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Oxidative stress, capable of eliciting damage to various
biomolecules including DNA, is a recognized component
of diabetes mellitus and its complications. Metabolic
syndrome (MetS) is associated with the development of
type 2 diabetes mellitus (T2DM), as well as other unfavorable outcomes. The aim of this study was to elucidate
the role of oxidative stress in the development of T2DM,
by investigating association of oxidative DNA damage
with metabolic parameters in subjects with MetS and
early T2DM. Selected anthropometric and biochemical
parameters of MetS, inflammation and oxidative DNA
damage: body mass index (BMI), fatty liver index (FLI),
waist circumference (WC), total cholesterol, HDL and
LDL-cholesterol, gamma-glutamyl transpeptidase (GGT),
uric acid, C-reactive protein (CRP), total leukocyte/neutrophil count, and urinary 8-hidroxy-deoxyguanosine
(u-8-OHdG) were assessed in male subjects with MetS
and both younger (≤55 years) and older (>55 years)
subjects with T2DM of short duration without complications. BMI, FLI, WC, total and LDL-cholesterol and uric
acid were higher, while the u-8-OHdG was lower in MetS
group, when compared to older T2DM subjects. None of
these parameters were different neither between MetS
and younger T2DM, nor between two sub-groups of
subjects with T2DM. Values of CRP, HDL-cholesterol, triglycerides, GGT, leukocytes and neutrophils were not different between all examined groups of subjects. Higher
8-OHdG in older subjects with T2DM suggests that both
aging process and diabetes could contribute to the development of DNA damage. Oxidative DNA damage cannot serve as an universal early marker of T2DM.
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INTRODUCTION

Although oxidative stress (OS) is considered to be a
recognized component of metabolic syndrome (MetS),

there are many unanswered questions about its role
in the pathogenesis and progression of the associated
complications (Roberts & Sindhu, 2009; Rochette et al.,
2014). Type 2 diabetes mellitus (T2DM) is one of the
most prevalent complications of metabolic syndrome, as
well as the condition of elevated oxidative stress, resulting from both increased production of reactive oxygen
species (ROS) and disturbed antioxidant defence system
(Rochette et al., 2014).
ROS are intrinsically generated as by-products of normal aerobic metabolism and inflammatory/immune response to various challenges (Valko et al., 2007). Exposure to the external sources of ROS, such as radiation,
environmental pollutants and toxins, also contributes to
oxidative stress capable of inflicting irreversible damage
to biomolecules (4). The increased production of ROS
activates various mechanisms of defence and repair of
oxidative damage (Valko et al., 2007, Halliwell & Gutteridge, 2015). Unreparably damaged proteins and lipids
can be replaced by de novo synthesis, as long as their coding DNA is intact. However, oxidative damage to DNA,
if not repaired, may seriously compromise the cell-function (Erol, 2010; Halliwell & Gutteridge, 2015).
The role of oxidatively modified DNA has been implicated in a wide range of human pathology: cancer,
diabetes, arteriosclerosis and neurodegenerative diseases
being among the most prominent examples (Jackson &
Bartek, 2009). DNA integrity is protected from oxidative damage by a multitude of mechanisms, including
structure-specific features, assembly with histones and
specific localization within the cell-core. Apart from this,
the cell is equipped with a variety of effective repairing
mechanisms, such as base excision repair and nucletoide
excision, dedicated to coping with oxidative damage to
DNA (Jackson & Bartek, 2009). In order to prevent
DNA damage, oxidized nucleobases are excised and
eliminated from the cellular pool.
In comparison to other bases, due to the lowest redox potential, guanine is the most sensitive to oxidation
by reactive oxygen species (ROS) (Poulsen et al., 2014).
8-hydroxy-2’-deoxyguanosine (8-OHdG) and its 8-oxotautomer (8-oxo-7,8-dihydro-2′-deoxyguanosine, abbreviated 8-oxodG), a nucleoside generated by the guanine
oxidation, has been so far the most extensively studied
biomarkers of oxidative DNA damage in humans. Urinary 8-OHdG is generally considered to be a reliable
and non-invasive marker of general intracellular oxidative
stress, provided that confounding biological and analyti-
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cal variations have been appropriately adressed (Loft et
al, 2012; Poulsen et al., 2014).
Evidence collected so far on the oxidative damage to
DNA in subjects with metabolic syndrome and diabetes mellitus provided conflicting results. Either elevated,
unchanged or decreased levels of oxidative DNA were
found in MetS (Demirbag et al., 2006; Song et al., 2007;
Milić et al., 2013), but these studies investigated different
biomarkers of DNA oxidation in diverse study-populations with various degree and duration of MetS. Thus,
the question of whether oxidative damage to DNA precedes, follows or develops simultaneously with metabolic
syndrome remained unanswered.
As regards diabetes, elevated u-8-OHdG levelwas reported in both T1DM and T2DM patients with poorly
regulated glycaemia, and its predictive value regarding
micro-and macrovascular complications was suggested (Broedbaek et al., 2011). However, evidence on the
oxidative DNA damage in T2DM patients with a short
duration of disease and the absence of complications is
scarce, and its possible association with the progression
of T2DM from MetS has not been adressed so far.
In this study, we aimed to assess oxidative DNA damage, as measured by u-8-OHdG in subjects with recently
diagnosed type 2 diabetes mellitus (T2DM), in comparison to otherwise healthy individuals with metabolic syndrome (MetS), in order to test the hypothesis that oxidative DNA damage could be a marker of progression of
T2DM from MetS.
SUBJECTS AND METHODS

