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KEYWORDS Abstract Background and aims: To gain insight into the extent of oxidative stress and DNA dam-
8-Hydroxy-2'- age in diabetic kidney disease (DKD), a serious complication of diabetes, we compared the levels
deoxyguanosine; of the oxidative stress-related metabolite 8-hydroxy-2’-deoxyguanosine (8-OHdG) in a case-
Oxidative stress; control study accurately matching diabetic patients with and without renal complications.

Type-2 diabetes; Methods and results: We analyzed serum 8-OHdG in relation to clinical indicators of kidney func-
Diabetic kidney tion in a group of type-2 diabetes patients including 33 patients with DKD and 33 without DKD.
disease Circulating levels of 8-OHdG were higher in patients with DKD than in those without (4.6 +

0.7 ng/mL vs 4.0 + 0.8 ng/mL, p = 0.002). In a logistic regression analysis adjusting for potential
confounders, 8-OHdG was associated with DKD (OR: 2.90, 95%Cl:1.15-7.34; p = 0.02) and in a
linear regression model, a 1 ng/mL increase of this biomarker entailed a reduction of 11.5 mL/
min/1.73 m? in the renal filtration rate. Furthermore, an interaction analysis showed that gly-
cated hemoglobin was a modifier of the relationship between 8-OHdG and study outcomes (p
for effect modification = 0.02).

Conclusion: This study supports the role of oxidative stress in the pathogenesis of diabetic ne-
phropathy and highlights the potential of serum 8-OHdG as a biomarker for assessing oxidative
stress and DNA damage in patients with diabetes and renal complications.
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1. Introduction

Diabetes is a chronic condition characterized by hyper-
glycemia, which engenders various complications, among
which chronic kidney disease is one of the most con-
cerning [1]. Oxidative stress, caused by an imbalance be-
tween free radicals and antioxidants in the body, plays a
crucial role in the pathogenesis of diabetes and the
development of its complications [2,3]. An excess of free
radicals damages cells by affecting the structure and
function of lipids, proteins and DNA.

Among the plethora of oxidative stress biomarkers, 8-
hydroxy-2'-deoxyguanosine (8-OHdG) stands out because
its direct association with DNA damage [4] makes it a more
specific indicator of oxidative stress-induced injury. Unlike
other metabolites that reflect general oxidative stress
levels in the body, 8-OHdG explicitly measures the extent
of oxidative stress to DNA level, which is particularly
relevant in diabetes and its complications [5]. Elevated 8-
OHdG levels in patients with diabetes underlie increased
oxidative stress and potential harm to the genetic material,
which can have long-term consequences on cellular
function and overall health. This unique characteristic of 8-
OHAG provides valuable insights into mechanisms of
oxidative stress-related complications in diabetes, such as
kidney disease [5,6].

Comparing 8-OHdG levels in type-2 diabetes patients
with and without chronic kidney disease (CKD) allows for
a targeted assessment of these individuals’ oxidative stress
and DNA damage, offering a more precise understanding
of the impact of diabetes on cellular health. By focusing on
8-OHdG as a biomarker, clinicians and researchers can
identify high-risk patients who may benefit from tailored
antioxidant therapies or interventions to reduce oxidative
damage and improve outcomes. To gain insight into the
extent of oxidative stress and DNA damage in diabetic
kidney disease (DKD), we face-to-face compared 8-OHdG
levels in accurately matched type-2 diabetes patients with
and without nephropathy. We identified the correlates of
serum 8-OHdG in the same patients and explored the
potential effect modification by glycated haemoglobin on
the risk of renal complications in patients with diabetes.

2. Methods
2.1. Study protocol

The Ethical Committee of our institution approved the
study protocol and a written informed consent was signed
by each patient enrolled in the study.

2.2. Patients

This case-control study involves 66 patients with type-2
diabetes, divided into two groups according to renal
complications: 33 patients with DKD and 33 patients
without DKD, accurately matched for age (£2 years) and
sex.

Type-2 diabetes patients were recruited from the Dia-
betes Unit, while type-2 diabetes patients with DKD from
the Nephrology Dialysis and Transplantation Unit of the
Reggio Calabria Hospital (Italy).

