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ABSTRACT

Objective: Type 1 diabetes mellitus (T1DM) is a widespread metabolic disease, which frequently carries with it a significant impact on human health.
Oxidative damage and tissue inflammation have been claimed to be a typical pathogenic component for the progression of diabetic complications.
We aim in this study to explore the relation of urinary 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG) (as a marker of nucleic acid oxidation) to
microvascular complications in T1DM.

Methods: A case-control study, enrolling 45 T1DM children and an equivalent number of healthy subjects, was performed. Full clinical examination
and anthropometric measurement were performed to all subjects. Urinary assessment for 8-oxodG and albumin was done in addition to blood
sampling for lipid profile and glycated Hb (HbA1c) assay. Complete ocular examination for assessment of diabetic retinopathy (DR) was also done.

Results: Levels of urinary 8-oxodG, serum cholesterol, triglycerides, and low-density lipoprotein in cases were significantly higher than non-diabetics;
these levels were likewise higher in uncontrolled T1DM patients in comparison with well-controlled T1DM subjects. Urinary 8-oxodG and HbAlc
were significantly higher in diabetic patients with albuminuria and DR compared to patients without complications. Significant positive correlation
was found between 8-oxodG with HbAlc (r=0.8, p<0.01), diastolic blood pressure (DBP) (r=0.4, p=0.02), and cholesterol (r=0.4, p=0.05).

Conclusion: Urinary 8-oxodG was found to be a reliable marker for assessing oxidative DNA damage in T1DM and can be used in the determination

of microvascular complications related to diabetes.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is considered one of the most frequent
endocrine diseases in children. These young children confront a long
period of hyperglycemia in their prepubertal years with the danger
of early occurrence of micro- and macrovascular complications [1].
In spite of the fact that complications from T1DM are rare among
children, endothelial dysfunction which is an early pointer of vascular
insufficiency may happen [2,3]. Around 80% of patients with diabetes
die from thrombotic events; 75% of these passings are because of
cardiovascular complications and the rest due to cerebrovascular and
peripheral vascular diseases [4].

The role of oxidative damage in the mechanisms of diabetic hazards was
the focus of interest in the previous years. Expanded levels of markers
of oxidative stress were obvious in the diabetic state, and recent
reviews showed that oxidative stress plays a crucial role in mediating
the pathophysiology of these complications [5,6]. DNA oxidation
marker (8-oxodG) is a novel biomarker that could be used as a marker
of oxidative stress in diabetes. Urinary levels of this biomarker can be
evaluated in urine as a noninvasive technique; this makes it an easier
way for hazard detection and management plan [7,8].

The most frequently measured urinary marker of oxidative stress, and
for diabetic complications in adult (Type 2 diabetes) is 8-OxodG [9],
however, no enough studies focusing on this marker concentration in
diabetic children and adolescents (Type 1). In this study, we aimed to
assess the urinary 8-OHdG diagnostic ability in the identification of
microvascular complications in T1DM.

METHODS

This was a case-control study. 45 diabetic children and adolescents
with T1DM attending Pediatric Diabetic Clinic of Children Hospital, Ain
Shams University, and 45 matched healthy subjects aged 6-16 years
were included. T1DM patients were further subdivided according to
HbA1c into Group I with HbA1C of 8% or less (well-controlled T1DM)
and Group II with HbAlc >8% (poorly controlled T1DM).

Subjects were excluded for any of the following reasons: Presence of
acute infection at the time of testing; medications or hormones (other
than insulin); the presence of known renal disease; or systemic disease
and other chronic or inflammatory disease. After taking a written
informed consent from the parents of children enrolled in the study,
each child was subjected to a complete physical examination, a detailed
medical history, and anthropometric measurements. Their weight was
measured using a digital scale (Seca, Hamburg, Germany) to the nearest
0.1 kg with the children dressed in minimal clothes and without shoes.
Their height was measured using a Seca 225 stadiometer to the nearest
0.1 cm [10]. The body mass index (BMI) was calculated as the weight
(kg) divided by the height (m) squared. Weight, height, and BMI standard
deviation score (SDS) were assessed using the new WHO reference [11].
Blood pressure (BP) was measured by a sphygmomanometer (Accoson,
London, UK) as the mean of two measurements. BP (SDS) was
determined using the German references [12].

About 3 ml of venous blood samples after an 8 hrs fasting were
collected from each subject in sterile plain vacutainer tubes. Blood on
the plain tubes was allowed to clot for 30 minutes, and then centrifuged
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at 3000x g for 10 minutes then the serum was separated and frozen at
-20°C until the time of assay to avoid erroneous results from repeated
freeze/thaw cycles. Total cholesterol and triglyceride and high-density
lipoprotein (HDL) were determined using colorimetric techniques
on Synchron Cx7 (Beckman Instruments Inc., California, USA). Low-
density lipoprotein (LDL) cholesterol was measured by Friedwald et al.
formula [13]. Fasting blood glucose level was performed on automated
clinical chemistry analyzer (OLYMPUS AU400).

