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Abstract. Background: Reactive oxygen species can disrupt normal cellular functions by damaging DNA, pro-
tein, and lipid structures of the cell. Some antioxidant molecules may protect the body against reactive oxygen
species. We aimed to investigate the relationship between the dietary intake of antioxidants and oxidative
DNA damage in diabetic patients. Material and Methods: A total of 85 individuals were included in the study,
of which 30 were newly diagnosed with type-2 diabetes, 30 were formerly diagnosed with type-2 diabetes,
and 25 were healthy individuals. Twenty-four-hour dietary recalls were recorded for 3 consecutive days. Die-
tary total antioxidant capacity and dietary oxidative balance scores were calculated according to these records.
Spot urine samples were collected and analyzed for 8-hydroxy-2’ deoxyguanosine/creatinine. Results: Dietary
total antioxidant capacity, estimated via different methods, was higher in the controls than that in patients
with type-2 diabetes (p<0.05). The urinary 8-hydroxy-2'-deoxyguanosine/creatinine ratio, a reliable predictor
of oxidative DNA damage, was also higher in non-diabetic patients (p<0.05). The urinary 8-hydroxy-2'-
deoxyguanosine/creatinine ratio was not related to dietary antioxidant intake (p>0.05). Conclusion: Urinary
8-hydroxy-2'-deoxyguanosine/creatinine concentration may not always reflect the current oxidative status of

the body.
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Chronic hyperglycemia is an important risk fac-
tor for ROS formation (3). An increased glucose flux

Oxidative stress, described as a physiological state
resulting from a disruption of the balance between the
production and degradation of reactive oxygen species
(ROS) (1), is an important factor that may take part
in the onset of both type-2 diabetes mellitus (T2DM)
and diabetes-related complications. The data obtained
from clinical studies suggest that systemic oxidative
stress is closely related to metabolic syndrome and its
components (2).

causes an electron pressure on the mitochondrial elec-
tron transport system that may contribute to ROS for-
mation, which in turn leads to an increased activity in
alternative pathways for metabolizing glucose (4). Ex-
cessive ROS concentrations in cells may then disrupt
nucleic acid, lipid, and protein structures (5). In the
nuclear and mitochondrial DNA structure, guanosine
is the most susceptible base for oxidation and it disinte-

grates into 8-hydroxy-2'-deoxyguanosine (8-OHdG)



0. Cetiner, S. N. Sendur, et al.

in the presence of reactive oxygen derivatives (6). The
measurement of this highly stable molecule in tissues
and urine may impart information about DNA dam-
age in an individual (7).

Dietary antioxidants may be protective against
oxidative damage and T2DM, as substantiated by
their effects on decreasing ROS concentrations in the
body (8). To assess the antioxidant content of mixed
diets, dietary total antioxidant capacity (DTAC) has
been suggested as a tool that evaluates the efficacy
of antioxidant molecules in foods against reactive
compounds (9). Most studies revealed that DTAC
decreased the risk of oxidative stress-related diseases
(10,11).

In the light of this background, the present study
aims to evaluate oxidative damage in subjects that were
newly or formerly diagnosed with diabetes and to de-
termine the relationship between DTAC and oxidative
stress biomarker, 8-OHdG.

Materials and Methods
Study Design

This study included a total of 85 subjects recruited
from October 2017 to October 2018 from the outpa-
tient Department of Medicine, Hacettepe Univer-
sity. Overall, 30 subjects that were newly diagnosed
with T2DM and additional 30 subjects that had been
formerly diagnosed with T2DM (time since diagnosis
was 25 years) as well as 25 control subjects were re-
cruited. A questionnaire was administered by a trained
dietitian via face-to-face interviews and spot urine
samples were collected and analyzed for 8-OHdG/

creatinine.
Ethical clearance

This study was conducted in accordance with the
Declaration of Helsinki, and the study protocol was
approved by the Hacettepe University Non-Interven-
tional Clinical Researches Ethics Board (Ref Code:
GO 17/781). Informed consent was obtained from all
participants before the survey began.

Participants

Individuals aged between 25 and 60 years were
included in this study. The exclusion criteria included
presence of a known inflammatory disease (rheumatoid
arthritis, cancer, etc.). Pregnant or lactating women as
well as smokers were also excluded. These criteria are
of high importance as these presentations can cause a
falsely high 8-OHdG/creatinine concentration, inde-
pendent of the duration of diabetes or dietary habits
of individuals.