Subjects. The study was conducted in Zagreb, Croatia, during the years 2012–2013. The subjects with MetS
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were 51 consecutively recruited Caucasian non-smoker
males (age range: 43–50 years) who had annual medical checkup in an internal medicine outpatient department. Metabolic syndrome was diagnosed according to
the National Cholesterol 101 Education Program-Adult
Treatment Panel III (NCEP-ATP III) guidelines (Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults, 2001). The exclusion criteria for MetS group were: previous diagnose of diabetes
mellitus, heart failure, liver and kidney disease, malignancies, autoimmune disorders as well as recent surgery and
acute inflammation/infection.
Patients with T2DM (N=55) were recruited at the diabetes outpatient department among male non-smokers at
their regular annual examination. The inclusion criteria
were: age < 62 years, male gender, diabetes duration < 5
years, HbA1c < 8.0% (63.9 mmol/mol), normal albumin
excretion rate (expressed as albumin/creatinine ratio < 3
mg/mmol) and the absence of micro-and macro-vascular complications at physical examination. Patients with
a history of cardiovascular incidents, heart failure, liver
and kidney disease, recent surgery, acute inflammation/
infection, malignancy or autoimmune diseases were not
included in this study.
Methods. Blood was drawn and spot urine-samples
collected from all subjects in the morning, after an overnight fasting (at least 8 hours). Routine biochemistry and
hematology work-up was carried out within 8 hours and
urine samples for u-8-OHdG measurement were aliquoted and frozen (–70°C) until analysed (within 6 months
from collection). Laboratory analyses were performed
in the clinical laboratory acredited according to a recognized international standard „ISO 15189:2012-Medical laboratories – Requirements for quality and competence“.

Table 1. Variables analyzed in the non-diabetic MetS and two groups of diabetic subjects – ≤55 years and >55 years. Data are presented as median and interquartile range (in parentheses).
Variable
Age (years)
Urinary 8-OHdg (μg/
mmol creatinine)
Uric acid (μmol/L)
GGT (U/L)

Group1
MetS
(n=51)

Group 2
T2DM≤55 years
(n=22)

Group 3
T2DM>55 years
(n=33)

P-value
Kruskal-Wallis
test

P-value1
Group 1 vs.
Group 2

P-value1
Group 1 vs.
Group 3

P-value1
Group 2 vs.
Group 3

47 (43-50)

50 (46-53)

59 (56-61)

<0.001

0.631

<0.001

<0.001

0.42 (0.15-0.90)

0.69 (0.58-0.86)

0.88 (0.69-1.05)

0.009

0.637

0.006

0.529

403 (351-459)

373 (280-408)

334 (293-377)

0.001

0.084

0.001

1.000

42 (30-73)

47 (28-65)

30 (23-63.5)