Patients with an age ranging from 18 to 70 years, his-
tory of diabetes for at least ten years and clinical diagnosis
of DKD (persistent estimated glomerular filtration rate,
eGFR, <60 mL/min/1.73 m? and/or the presence of 24 h
urinary protein) or documentation of the absence of DKD
(eGFR, >60 mL/min/1.73 m? and urinary protein <300 mg/
die) were considered as potentially eligible to the study
unless they had acute inflammatory process, autoimmune
disease, hepatitis B or C and HIV-positivity. Trans-
plantation, pregnancy, diseases in the terminal phase and
past or current diagnosis of cancer were also considered
exclusion criteria.

2.3. Laboratory procedures

Blood sampling was performed in the early morning after
an overnight fast and serum/plasma was stored at —80 °C
until batch analyses. Serum glucose, cholesterol, glycated
haemoglobin, haemoglobin, creatinine, albumin, and C-
reactive protein were measured using standard methods in
our hospital’s routine clinical laboratory.

Serum 8-OHdG levels (MyBiosource, Inc., San Diego, CA,
USA) were quantified by enzyme-linked immunosorbent
assay as well as insulin (DIAsource ImmunoAssays S.A.,
Belgium) and IL-6 (R&D Systems, Inc., Canada).

The estimated glomerular filtration rate (eGFR) was
calculated using the CKD-EPI creatinine equation [7]. Body
mass index was calculated according to the formula
BMI = weight (Kg)/[height (m)]%.

2.4. Statistical analysis

Data are expressed as mean =+ standard deviation (SD) for
normally distributed data, median and inter-quartile range
(IQR) for non-normally distributed data and as per cent
frequency. Comparisons between groups were made by T-
Test, Mann-Whitney Test or Chi-Square test, as appro-
priate. The variables distribution study was conducted
before the correlation analysis (Pearson’s correlation test).
Pearson’s product-moment correlation coefficient (r) and
p-value assessed the strength of the linear association
between two variables.

The association between 8-OHdG (continuous inde-
pendent variable) and DKD (binary dependent variable)
was tested by multivariable logistic regression analysis,
including all variables that significantly (p < 0.15) differed
between type-2 diabetes patients with and without DKD
at the univariable (comparative) analysis that is smoke,
systolic blood pressure, body mass index, cardiovascular
comorbidities and albumin. C reactive protein and IL6
were not introduced in the multivariable regression
models because they did not meet one of the criteria to be
considered as confounders. In fact, both these inflamma-
tory biomarkers lie in the same causal pathway linking 8-
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OHdG to renal disease (i.e. mediators). The association
between 8-OHdG and eGFR (continuous dependent vari-
able) was analyzed by univariable and multivariable linear
regression analyses including the same set of variables
listed above.

The interaction analysis was performed by the standard
linear combination method. The effect modification by
glycated haemoglobin (HbA1lc) on the relationship be-
tween 8-OHdg and the phenotype DKD vs Diabetes (D) or
eGFR was analyzed by logistic and linear regression ana-
lyses, respectively. Both the multivariable logistic and
linear regression models included 8-OHdG, HbAlc and
their interaction term [8-OHdG (1 ng/mL increase) “ HbA1c
(%)] as well as the same set of variables introduced in
previous models. Data were expressed as odds ratios (OR),
95% confidence intervals (CI) and p value and non-
standardized regression coefficient (B), 95% CI and p value.

The discrimination ability of 8-OHdG was investigated
by the analysis of ROC curve and expressed as percent
value. All statistical analyses were performed by using a
standard statistical package (SPSS for Windows, Version
19; SPSS, Inc., Chicago, Illinois, USA).

3. Results

Table 1 reports the demographic, clinical, and biochemical
characteristics of the two groups of patients under study.

All patients were on antidiabetic therapy. In DKD pa-
tients, 17 (52%) were treated with insulin, 11 (33%) with
oral hypoglycemic drugs, 2 (6%) were on diet and 3 (9%)
were in treatment with insulin and oral hypoglycemic
drugs while in patients without DKD, 22 (67%) were on
oral hypoglycemic treatment, 5 (15%) received insulin, 1

(3%) was on diet and 5 (15%) were on double therapy with
insulin and oral hypoglycemic drugs.