Instruments

Demographic characteristics, general dietary habits,
physical activity status, and anthropometric measure-
ments were recorded within the scope of the question-
naire. Twenty-four-hour dietary recalls were taken from
the participants over 3 consecutive days of which two
days from weekdays and one day from weekend.

Mean daily nutrient intake was calculated us-
ing the Nutrition Information System (BEBIS) 7.1
software package (Hohenhim University, Stuttgart,
Germany). Since the software does not include the
antioxidant capacity of foods, the value of each food
was assigned based on various previously published
databases (12-15). According to these databases, the
antioxidant capacity is estimated using four assays:
ferric reducing antioxidant capacity (FRAP), trolox
equivalent antioxidant capacity (TEAC), total radical
trapping antioxidant potential (TRAP), and oxygen
radical absorption capacity (ORAC). The ORAC val-
ues are reported for hydrophilic-ORAC (H-ORAC),
lipophilic-ORAC (L-ORAC), Total-ORAC, and to-
tal phenolics (TP). FRAP values were estimated using
two different databases. The FRAP values, estimated
according to the database composed by Carlsen et al,,
are named as FRAP-1 and the FRAP values, estimat-
ed according to the database composed by Pellegrini
et al., are named as FRAP-2 in the text. Regarding
foods for which DTAC data were unavailable, the
value of the nearest comparable food was assigned.
Dietary Oxidative Balance Score (OBS) was also cal-
culated for oxidant and antioxidant compounds in diet,

as described by Agalliu (16).
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Biochemical Parameters

Plasma fasting blood glucose (FBG), glycated
hemoglobin % (HbA1c), total cholesterol, HDL cho-
lesterol, LDL cholesterol, VLDL cholesterol, and tri-
glyceride values were retrieved from patient records.
Patients with missing records were excluded while
evaluating these parameters.

In the collected spot urine samples, 8-OHdG
(EIA Kit, Cayman, 589320) concentration was
measured. This commercial kit is preferred because
of its high sensitivity in urine analysis. Urine samples
were collected from the participants according to the
manufacturer’s instructions, stored at -30°C in 2-mL
centrifuge tubes until the day of analysis, and dis-
solved at +4°C the night before the analysis. Before
running the ELISA test, the samples were centri-
fuged at 1500 x g for 5 min. A dilution ratio of 1:250
was preferred with the intention of falling within the
range of the standard curve. Since the concentrations
of oxidized guanine in spot urine samples could vary,
the creatinine concentrations were also analyzed to
standardize the level of 8-OHdG as recommended
in the literature (17).

Statistical analysis

Data were evaluated using the statistical software
package SPSS 23.0. General characteristics, energy
intake, DTAC, OBS, and biochemical parameter vari-
ables were all reported for the newly diagnosed T2DM
patients, formerly diagnosed T2DM patients, and
healthy controls. For non-continuous variables, the
data were presented in number (n) and percentage (%).
For continuous variables, the data were presented as
mean and standard deviation.

The differences between the three groups were
tested using the following tests: F test was used for var-
iables with a normal distribution and homogeneity of
variances, Kruskal-Wallis H test was used for variables
with a non-normal distribution, and X2 test was used
for categorical variables. For post hoc analysis, Tukey
test was used for variables with a normal distribution
and homogeneity of variances and the Bonferroni test
was used for non-normally distributed variables.

A two-way ANOVA test was used to identify the
variations in 8-OHdG/creatinine values within the
three groups after making adjustments for age, physical
activity, BMI, and energy intake. To evaluate the effect
of each DTAC value and OBS on urinary 8-OHdG/
creatinine values, separate logistic regression mod-
els were applied after making adjusted for age, BMI,
physical activity level, diabetes status, and total energy
intake as potential confounders. Both 8-OHdG/cre-
atinine and dietary components were grouped as low
tertile and high tertile according to their median val-
ues. Low tertile 8-OHdG/creatinine group was set as
reference group, whereas high tertile DTAC and OBS
values were taken as reference groups while perform-
ing logistic regression analysis.

In all tests, p value of <0.05 was considered sig-
nificant.