Early morning urine samples were collected, centrifuged at
3000x g for 10 minutes as any precipitation may affect analysis of
albumin in urine, and then the supernatant was stored at -20°C till
albumin and creatinine measurement, as a variations in urine flow
rate are corrected by expressing albumin as a ratio to creatinine (mg
albumin/gram creatinine) where values <30 is normal, 30-300 there is
microalbuminuria, >300 show macroalbuminuria.

Albumin in urine was performed on a spectrophotometer (BioSystems
BTS-302) using BioSystems Kkit (BioSystem S.A. Costa Brava,
30.08030 Barcelona [Spain]). Creatinine in urine was measured on a
spectrophotometer (BioSystems BTS-302) using BIODIAGNOSTIC kit
(colorimetric Kinetic Method) [14].

Human 8-oxo 7.8 dihydro-2deoxyguanisine was assayed in urine using
human 8-oxo 7.8 dihydro-2deoxyguanisine ELISA kit, Kono Biotech Co.,
Ltd. The result was expressed as a ratio to urinary creatinine to correct
the variation in urinary flow.

Diabetic retinopathy (DR) was diagnosed by doing complete ocular
examination including visual field testing, slit-lamp biomicroscopy, and
indirect ophthalmoscopy. Fundus examination was performed through
dilated pupils using 90-diopter Volk lens and biomicroscope. The
presence and grading of DR were based on the International clinical DR
and macular edema disease severity scale [15].

Statistical analyses

Data entry was carried on excel sheet, and statistical analysis was
performed using SPSS software program version 18.0 (IBM, Chicago, IL,
USA). Data were analyzed, characteristics of the sample were presented;
mean and standard deviation were estimated as regarding age, BMI
(SDS), systolic and diastolic BP (SDS), the level of HbA1C, cholesterol,
triglyceride, and level of 8-oxodG. On the other hand, numbers and
percentages were calculated as regard sex distribution and presence
of albuminuria. Chi-square was done for comparison of qualitative
data that presented by numbers and percentages, t-test was done for
comparison between two means, and Pearson Correlation was done
for relations between two quantitative variables. Linear regression
analysis was performed to predict risk factors significantly associated
with increased level of 8-oxodG. p value was considered statistically
significant when p<0.05 and considered statistically highly significant
when its value was <0.01.

RESULTS

A total of 90 children were recruited in our study: 44 Type 1 diabetic
children and an equal number of healthy children as controls.
Demographic and laboratory data of studied cases are shown in Table 1.

There was no difference between cases and controls regarding age or
gender. Mean levels of urinary 8-oxodG, serum cholesterol, triglycerides
(TG), LDL and as expected, HbAlc, showed a significant increase in
T1DM children compared to control. Meanwhile, the mean value of
anthropometric measurements was indifferent between the two groups
(Table 1). 26% of patients had albuminuria with a mean duration of
illness of 8.2 years.

Uncontrolled T1DM patients had higher diastolic BP (DBP) SDS, urinary
8-0x0dG, serum cholesterol, TG and LDL levels compared to the well-
controlled diabetic group. Albuminuria, measured in mg/gm creatinine,
was also higher in poorly controlled patients (Table 2).
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Table 3 shows that diabetic children with albuminuria had higher levels
of urinary 8-oxodG, HbA c and higher values of DBP (SDS) compared to
non-albuminuric patients, while no difference in levels of lipid profile
or anthropometric measurements was found regarding the presence
of albuminuria. Urinary 8-oxodG levels were also found to be higher in
cases diagnosed with retinopathy compared to other cases (Fig. 1).

Correlation analysis between urinary 8-oxodG and lipid profile, BM],
BP (SDS), glycated Hb, duration of illness in diabetic children revealed
positive association between 8-oxodG with DBP (SDS) (r=0.4, p=0.02),
glycated Hb (r=0.8, p<0.001) (Fig. 2), and serum cholesterol (r=0.4
p=0.05). There was no significant correlation between 8-oxodG and
other parameters. Significant positive correlations were also found
between DBP (SDS) and duration of diabetes (r=0.4, p=0.05) and HbA1c
(r=0.5, p=0.02).

Linear regression analysis was applied to recognize factors influencing
8-oxodG serum levels. HbAlc was found to be the most effective factor
predicting the level of urinary 8-oxodG followed by DBP and serum
cholesterol (Table 4).