0.118

1.000

0.132

0.471

Total cholesterol
(mmol/L)

5.8 (5.1-6.5)

5.5 (4.6-6.0)

4.7 (3.9-5.6)

0.002

0.536

0.001

0.307

HDL cholesterol
(mmol/L)

1.17(1.06-1.38)

1.05 (0.94-1.30)

1.14 (0.92-1.31)

0.209

0.288

0.775

1.000

LDL cholesterol
(mmol/L)

3.60(3.20-4.50)

3.05 (2.51-4.11)

2.69 (1.91-3.22)

<0.001

0.273

<0.001

0.409

Triglycerides
(mmol/L)

2.23 (1.69-3.51)

2.92 (1.48-4.80)

2.05 (1.37-2.85)

0.065

0.753

0.385

0.065

2.3 (1.2-3.8)

2.5 (0.8-4.9)

1.5 (0.8-3.1)

0.211

1.000

0.253

0.739

Leukocytes (10 /L)

6.7 (6.0-8.1)

7.0 (6.4-7.6)

7.5 (5.5-8.4)

1.000

1.000

1.000

1.000

Neutrophils (109/L)

3.7 (2.8-4.7)

3.8 (3.3-4.3)

4.3 (3.2-4.9)

0.362

1.000

0.464

1.000

Body mass index

31.4 (30.0-34.8)

32.0 (29.3-32.9)

29.9 (26.9-32.8)

0.021

0.537

0.018

0.251

Fatty liver index

92.2 (80.8-96.8)

91.5 (78.0-95.0)

78 (50.0-89.0)

0.003

1.000

0.002

0.080

108 (104-116)

106.5 (101-113)

101.66 (97-105.5)

<0.001

0.373

0.002

0.061

53.0 (44.0-59.0)

56.0 (49.0-66.0)

CRP (mg/L)
9

Waist circumference
(cm)
HbA1c (mmol/mol) 2

0.230

MetS=metabolic syndrome, T2DM=type 2 diabetes mellitus, GGT=gamma-glutamyl transpeptidase CRP=C-reactive protein Mann-Whitney U-test
with Bonferonni correction for multiple comparison. 2HbA1c was not measured in MetS group
1
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Fatty liver index (FLI) was calculated with the formula
proposed by Bedogni et al. (Bedogni et al., 2006).
U-8-OHdG was measured by the competitive ELISA-method (New 8-OHdG Check, Japan Institute for
the Control of Ageing, JaiCA, Shizuoka, Japan), with
declared assay-range of 0.5–200 ng/mL and improved
specificity (Evans et al., 2008). On the day of analysis, frozen urine samples were thawed in a water-bath
(37°C), vortexed, centrifuged (10 min, 3000 rpm) and
u-8-OHdG assayed immediately according to the manufacurer’s instructions. Urinary creatinine was measured in
the same samples with a compensated colorimetric Jaffe
procedure (AU680 Analyser, Beckman Coulter, Brea,
USA). Results were normalized to the creatinine concentration by the formula:
u-8-OHdG/creatinine (mg/mmol)=u-8-OHdG (mg/L)/
u-creatinine (mmol/L)

Statistical analysis. Statistical testing was based on
Kruskal-Wallis and Mann-Whitney U-test with Bonferroni correction for multiple comparison. All applied
procedures were two-tailed. The differences discussed
in this paper were considered significant at the p < 0.05
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level. Statistica for Windows was used for data analysis
and plotting (StatSoft, Inc. (2007). STATISTICA (data
analysis software system), version 8.0. Tulsa, Oklahoma,
USA. www.statsoft.com).
Ethical aspects. The study was approved by the institutional Ethics Committee. A written informed consent was obtained from all the participants.
RESULTS

The results of the measured parameters are presented
in Table 1. Data are presented as medians and interquartile range (first quartile vs. third quartile), and plotted using box-and-whisker method. Because the T2DM subjects were overall older than those with MetS, we divided T2DM subjects into two sub-groups: first sub-group
with subjects 55 years old and younger (T2DM ≤ 55)
and second sub-group with subjects older than 55 years
(T2DM > 55).
The level of serum uric acid, total cholesterol, LDLcholesterol, BMI, WC and FLI were significantly higher in MetS group, compared to T2DM > 55 group. No