Results

In Table 1, the main descriptive characteristics
of the participants are demonstrated separately for
each group. The mean ages (+SD) of newly diagnosed
T2DM, formerly diagnosed T2DM, and healthy con-
trols were 50.8+6.8, 51.8+7.4, and 45.6+8.6 years, re-
spectively. Distribution of women was higher in each
group (range: 53.3%-56.7%). Obesity, hypertension,
and hyperlipidemia were the most common diseases in
both newly and formerly diagnosed diabetic patients
(range: 33.3%-63.3%). Compared with non-diabetic
patients, both formerly and newly diagnosed diabetic
patients had significantly higher BMI levels (p<0.001).

Table 2 outlines DTAC and OBS of the partici-
pants in each group. Accordingly, DTAC, estimated by
FRAP-1, FRAP-2, TRAP, TEAC, and L-ORAC as-
says, was greater in non-diabetic patients than in dia-
betic patients. DTAC, estimated by FRAP-2, TRAP,
and TEAC assays, was approximately two-fold higher
in non-diabetic patients. Nevertheless, OBS within
three groups were similar (p=0.253; Table 2).

Table 3 shows the biochemical markers of the
participants in each group. Accordingly, formerly diag-
nosed diabetic patients had the highest FBG, VLDL

cholesterol, and triglyceride concentrations, whereas



4 O. Cetiner, S. N. Sendur, et al.

Table 1. General characteristics of participants

Diabetic patients Control group
Newly diagnosed ~ Formerly diagnosed P
(n=30) (n =30) (n=25)
Age, years 50.8 +6.8 51.8 7.4 45.6 +8.6 0.05*
Gender
Men 13 (43.3%) 14 (46.7%) 11 (44.0%) 0.963
Women 17 (56.7%) 16 (53.3%) 14 (56.0%)
Marital status
Single 1 (3.3%) 5 (16.7%) 5 (20.0%) 0.139"
Married 29 (96.7%) 25 (83.3%) 20 (80.0%)
Total length of education, years 10.0 +4.2 8.9:4.8 15.1 3.1 <0.001*
Treatment method
Diet 3 (10.0%) -
Diet + Oral Antidiabetic Drugs 16 (53.3%) 13 (43.3%) NQ 0.119°
Diet + insulin 11 (36.7%) 17 (56.7%)
Family diabetes history
None 5 (16.7%) 7 (23.3%) 0.747
Mother or Father 14 (46.7%) 12 (40.0%) NQ 0.794
Mother and Father 3 (10.0%) 7 (23.3%) 0.299
Siblings 9 (30.0%) 16 (53.3%) 0.116
Existing diseases
None 2 (6.7%) 3 (10.0%) 16 (64.0%) <0.001
Hypertension 10 (33.3%) 16 (53.3%) 4 (16.0%) 0.015
Obesity 16 (53.3%) 19 (63.3%) 3 (12.0%) <0.001
Hyperlipidemia 11 (36.7%) 12 (40.0%) 1 (4.0%) 0.006
Cardiovascular diseases 3 (10.0%) 3 (10.0%) - 0.270°
Kidney diseases 2 (3.3%) 5 (16.7%) 1 (4.0%) 0.167°
Thyroid diseases 7 (23.3%) 7 (23.3%) 3 (12.0%) 0.492
Nutritional Habits
Meal skipping
Usually 4 (13.3%) 6 (20.0%) 1 (4.0%)
No 21 (70.0%) 14 (46.7%) 16 (64.0%) 0.192°
Sometimes 5 (16.7%) 10 (33.3%) 8 (32.0%)
Number of regular meals 2.9 +0.4 2.9 0.4 3.00 0.2 0.448:
Number of snacks 2.0+1.0 2111 1.7 £1.1 0.248¢
Energy Intake 1778.4 £355.1 1670.3 +479.6 1954.7 +405.1 0.046¢
Body Mass Index (kg/m?) 31.8 6.4 329155 26.1+3.8 <0.001°
Physical Activity Level 1.75 +0.23 1.72 +0.12 1.69 £0.14 0.635°

NQ: Not Questioned.
12 Multiple options marked.
Analyzed with Chi-square fest.

a: Analyzed with Kruskal Wallis test,

b: Analyzed with Fisher’s Exact test,

c: Analyzed with One-way Anova fest,

$<0.05.
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non-diabetic patients had the highest total choles-
terol, LDL, and HDL cholesterol concentrations;
8-OHdG/creatinine concentrations were 158.5+129.5
ng/mg, 129.5+86.4 ng/mg, and 251.0+147.3 ng/mg in
the newly diagnosed diabetic patients, formerly diag-
nosed diabetic patients, and non-diabetic patients, re-
spectively. 8-OHdG/creatinine value was statistically
higher in non-diabetic patients than in diabetic pa-
tients after adjustments for age, BMI, physical activity
level, and energy intake (p<0.05; Table 3).