According to the study protocol, the mean age (65
years) and the percentage of males (57.6%) were identical
in type-2 diabetes patients with and without DKD (Table
1). Moreover, they did not significantly differ in serum
glucose, glycated haemoglobin, insulin levels, and pro-
portion of smokers. Conversely, DKD patients had doubled
creatinine value and higher 24-h urinary protein excretion
than patients without DKD. Accordingly, eGFR was signif-
icantly lower in DKD patients. In addition to impaired
renal function, DKD patients showed more severe clinical
conditions than patients without DKD. Indeed, DKD pa-
tients had higher BMI, systolic blood pressure and pro-
portion of patients with CV comorbidities (Table 1). The
proportion of DKD patients on antihypertensive treatment
was 94% versus 73% of patients with diabetes only, and
DKD patients also had significantly higher C reactive pro-
tein and more elevated IL-6 levels than patients without
DKD (Table 1).

Serum levels of 8-OHdAG were higher in patients with
DKD than in those without. Indeed, this biomarker of DNA
oxidation had a mean value of 4.6 + 0.7 ng/mL in patients
with DKD compared to 4.0 + 0.8 ng/mL in those without
DKD, and this difference was statistically significant
(p = 0.002). In a group of 33 age- and sex-matched
healthy individuals used as controls, the mean value of
8-OHdG was equal to 3.9 + 0.7 ng/mL.

3.1. Correlates of serum 8-OHdG

In the whole population, including the two groups of pa-
tients with and without DKD, serum 8-OHdG had a normal

Table 1 Demographic, clinical and biochemical characteristics of the study population divided according to the presence/absence of DKD.

Patients without DKD (n = 33) Patients with DKD (n = 33) p value
Age, yr 65 + 6 65 + 6 1.0
Male sex, n (%) 19 (57.6%) 19 (57.6%) 1.0
Smokers, n (%) 9 (37.5%) 17 (58.6%) 0.13
PAS, mmHg 129 + 14 142 + 18 0.02
PAD, mmHg 71+ 6 71 £ 10 0.77
BMI, kg/m? 29+ 4 31+5 0.05
CV comorbidities, n (%) 6 (25.0%) 17 (54.8%) 0.03
Total cholesterol, mg/dL 148 + 33 154 + 43 0.50
Glycaemia, mg/dL 138 + 33 145 + 32 0.38
Insulin, pU/mL 8 (5—16) 13 (5—25) 0.21
HbAlc, % 7.0+ 1.0 72+ 1.1 0.80
Albumin, g/dL 4.30 + 0.26 418 + 0.29 0.11
CRP, mg/L 1.2 (0.6—3.0) 3.3 (0.6—6.7) 0.05
IL-6, pg/mL 2.2 (1.7-3.0) 4.0 (2.2-64) 0.003
eGFR, mL/min/1.73 m? 86 + 18 39 + 21 <0.001
Creatinine, mg/dL 0.8 (0.7—1.0) 1.6 (1.4-2.6) <0.001
Urinary protein, mg/die 10 (0—100) 200 (0—450) 0.06

Continuous data are expressed as mean =+ standard deviation, median and inter-quartile range (IQR) and between-group comparisons are made
by T-test and Mann-Whitney U test, as appropriate. Binary variables are summarised as absolute numbers and percentages and compared by the

chi-square test.

Abbreviations: DKD, diabetic kidney disease; PAS, systolic blood pressure; PAD, diastolic blood pressure; BMI, body mass index; CV, cardio-
vascular; HbA1c; glycated haemoglobin; CRP, C reactive protein; IL-6, interleukin 6; eGFR, estimated glomerular filtration rate.
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Figure 1 Correlation analysis. Relationship between serum 8-OHdG
levels and eGFR in patients with DKD (full circles) and without DKD
(empty circles).

distribution with an average value of 4.2 + 0.7 ng/mL.
Globally, this biomarker was directly and significantly
associated with BMI (r = 0.35, p = 0.004), IL6 (r = 0.28,
p = 0.02), creatinine (r = 0.36, p = 0.003) and 24 h uri-
nary protein (r = 0.29, p = 0.02) and inversely related to
albumin (r = —-0.35, p = 0.006) and eGFR (r = 041,
p = 0.001) (Fig. 1).