Figure 1. The difference in metabolic parameters between three groups of subjects:
(I) The waist circumference (p=0.001), (II) serum uric acid (p=0.001), (III) body mass index (p=0.021), and (IV) fatty liver index (p=0.003)
of the MetS group, group of T2DM subjects ≤ 55 years and group of T2DM subjects > 55 years. Data are presented as box-and-whisker
plots. The presented parameters were higher in MetS group, compared to T2DM > 55 years group.
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jects (Bukhari et al., 2015), while Løhr et
al found association of oxidative DNA
damage with age in women, but not in
men (Løhr et al., 2015). This association however, disappeared in multivariate
models, and the authors concluded that
relationship between DNA damage and
age appeared to be mediated by age-related increases in metabolic risk factors.
Li and coworkers (2013) recently reported on an age-dependent increase
in markers of oxidative DNA damage
in diabetic animals. To the best of our
knowledge, this is the first study addressing the issue of oxidative DNA damage
at an early stage of T2DM in patients
without micro- and macrovascular complications. It is plausible to speculate that
the greater DNA damage in older T2DM
subjects could be a consequence of older age and weaker antioxidative mechanisms, while younger T2DM subjects
Figure 2. The level of u-8-OHdG of the MetS group, group of T2DM subjects ≤55
years and group of T2DM subjects >55 years.
may maintain sufficient level of protecData are presented as box-and-whisker plots. The level of u-8-OHdG was higher
tive mechanisms towards DNA damage
T2DM>55 years group, compared to MetS group. p=0.009; Kruskal-Wallis test.
caused by factors associated with ageing
and/or T2DM. Even though diabetes
significant difference in these parameters was observed
duration
was
not
different between younger and older
between MetS and T2DM≤55, and T2DM>55 and
T2DM≤55, respectively. Figure 1 shows WC, uric acid, T2DM subjects, long period of undiagnosed asymptoBMI and FLI values in the three groups of study sub- matic illness is not uncommon in diabetes (IDF Diabetes
Atlas, 2015). Thus, possible longer exposure to hyperglyjects.
Other parameters (gamma-glutamyl transpeptidase- caemia in older T2DM subjects should not be entirely
GGT, leukocyte count, neutrophil count, CRP) did ruled out as the reason for greater DNA damage. Hownot differ between all three groups, as did not diabe- ever, the same vagueness might equally be expected in a
tes duration and HbA1c between T2DM≤55 years and younger population of T2DM. Furthermore, lower FLI
and WC in older T2DM subjects, implicate rather later
T2DM>55 years subjects (Table 1).
The normalized levels of 8-OHdG/creatinine were onset of diabetes, possibly due to healthier eating and
higher only in subjects with T2DM>55 years compared lifestyle habits with a consequence of decreased amount
to those with MetS, while no difference was found when of adipose tissue.
Interestingly, although older subjects with T2DM had
compared to T2DM≤55 years and between T2DM subgroups, respectively (presented as box-whisker plot, greater oxidative DNA damage, neither of the paremeters of OS and inflammation, which are recognized comFig. 2).
ponents of MetS, was higher compared to the other two
groups. The uric acid level was higher in subjects with
DISCUSSION
MetS, compared to older T2DM subjects. Uric acid is
both marker of MetS and OS, since higher levels of uric
Our study, conducted in a complication-free cohort acid are associated with cardiovascular diseases and genof type 2 diabetic patients, revealed an age-dependent eration of uric acid by xanthin-oxidoreductase is associincrease in u-8-OHdG when compared to subjects with ated with production of ROS (Feig et al., 2008). Higher
metabolic syndrome. This is consistent with our previous level of uric acid is linked with greater amount of abresearch, where no increase of DNA-damage on system- dominal adipose tissue (Takahashi et al., 1997) and our
ic level between younger subjects with MetS and healthy MetS subjects had greater WC and BMI. The role of
non-MetS controls was demonstrated (Milić et al., 2013).
uric acid in OS is contradictory; it is considered as an
The systemic level of OS increases with age (Soares antioxidant by some authors, as the scavenger of ROS,
et al., 2014) and DM (Broedbaek et al., 2011). Also, both whereas in other circumstances, such as atherosclerotT2DM (Blasiak et al., 2004) and older age (Loft et al., ic and prooxidant environment, it exhibits prooxidant