Separate logistic regression models explaining
the effect of DTAC and OBS on urinary 8-OHdG/
creatinine concentrations are summarized in Table 4.
Lower DTAC values, estimated by eight different as-
say methods, did not pose a significant risk for having
higher urinary 8-OHdG/creatinine ratio, after being
corrected for potential cofounders (p<0.05). Likewise,
lower dietary OBS did not have a considerable effect
on increasing urinary 8-OHdG/creatinine concentra-
tions (OR= 1.399 %95 CI: 0.461 — 4.247, p=0.553;
Table 4).

Discussion

The results of this study indicate that DTAC of
diabetic patients is significantly lower than that of non-
diabetic patients (Table 2). These results are consistent
with previously published studies (11,18). Lower levels
of DTAC may be considered as a potential predictor of
the risk of diabetes development. In the French EPIC
study, it has been emphasized that a higher dietary
total antioxidant intake was associated with a lower
T2DM risk (11); in that study, DTAC levels of <15
mmol/day (according to the database composed by
Pellegrini et al.) were associated with a higher risk of
diabetes (11). Likewise, in the ATTICA study, DTAC
estimated using FRAP, TRAP, and TEAC methods
were negatively correlated with plasma glucose, insu-
lin, and HOMA-IR levels (18).

Biochemical markers of the individuals differ
among three groups as predicted (Table 3). In line
with the previously published data (19), the concentra-
tions of FBG and HbA1c increase with the duration
of diabetes. Surprisingly, in this study, total cholesterol
and LDL cholesterol concentrations were found to be

higher in non-diabetic patients than those in diabetic
patients (Table 3). Since insulin resistance increases
non-esterified fatty acid secretion from adipose tis-
sues, dyslipidemia is common among diabetic patients,
whereas plasma cholesterol concentrations can be af-
fected by a number of factors including individuals’ di-
etary patterns, genetic factors, age, and sex, apart from
diabetes itself.

Another striking result of the present study was
the significantly higher urinary 8-OHdG concentra-
tions in non-diabetic patients than those in diabetic
patients after adjustments were made for age, BMI,
physical activity level, and energy intake (Table 3).
The urinary 8-OHdG concentrations have been de-
scribed as a predictor of diabetes and its complications
in many studies and reported to increase after diabetes
onset (20,21). In the study by Dong et al. (20), the
urinary 8-OHdG/creatinine ratio was significantly
higher in diabetic patients than in non-diabetic pa-
tients. Among diabetic patients, the level of 8-OHdG
excretion in urine was found to be higher in diabetic
patients with proliferative retinopathy than in diabetic
patients without retinopathy and diabetic patients with
non-proliferative retinopathy. Likewise, Nishikawa et
al. (21) demonstrated 2.3-fold higher rates of urinary
8-OHdG excretion in diabetic patients with athero-
sclerosis compared with that in diabetic patients with-
out atherosclerosis. In contrast to previously reported
data, the present study did not reveal any evidence of
increased urinary 8-OHdG concentrations in diabetic
patients (Table 3) nor were the concentrations higher
in formerly diagnosed diabetic patients compared with
those in newly diagnosed diabetic patients (Table 3).
One possible explanation for such contradictory re-
sults might be associated with the drugs used by dia-
betic patients that have antioxidant properties, such
as metformin (22). Since both newly and formerly di-
agnosed patients with T2DM included in this study
commonly use different forms of metformin as a part
of their pharmacological therapy (data not shown), the
concentrations of oxidized molecules in diabetic pa-
tients might have reduced.