3.2. Regression analysis and ROC curve analysis

In a univariable logistic regression model having diabetic
kidney disease as the dependent variable and 8-OHdG as
an independent variable, this biomarker was directly
related to the outcome variable, and a 1 ng/mL increase of
8-OHdG entailed 3 times increase in the odds ratio of DKD
(p = 0.005) (Table 2). This strong and significant associa-
tion was confirmed [OR: 2.90 (95%Cl:1.15—7.34), p = 0.02]
in a multivariable logistic regression model including po-
tential confounders. Coherently, in a linear regression
analysis testing the association between 8-OHdG and
eGFR, 8-OHdG was inversely related to eGFR, and 1 ng/mL
increase of this biomarker entailed a reduction of 11.5 mL/
min/1.73 m? in the eGFR (Table 3).

The ROC curve analysis applied to the 8-OHdG showed
that this product of DNA oxidation provided a ROC curve
area of 76% for discriminating type-2 diabetes patients

Table 2 Multivariable logistic regression analysis (dependent var-
iable: DKD vs D).

Variables (units of increase) OR (95% CI) p value
8-OHdG (1 ng/mL) 2.90 (1.15-7.34) 0.02
Confounders

PAS (1 mmHg) 1.06 (1.01—1.10) 0.008
BMI (1 kg/m?2) 1.16 (0.98—1.37) 0.09
CV comorbidities 2.75 (0.63—11.90) 0.18
Smoke 13.50 (2.08—87.13) 0.006
Albumin (1 g/dL) 0.52 (0.04—7.30) 0.62

Data are expressed as odds ratio, 95% confidence intervals and p
value.

Abbreviations: DKD, diabetic kidney disease; D, type-2 diabetes; 8-
OHdG, 8-hydroxy-2'-deoxyguanosine.

with and without nephropathy (area under the ROC curve:
0.76, 95% (CI:0.64—0.88, p < 0.001) (Fig. 2).

3.3. 8-OHdG and clinical outcomes: effect modification by
glycated haemoglobin (HbA1c)

Interaction analysis showed that HbA1c is a strong modi-
fier of the relationship between 8-OHdG and study out-
comes on univariable and multivariable regression
analyses. Indeed, there was a statistically significant (p for
effect modification = 0.02) linear trend in the increase of
the odds ratio of DKD portended by 1 ng/mL increase in 8-
OHAG in patients with a HbA1c higher than 6%. In partic-
ular, patients with an HbA1c of 6.5% had a 3.36 times in-
crease in the odds ratio of DKD (OR: 3.36, 95%
Cl:1.22—9.28), those with an HbA1lc of 7% a 5.90 times
increase (OR: 5.90, 95%Cl:1.67—20.89) and patients with
an HbA1lc of 7.5% a 10.34 times increase in the probability
to develop a renal complication (OR: 10.34, 95%
Cl:2.03—52.59) (Fig. 3a). The same analysis carried out by
considering eGFR as clinical outcome showed coherent
results, demonstrating that again, in patients with an
HbA1c>6%, increasing values of glycated haemoglobin
went in parallel with a more marked reduction in the renal
filtration rate (p for effect modification = 0.02) (Fig. 3b).
There was no interaction between 8-OHdG and DKD or
eGFR with HbA1c<6 % (all p = NS).

4. Discussion

The findings of this study underscore the significance of 8-
hydroxy-2’-deoxyguanosine (8-OHdG) as a biomarker for
oxidative stress and DNA damage in patients with diabetes
and the fact that the same biomarker holds fairly good
discriminatory power for the identification of type-2 dia-
betes patients with CKD. We show that 8-OHdG levels are
elevated in type-2 diabetes patients with CKD compared to
those without CKD. This finding is consistent with previ-
ous studies that have reported elevated oxidative stress
levels in diabetic nephropathy [8]. The increased 8-OHdG
levels in patients with DKD compared to those without
kidney dysfunction suggest heightened oxidative DNA
damage in DKD, implicating this alteration in kidney
dysfunction in this population.

The elevated 8-OHdG levels observed in our study are
consistent with sparse observations investigating oxida-
tive stress in diabetes and its complications [5,6]. Similarly,
other studies have demonstrated a correlation between
high 8-OHdG levels and the severity of diabetes compli-
cations, including nephropathy, cardiovascular diseases
and the risk of death in patients with type-2 diabetes [9].