Table 1: Baseline characteristics and biochemical parameters of

the studied population
Variables Mean*SD p value
Cases n=45 Control n=45

Age (years) 10.1+3.4 10.4+3.4 0.7
Sexn (%)

Male 20 (44.4) 21 (46.6) 0.2

Female 25 (55.6) 24 (53.4)
Weight 0.05+1.1 -0.4+1 0.1
Height -0.6x1.4 -.05£1.3 0.8
BMI 0.6+1.1 1.1+0.6 0.4
DBP 1.0+£0.6 0.4+0.6 <0.01**
SDS 0.9+0.8 0.1+0.8 <0.01**
Glycated Hb 8.9+2.5 5.3+0.4 <0.01**
TG (mg/dl) 156.8+18.9 72.5+7.1 <0.01**
Cholesterol (mg/dl) 234.8+35.3 139.3+£16.5 <0.01**
HDL (mg/dl) 27.6+6.8 52.3+4.4 <0.01**
LDL (mg/dl) 175.8+£25.5 72.4+18.3 <0.01**
8-ox0dG (ng/mg 548.1+432.2 205+109.3 <0.01**
creatinine)

**p<0.01 is highly significant, DBP: Diastolic blood pressure, BMI: Body
mass index, SDS: Standard deviation score, LDL: Low-density lipoprotein,
HDL: High-density lipoprotein, TG: Triglycerides

Table 2: Clinical and laboratory characteristics of Type 1
diabetic patients as regard diabetic control

Characteristics MeanzSD p value
HbA1C<8 HbA1C>8
n=15 n=30
Weight -0.6+0.7 0.4+1.2 0.02
Height -0.8+1.3 -0.4£1.5 0.5
BMI 0+0.6 0.8+1.2 0.5
SDS 0.7+0.2 0.9+0.4 0.3
DBS 0.6%0.5 1.1+0.6 0.03*
TG (mg/dl) 144.5+20 163+15.5 0.00**
Cholesterol (mg/dl) 211.6%34.2 246.4+30.4 0.00%*
HDL (mg/dl) 24.6£5 29.1+7 0.1
LDL (mg/dl) 158+26 184+20.6 0.005**
8-0x0dG (ng/mg 235.5£170.5 704.5+440.7 0.003**
creatinine)
Albuminuria (mg/g 12.13+0.23 54.16+40.22 0.04*
creatinine)

*p<0.05 is significant, **p<0.01 is highly significant, DBP: Diastolic blood
pressure, BMI: Body mass index, SDS: Standard deviation score, LDL:
Low-density lipoprotein, HDL: High-density lipoprotein, *p<0.05 is significant,
**p<0.01 is highly significant, SD: Standard deviation, TG: Triglycerides

319



El Wakeel et al.

Table 3: Clinical and laboratory characteristics of Type 1
diabetic patients as regard presence of albuminuria

Characteristics Mean*SD p value
Absent Present
n=33 n=12
SDS 0.7+0.3 1.1+£0.7 0.3
DBP 0.5+0.2 1.1+0.6 0.03*
TG (mg/dl) 158+21.1 153.4+11.4 0.6
Cholesterol (mg/dl) 236.6+39.4 229.7+21.5 0.6
HDL (mg/dl) 28.8+7.4 24.5+4.1 0.1
LDL (mg/dl) 176.3+28.6 174.5+155 0.8
8-0x0dG (ng/mg creatinine)  95.0+6.4 411.54349.5 0.002**
HbA1C (%) 8.3 10.4 0.001**

*p<0.05 is significant, **p<0.01 is highly significant, DBP: Diastolic
blood pressure, BMI: Body mass index, SDS: Standard deviation score,
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides

Table 4: Linear regression analysis shows predictive factors for
high levels of urinary 8-0xodG in diabetic children

Model Unstandardized Standardized t p value

coefficients coefficients

B Standard  Beta

error

Glycated Hb 6.7 2.1 0.7 53 0.001**
TG 0.7 0.4 0.2 1.2 01
Cholesterol 0.3 0.2 0.1 1.9 0.05*
LDL 1.3 0.8 0.3 1.1 0.09
HDL 1.7 0.9 0.8 1.0 0.1
BMI (SDS) 5.1 3.1 0.4 1.5 0.08
SBP (SDS) 3.8 2.1 0.8 1.7 0.07
DBP (SDS) 8.6 3.7 0.9 2.5 0.02*

Dependent Variable: urinary 8-oxodG. Entered factors are: age, Glycated Hb,
LDL, HDL, Cholesterol, TG, Body mass index (SDS), systolic blood pressure
(SDS), diastolic blood pressure (SDS). *p<0.05 is significant, **p<0.01 is highly
significant

DISCUSSION

With the expansion of the incidence rate of diabetes, more research
is expected to be done to study its pathogenic mechanism and locate
the applicable management. Despite the complexity of mechanisms
underlying diabetes and its complications, oxidative stress gives a new
sight [16]. Oxidative stress is defined as a disturbance of the balance
between production and detoxification of reactive oxygen resulting
in failure to repair the subsequent damage. This disturbance can lead
to harmful impacts through the formation of reactive oxygen species
(ROS) leading to disruption of cellular components including nucleic
acids, lipids, and proteins [17,18].