Another possible explanation might be related
to the balance between the formed and excreted con-
centrations of oxidized molecules. Urinary 8-OHdG
excretion may be a marker of oxidative damage, but it
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Table 4. Logistic regression models showing the effect of dietary antioxidant capacity and oxidative balance score on urinary

8-OHdG/creatinine ratio

OR estimates for participants in high urinary 8-OHdG/creatinine tertile*

Adjusted ORY %95 CI P
DTAC values
FRAP-1
FRAP -1 (low tertile <6.4) 0.613 0.190 - 1.980 0.413
FRAP -1 (high tertile >6.4) Ref.
FRAP-2
FRAP -2 (low tertile <16.3) 0.614 0.219 - 2.451 0.614
FRAP -2 (high tertile >16.3) Ref.
TRAP
TRAP (low tertile <5.77) 0.319 0.090 - 1.137 0.078
TRAP (high tertile >5.77) Ref.
TEAC
TEAC (low tertile <5.45) 0.531 0.152 - 1.855 0.321
TEAC (high tertile >5.45) Ref.
H-ORAC
H-ORAC (low tertile <19068.8) 0.992 0.311-3.159 0.989
H-ORAC (high tertile >19068.8) Ref.
L-ORAC
L-ORAC (low tertile <530.45) 4.203 0.997 -17.712 0.050
L-ORAC (high tertile >530.45) Ref.
Total ORAC
Total ORAC (low tertile <19535.29) 0.915 0.282 -2.971 0.882
Total ORAC (high tertile >19535.29) Ref.
TP
TP (low tertile <1401.53) 1.705 0.536 —5.420 0.336
TP (high tertile >1401.53) Ref.
Oxidative balance score
(low tertile <31) 1.399 0.461 — 4.247 0.553
(high tertile >31) Ref.

FRAP-1, Ferric Reducing Antioxidant Power (Carlsen Database); FRAP-2, Ferric Reducin g Antioxidant Power (. Pellegrini Data-
base); H-ORAC, Hydrophilic Oxygen Radical Absorbing Capacity (USDA); L-ORAC, Lipophilic Oxygen Radical Absorbing Capacity
(USDA); TEAC, Trolox Equivalent Antioxidant Capacity (Pellegrini Database); Total ORAC, Total Oxygen Radical Absorbing Capac-
ity (USDA); TR Total Phenolics (USDA); TRAR Total Radical Trapping Antioxidant Potential (Pellegrini Database).

“Tertile limit for high 8-OHAG/creatinine is >135.291 ng/mg
fAdjusted for age, physical activity level, total energy intake, diabetes group (no diabetes, newly diagnosed diabetes, formerly diagnosed

diabetes), BMI
$<0.05.
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may also indicate that the repair mechanisms against
oxidative products have the ability to scavenge dam-
aged molecules from the cellular environment (7). The
presence of the 8-OHdG molecule in urine is a proof
that the 8-OHdG residues on DNA are removed from
cells via excision repair systems. As the 8-OHdG con-
centrations increase in tissues, the number of oxidized
molecules in bodily fluids may also increase owing to
the activity of DNA repair mechanisms. However, in
cases where these compensatory mechanisms do not
run efficiently, even though the 8-OHdG molecule is
formed, it may not be eliminated from the cells and
therefore accumulates in tissues. In this case, the con-
centration of oxidized molecules in bodily fluids may
reduce. In concordant with this hypothesis, it has
been stated that T2DM is not only associated with
elevated concentrations of oxidative DNA damage
but also with increased susceptibility to mutagens and
decreased efficacy of DNA repair mechanisms (23).
Reduced activity of those mechanisms might be a con-
sequence of hyperglycemia-induced oxidative stress.
Repair enzymes can be affected by glycation and may
lose their efficiency like any other enzyme structures
composed of proteins. Furthermore, diabetes may alter
the intracellular distribution of micronutrients, which
act as cofactors of antioxidant enzymes (24). Consid-
ering that antioxidant enzymes and nutrients play an
active role in DNA methylation and base excision re-
pair systems (25), degeneration of repair mechanisms
may lead to the accumulation of oxidized molecules in
tissues rather than their removal.

Finally, individual variabilities such as genetic
susceptibility might also be associated with lower
8-OHdG/creatinine concentrations in diabetic pa-
tients. The 8-oxoguanine DNA glycosylase (OGG1)
gene encodes the enzyme responsible for excision of
8-oxoguanine base formed by exposure to reactive
oxygen derivatives, and some specific polymorphisms
in this gene may reduce the activity of antioxidant re-
pair mechanisms. In a study by Vodicka et al. (26),
it was revealed that OGG1 Ser326Cys polymorphism
significantly reduced DNA oxidative damage repair
capacity. In another study conducted by Gonul et al.
(27), this gene polymorphism was found to occur more
frequently in diabetic patients than in non-diabetic pa-
tients. This may also stand as an evidence for lower

urinary 8-OHdG concentrations in diabetic patients;
however, gene polymorphisms are not within the scope
of the present study.

