMI 0.18 0.09 0.04 0.54
25(0H)D -0.46 0.010 -0.35 0.010

significantly higher mean 8-OHdG level (almost 2 times
higher) was found in the smokers compared with non-
smokers (P<0.001), together with lower 25(0H)D levels
(p<0.015) were found in smokers compared to non-
smokers

Table 2 shows the mean+SD of 8-OHdG stratified by
25(0H) D levels in smokers and non-smokers. Significantly
higher 8-OHdG levels were observed in smokers with
vitamin D deficiency or insufficiency compared to the non-
smokers (p=0.010).

The relationship between 8-OHdG and vitamin D in
smokers and non-smokers is presented in Table 3. As
shown, in the smoker group, 8-OHdG correlated negatively
with 25(0H)D (P =0.020). In the non-smoker group, we
found a negative correlation of 8-OHdG with 25(0OH)D
,0=0.010).No significant correlations were found between
8-OHdG and both age and BMI.

DISCUSSION

The results of this study showed significantly higher 8-
OHdG together with lower 25(0H) D levels in healthy
smokers in Duhok, Kurdistan Region of Iraq compared with
the values in non-smokers. The results shows a correlation
between DNA damage and smoking, as the mean 8-OHdG
level observed in smokers was about 2 times higher than
that in non-smokers. These results are in accordance with
previous studies (Kasai and Nishimura, 1984; Dizdaroglu,
1985; Cho et al,, 1993; Tagesson et al., 1995; Hond et al,,
2000). Moreover we reported a significant relationship
between 8-OHdG and the vitamin D measurements
25(0OH)D. In our study, 25(0H) D correlated with 8-OHdG in
both the smoker and non-smoker groups, suggesting that
vitamin D deficiency may leads to increase DNA damage(Ali
and Altimimi, 2019). It is important to note that stronger
associations between oxidative DNA damage and vitamin D
values have been reported for men compared for
women(Erica et al., 2010); however, we didn’t took female

group in our study as the female smokers in our society is
rare which is one limitation of our study. In the present
study, we found that about (41.4%) of the studied men
were heavy smokers.These results suggest an important
mechanism through smoking can influence higher risk of
oxidative DNA damage in our population, although,
measurement of the oxidative damage biomarker has not
been determined in women, which is a limitation of this
study.

Research by (Ali and Altimimi, 2019) also reported a
significant association of 8-OHdG levels with vitamin D
among individuals with type 2 DM after smoking
adjustment. A study by (Nina et al., 2016) supported this
observation, Moreover, 8-OHdG levels was reported to be
higher in diabetic patients (Mahmoud and Al-Timimi 2019),
In our study, none of the participants was diabetic, it is
therefore the results of this confirm the potential effects of
smoking on oxidative DNA damage and its relevance to
vitamin D status.

CONCLUSION AND RECOMMENDATIONS

This study has demonstrated a significant association
between oxidative DNA damage and vitamin D deficiency
which may render smokers more susceptible to oxidative
damage. It's recommended to quit smoking with increasing
vitamin D levels by exposure to sunlight and/or Vitamin D
supplementation in an attempt to correct abnormal levels
of 8-OHdG and reducing DNA damage.
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