Urinary 8-oxodG level was found to be higher in diabetic children
in comparison to control in our study. Similar results were found in
Chinese study performed on Type 2 diabetic patients, where urinary
concentrations of 8-oxodG were obviously higher compared to
healthy controls [19]. Levels of urinary 8-oxodG were also positively
associated with HbAlc as these levels were significantly higher in
uncontrolled T1DM patients (HbAlc 28) compared to controlled
patients (HbAlc <8) this was confirmed when a linear regression
was applied to predict factors influencing urinary levels of 8-oxodG
and finding that HbAlc is the most affecting factor. This comes in
agreement with results of the previous studies showing that poor
glycemic control is one of the most important factors that lead
to oxidative DNA damage [20,21]. Similarly, Dong et al. showed a
significant correlation between urinary 8-oxodG and glycated Hb in
the T1DM patients (r=0.53) [19]. These findings can be explained
by increased formation of ROS that can lead to the development
of multiple DNA lesions; (8-oxodG) is one of the most broadly
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Fig. 2: Correlation between urinary 8-oxodG and diastolic blood
pressure (standard deviation score)

examined lesions. The repair products of these lesions are excreted
in urine [22]. 8-0xodG was tested in urine rather than in blood, which
was explained by the following three reasons. First, blood levels of
8-0x0dG were mostly determined by the kidney function, and when
different cases were compared, they were unlikely to give accurate
data about oxidative anxiety. Furthermore, urine contained a larger
amount of oxidized guanosine than blood, hence giving a higher
accuracy [23]. Third, the urine sample was obtained noninvasively
and more easily than blood.

Diabetic children also have elevated lipid profile (TG, LDL, and
cholesterol) and BP (SBP, and DBP) compared to controls. These
results coincide with the previous data which proved that BP and
lipid profile are elevated in diabetic children with the presence of
positive correlation between DBP with diabetes duration and HbAlc
levels [24-26]. The possible relationship between these factors and
urinary 8-oxodG had been discussed in only a few studies. Current
study findings showed a positive correlation between urinary 8-oxodG
and both DBP (SDS) and serum cholesterol. This matches Hinokio et al.
findings of increased urinary 8-oxodG levels in hypertensive diabetic
patients in comparison to normotensive ones [27]. In the contrary,
no significant association was found between urinary 8-oxodG and
hypertension in other studies [21,28].

In addition, we found higher urinary 8-oxodG levels in diabetic patients
with microalbuminuria in comparison with non-albuminuric patients.
Similar results were observed in the previous studies with two-fold
higher levels of 8-oxodG in diabetic patients with microalbuminuria
compared to T1DM patients with no albumin in urine [28,29]. This
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can be explained by the positive association between tubulointerstitial
and glomerular injury caused by diabetic state and urinary 8-oxodG
excretion [30].

Diabetic patients in this study underwent full ocular examination, and
those who were diagnosed with DR had significantly elevated urinary
8-oxodG concentrations compared to those with no retinopathy. This
comes in agreement with results of the previous works that assessed
the relationship between the degree of retinal affection in diabetic
patients and their urinary levels of 8-oxodG [31].

Again, we canrefer the previous diabetic microvascular complications
to the oxidative damage that happens when the ROS level overpowers
defensive mechanisms, leading to a cellular imbalance between
pro- and antioxidant factors [32]. Elevated levels of oxidation
markers such as 8-oxodG most likely prompt to strand breaks and
oxidative base changes; and multiple signaling pathways that may
likewise add to the unfavorable impacts of glucotoxicity on cellular
functions [33,34].

DNA oxidation can lead to microvascular complications of diabetes
through different mechanisms; the most important of them is the
induction of cell senescence via either telomeric or non-telomeric DNA
damage [35]. This senescence leads to vasculopathy and atherosclerosis
and finally the clinical signs of the vascular complications observed in
diabetes [36].

In summary, this study demonstrated significantly higher levels of
oxidative DNA damage in patients with Type 1 diabetes compared
with healthy control subjects, and that Type 1 diabetes patients with
complications have increased urinary 8-oxodG excretion compared
with those without complications. We propose the role for 8-oxodG as a
molecular mechanism contributing to the microvascular complications
of Type 1 diabetes. Further studies ought to be initiated to assess the
potential clinical applications of 8-oxodG as a biomarker in diabetes
that could be used for risk stratification, progressive course, selection of
appropriate therapeutic intervention, and the monitoring of response
to therapy.
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