In this study, the effect of DTAC on urinary
8-OHAG concentrations was also evaluated. Based on
the outcomes, no significant associations were found
between the urinary 8-OHdG/creatinine ratio and
DTAC, which were estimated using different methods
after being controlled for age, physical activity level,
energy intake, diabetes status, and BMI (Table 4).
These results were similar to those of a study conducted
in Japan (28). There are several possible explanations
why DTAC does not have a positive effect on DNA
damage. First, the effect of DTAC on plasma total an-
tioxidant capacity may not be as high as expected. The
non-enzymatic antioxidant capacity in the circulatory
system can be influenced by various endogenous and
exogenous parameters. Secondly, the activity of an-
tioxidant foods and beverages may vary in the body.
In a systemic meta-analysis study, it was revealed that
plasma non-enzymatic antioxidant capacity increased
with the consumption of foods rich in antioxidants but
not with the beverages rich in antioxidants (29). Com-
pared with other antioxidants such as ascorbic acid,
polyphenols, which are mostly found in beverages such
as green and black tea, have been shown to be absorbed
in lower amounts and have lower plasma concentra-
tions in humans (30). Still, the antioxidant capacity
of tea and coffee was significantly high in databases
composed by Carlsen et al. and Pellegrini et al. (12,14).
Since these databases do not include any information
on bioavailability, the total antioxidant capacity of a
diet may not have a measurable effect on plasma an-
tioxidant concentrations. Some studies considered the
ORAC assay to be a more preferable method because
of its biological relevance to in vivo antioxidant effi-
cacy (31). However, the ORAC method did not have
any significant effect on 8-OHdG concentrations, ei-
ther (Table 4).

To the best of our knowledge, we were the first to
compare the difference in 8-OHdG/creatinine concen-
trations among the newly diagnosed diabetic patients,
formerly diagnosed diabetic patients, and non-
diabetic patients and to evaluate the effect of DTAC on
8-OHdG/creatinine concentrations while controlling
for covariates. However, this study has not been free
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of limitations. First, we determined oxidative damage
based on the 8-OHdG biomarker in urine. It would
have been more accurate if we had evaluated 8-OHdG
concentrations in both urine and tissue samples. In
this way, we could discuss both the concentration of
8-OHdG in tissues and the excreted amounts in urine
and eliminate any possible dysfunctions of excision re-
pair system. Second, diabetic patients were assessed in
two different groups (formerly and newly diagnosed),
according to their age of diabetes onset, with the in-
tention of discussing the long-term effects of diabetes
on oxidative mechanisms. It would have been more
valuable if the effect of complications could have also
been evaluated. Hence, this part may be considered to
be a new topic to focus upon in future studies. Finally,
the sample size used in this study is small; moreover,
to achieve more valid results and provide far-reaching
recommendations, a larger sample size will best serve
the purpose.

In conclusion, our data suggest that there are sig-
nificant differences in DTAC and urinary 8-OHdG/
creatinine concentrations among the formerly diag-
nosed diabetic patients, newly diagnosed patients, and
non-diabetic individuals. Furthermore, dietary antiox-
idant intake did not have a significant effect on urinary
8-OHdG/creatinine ratio. The findings in this study
support that urinary 8-OHdG/creatinine concentra-
tion may not always reflect the current oxidative status
of the body. Because of that, analyzing solely 8-OHdG
excretion, may not be a specific and sensitive method
for evaluating oxidative status of the body. Together
with urinary excretion, analysis of tissue samples may
be considered as a more reliable method. Additionally,
consistent with the previous literature, DTAC values
in diabetic groups was lower than those in the control
group. This may be considered as a risk factor for dis-
ease pathogenesis. Although an optimal dietary intake
level for DTAC to avoid diabetes has not yet been set,
an adequate and balanced diet consisting of foods and
beverages that are rich in antioxidants can be adopted

by both healthy and diabetic individuals.

Declarations of Interest: No potential conflict of interest relevant
to this article was reported by the authors.

Funding information: This study did not receive any specific grant
from funding agency in the public, commercial or not-for-profit
sectors.