2012; Soares et al., 2014) were identified as factors as- properties (Hayden & Tyagi, 2004).
sociated with impaired ability for repairing DNA from
While higher level of urates in might implicate an inoxidative damage. In general, increased DNA damage is creased oxidative stress in MetS, the complex nature of
associated with older age, according to majority of, but OS, with many intertwining factors, precludes simple
not to all studies (Soares et al., 2014).
conclusions based on an isolated parameter differences
The reason for the inconsistent results could be het- (Bashan et al., 2009). On the other hand, lower u-8-OHerogeneity of study populations regarding gender, age, dG in MetS may be associated with the maintained prostage of illness, presence of complications, as well as tective antioxidant machinery, whereby uric acid was reanalytical and statistical methodology. Majority of stud- cently evidenced to play an important role in vivo (Vučić
ies reporting on a greater DNA damage in MetS and et al., 2015).
T2DM were done with subjects of both genders (Song
Similar as in the study of Al Aubaidy & Jelinek (Al
et al., 2007; Broedbaek et al., 2011). Bukhari et al recently Aubaidy & Jelinek, 2011), the LDL level was lower in
reported on both gender and age as significant deter- patients with T2DM, which probably resulted as a conminants of the level of DNA damage in diabetic sub- sequence of preventive treatment of T2DM subjects
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with statins. Neither of our MetS subjects received treatment with statins at the time of the study.
Despite lower risk factors (BMI, WC, FLI, uric acid
level), older T2DM subjects had higher level of u-8-OHdG, implicating age and possibly hyperglycaemia, rather
than factors generally associated with MetS (e.g. quantity of adipose tissue, FLI) as key-determinants of DNA
damage in diabetes. In contrast with our results, Rytter
and al. found BMI and WC to be significantly associated
with higher level of oxidative DNA damage, but lacked
to find association of DNA damage with glycaemic control (Rytter et al., 2009). Other authors found association
of DNA damage with glycemic control (Dincer et al.,
2002; Brodbaek et al., 2006; ). We found no relationship
between u-8-OHdG and level of glycaemia in diabetic
subjects, probably due to the study design. Diabetic patients enrolled for our study had fair glycaemic control
and there was no difference in HbA1c between older
and younger T2DM subjects (Table 1).
Our study had several limitations. In order to ensure
homogeneity of population, and avoid gender-associated
differences in MetS, we decided to investigate only male
subjects. Also, we did not examine DNA damage in subjects with MetS older than 55 years. T2DM pateints were
regularly treated, educated and followed-up in outpatient
diabetological department, which was not the case with
MetS subjects, who were on a single medical checkup.
Differences in subjects handling may influenced anthropometric measures, particularly WC and BMI. A lack of
non-MetS, non-T2DM control group may be considered
as another limitation, however the aim of our study was
to test the hypothesis that oxidative DNA damage could
be a marker of progression of T2DM from MetS, and
the differences between healthy and diabetic, as well
as MetS subjects have already been evidenced. Finally,
cross-sectional design of the study did not allow an insight in the temporal relationship between MetS, T2DM
and oxidative DNA damage.
CONCLUSION

According to the results of our study, T2DM of short
duration and fair glycaemic control in younger patients
is not associated with an increased oxidative DNA damage, when compared to age-matched subjects with MetS.
Thus, DNA damage could not serve as a marker for
early stage of T2DM. Significantly higher u-8-OHdG in
older patients with T2DM was found, but no link to the
specific biochemical and anthropometric indices of MetS
was determined.
Inspite of the limitations, our study, conducted in a
complication-free cohort of T2DM diabetes of short duration, for the first time revealed an age-dependent increase in u-8-OHdG when compared to subjects with
metabolic syndrome, suggesting that both aging process
and diabetes could contribute to the development of
oxidative DNA-damage. Further research is needed to
elucidate the role of oxidative DNA damage in the progression of diabetes and evaluate possible interventions
towards preventing its detrimental consequences and improving patient outcomes.
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