Acknowledgments: O. Cetiner, N. Rakicioglu, T. Yalgin, SN. Sen-
dur and M. Bayraktar equally contributed to the conception and
design of the research; O. Cetiner contributed to the acquisition
and analysis of the data; O. Cetiner and N. Rakicioglu contributed
to the interpretation of the data and drafted the manuscript. All
authors critically revised the manuscript, agree to be fully account-
able for ensuring the integrity and accuracy of the work, and read
and approved the final manuscript.

References

1. Rani V, Deep G, Singh RK, Palle K, Yadav UCS. Oxidative
stress and metabolic disorders: Pathogenesis and therapeutic
strategies. Life Sci. 2016;148:183-93.

2. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada
Y, Nakajima Y, et al. Increased oxidative stress in obe-
sity and its impact on metabolic syndrome. J Clin Invest.
2004;114(12):1752-61.

3. Fiorentino TV, Prioletta A, Zuo P, Folli F. Hyperglyce-
mia-induced oxidative stress and its role in diabetes mel-
litus related cardiovascular diseases. Curr Pharm Des.
2013;19(32):5695-703.

4. Yan L-J. Pathogenesis of chronic hyperglycemia: from
reductive stress to oxidative stress. ] Diabetes Res.
2014;2014:1379109.

5. Styskal ], Van Remmen H, Richardson A, Salmon AB. Oxi-
dative stress and diabetes: what can we learn about insulin
resistance from antioxidant mutant mouse models? Free
Radic Biol Med. 2012 Jan 1;52(1):46-58.

6. Yang H, Jin X, Kei Lam CW, Yan SK. Oxidative
stress and diabetes mellitus. Clin Chem Lab Med.
2011;49(11):1773-82.

7. WuLL, 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;339:1-9.

8. Wedick NM, Pan A, Cassidy A, Rimm EB, Sampson L,
Rosner B, et al. Dietary flavonoid intakes and risk of type 2
diabetes in US men and women. Am ] Clin Nutr. 2012 Apr
1;95(4):925-33.

9. Puchau B, Zulet MA, de Echévarri AG, Hermsdorff HHM,
Martinez JA. Dietary Total Antioxidant Capacity: A Novel
Indicator of Diet Quality in Healthy Young Adults. ] Am
Coll Nutr. 2009;28(6):648-56.

10. Bahadoran Z, Golzarand M, Mirmiran P, Shiva N, Azizi
F. Dietary total antioxidant capacity and the occurrence
of metabolic syndrome and its components after a 3-year



Dietary total antioxidant capacity and oxidative stress in patients with type-2 diabetes 11

follow-up in adults: Tehran Lipid and Glucose Study. Nutr
Metab (Lond). 2012;9(1):70.

11. Mancini FR, Affret A, Dow C, Balkau B, Bonnet F,
Boutron-Ruault M-C, et al. Dietary antioxidant capacity
and risk of type 2 diabetes in the large prospective E3N-
EPIC cohort. Diabetologia. 2018;61(2):308-16.

12. Carlsen, M.H., Harvolsen, B.L. Holte, K. et la. The total
antioxidant content of Moore Ethan 3100 foods, bever-
ages, spices, herbs, Ana supplements Led worldwide. Nutr
J. 2010;1-11.

13. Pellegrini N, Serafini M, Salvatore S, Del Rio D, Bianchi
M, Brighenti F. Total antioxidant capacity of spices, dried
fruits, nuts, pulses, cereals and sweets consumed in Italy as-
sessed by three different in vitro assays. Mol Nutr Food Res.
2006;50(11):1030-8.

14. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salva-
tore S, Bianchi M, et al. Total antioxidant capacity of plant
foods, beverages and oils consumed in Italy assessed by three
different in vitro assays. ] Nutr. 2003;133(9):2812-9.

15. Haytowitz D, Bhagwat S. USDA Database for the Oxygen
Radical Absorbance Capacity (ORAC) of Selected Foods,
Release 2. US Dep Agric. 2010;10-48.

16. Agalliu I, Kirsh VA, Kreiger N, Soskolne CL, Rohan
TE. Oxidative balance score and risk of prostate can-
cer: Results from a case-cohort study. Cancer Epidemiol.
2011;35(4):353-61.

17. Kasai H, Svoboda P, Yamasaki S, Kawai K. Simultaneous
determination of 8-hydroxydeoxyguanosine, a marker of ox-
idative stress, and creatinine, a standardization compound,
in urine. Ind Health. 2005;43(2):333-6.

18. Psaltopoulou T, Panagiotakos DB, Pitsavos C, Chrysochoou
C, Detopoulou P, Skoumas J, et al. Dietary antioxidant
capacity is inversely associated with diabetes biomarkers:
The ATTICA study. Nutr Metab Cardiovasc Dis.
2011;21(8):561-7.

19. Verma M, Paneri S, Badi P, Raman PG. Effect of increas-
ing duration of diabetes mellitus type 2 on glycated hemo-
globin and insulin sensitivity. Indian ] Clin Biochem.
2006;21(1):142-6.

20. Dong QY, Cui Y, Chen L, Song J, Sun L. Urinary 8-hy-
droxydeoxyguanosine levels in diabetic retinopathy patients.
Eur ] Ophthalmol.2008;18(1):94-8.

21. Nishikawa T, Sasahara T, Kiritoshi S, Sonoda K, Senokuchi
T, Matsuo T, et al. Evaluation of Urinary 8-Hydroxydeoxy-
Guanosine as a Novel Biomarker of Macrovascular Compli-
cations in Type 2 Diabetes. 2003;26(5): 1507-1512.

22. Choi SW, Ho CK. Antioxidant properties of drugs used in
Type 2 diabetes management: could they contribute to, con-
found or conceal effects of antioxidant therapy? Redox Rep.
2018;23(1):1-24.

23. Blasiak ], Arabski M, Krupa R, Wozniak K, Zadrozny M,
KasznickiJ, et al. DNA damage and repair in type 2 diabetes mel-
litus. Mutat Res Mol Mech Mutagen. 2004;554(1-2):297-304.

24. Szaleczky E, Prechl J, Fehér J, Somogyi A. Alterations in
enzymatic antioxidant defence in diabetes mellitus - a ra-
tional approach. Postgrad Med J. 1999 Jan; 75(879): 13-17

25. Switzeny OJ, Miillner E, Wagner K-H, Brath H, Aumiil-
ler E, Haslberger AG. Vitamin and antioxidant rich diet
increases MLH1 promoter DNA methylation in DMT2
subjects. Clin Epigenetics. 2012;4(1):19.

26. Vodicka P, Stetina R, Polakova V, Tulupova E, Naccarati A,
Vodickova L, et al. Association of DNA repair polymor-
phisms with DNA repair functional outcomes in healthy
human subjects. Carcinogenesis. 2006;28(3):657-64.

27.Gonil N, Kadioglu E, Kocabas NA, Ozkaya M, Karakaya
AE, Karahalil B. The role of GSTM1, GSTT1, GSTP1,
and OGG1 polymorphisms in type 2 diabetes mellitus
risk: A case-control study in a Turkish population. Gene.
2012;505(1):121-7.

28. Kashino I, Li YS, Kawai K, Nanri A, Miki T, Akter S, et
al. Dietary non-enzymatic antioxidant capacity and DNA
damage in a working population. Nutrition. 2018;47:63-8.

29. Lettieri-Barbato D, Tomei F, Sancini A, Morabito G,
Serafini M. Systematic Review with Meta-Analysis Effect
of plant foods and beverages on plasma non-enzymatic an-
tioxidant capacity in human subjects: a meta-analysis. Br J
Nutr. 2013 May;109(9):1544-56

30. Hollman PCH, Cassidy A, Comte B, Heinonen M, Rich-
elle M, Richling E, et al. The Biological Relevance of Di-
rect Antioxidant Effects of Polyphenols for Cardiovascular
Health in Humans Is Not Established. ] Nutr. 2011 May
1;141(5):989S-1009S.

31. Prior RL, Hoang H, Gu L, Wu X, Bacchiocca M, Howard
L, et al. Assays for Hydrophilic and Lipophilic Antioxidant
Capacity (oxygen radical absorbance capacity (ORAC . ))
of Plasma and Other Biological and Food Samples. ] Agric
Food Chem. 2003;51(11):3273-9.

Correspondence

Neslisah Rakicioglu

Hacettepe University Department

of Nutrition and Dietetics, 06100

Sihhiye Ankara/Turkey

Email: neslisah@hacettepe.edu.tr

Second Email: neslisahrakicioglu@gmail.com
+90 (312) 3051094 - 129

06100- Sihhiye Ankara/Turkey