In type-2 diabetes, hyperglycemia-induced mitochon-
drial superoxide overproduction increases hexosamine
synthesis and O-glycosylation of specificity protein 1
(Sp1), which activates the expression of genes that
contribute to the pathogenesis of diabetes complications
[10]. In line with these observations, we found that gly-
cated haemoglobin levels impact the risk of DKD in the
population with diabetes. Indeed, the risk for DKD
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Table 3 Multivariable linear regression analysis (dependent vari-
able: eGFR).

Variables (units of increase) B (95% CI)

8-OHdG (1 ng/mL) —11.53 (-20.47 to —2.59) 0.01
Confounders

PAS (1 mmHg)
BMI (1 kg/m?)
CV comorbidities

p value

~039(-0.75to —0.04) 0.3
~1.39 (—2.95 to 0.16) 0.08
~13.58 (—28.26 to 1.09)  0.07
Smoke ~13.97 (-28.66t0 0.72)  0.14
Albumin (1 g/dL) 2.44 (~22.97 to 27.84) 0.85

Data are expressed as non-standardized linear regression co-
efficients, 95% confidence intervals and p value.

Abbreviations: eGFR, estimated glomerular filtration rate; 8-OHdG,
8-hydroxy-2’'-deoxyguanosine.

portended by 1 ng/mL increase in 8-OHdG was over three
times higher in patients with HbAlc of 6,5% and rose
progressively at higher HbA1c levels, becoming 10 times
higher when HbA1c was 7.5%.

Several factors can explain the elevated 8-OHdG levels
in type-2 diabetes patients with CKD. Hyperglycemia per
sé is known to increase the production of reactive oxygen
species (ROS) through various pathways, including the
polyol pathway, advanced glycation end-products (AGEs)
formation and mitochondrial dysfunction [11]. These ROS
can cause significant damage to cellular components,
including DNA. In the kidneys, hyperglycemia-induced
ROS can lead to glomerular and tubular damage,

DKD
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Figure 2 ROC curve analysis. In the figure is reported the result of the
ROC curve analysis that tests the 8-OHdG power in discriminating type-
2 diabetes patients with and without diabetic kidney disease. The
discrimination ability of 8-OHdG is represented by the area under the
curve (AUC) and expressed as percent value.

contributing to the progression of CKD [12]. The kidneys
are particularly susceptible to oxidative stress due to their
high metabolic activity and oxygen consumption. The
increased oxidative stress in the kidneys of patients with
diabetes can exacerbate inflammation, fibrosis, and
apoptosis, further impairing renal function [13].

Elevated 8-OHdG levels in type-2 diabetes patients with
renal complications have several clinical implications.
First, this observation raises the possibility that monitoring
oxidative stress in patients with diabetes, particularly
those with renal complications, may be clinically useful.
Regular assessment of 8-OHdG levels could help identify
patients at higher risk of developing CKD or experiencing
disease progression, an issue that remains to be tested in
specifically designed studies. Second, our findings suggest
that interventions aimed at reducing oxidative stress could
be beneficial for type-2 diabetes patients with renal
complications. Antioxidant therapies have shown promise
in reducing oxidative stress and improving renal function
in animal models and small clinical trials [14]. Further
research is needed to determine the efficacy and safety of
these interventions in larger populations of patients with
diabetes.

Our study underscores the need for personalized
treatment strategies for patients with diabetes. By identi-
fying individuals with high oxidative stress levels using
biomarkers such as 8-OHdG, clinicians can tailor in-
terventions to address each patient’s specific needs. This
personalized approach could improve clinical outcomes
and reduce the burden of diabetes complications.

While our study provides further insights into the role
of 8-OHdG as a biomarker for oxidative stress in type-2
diabetes patients with renal complications, several ques-
tions remain unanswered. Longitudinal studies are needed
to determine whether elevated 8-OHdG levels can predict
the onset or progression of CKD in patients with diabetes.
Such studies could help establish 8-OHdG as a reliable
prognostic marker for renal complications in diabetes.

More importantly, randomized controlled trials are
necessary to evaluate the efficacy of antioxidant therapies
in reducing 8-OHdG levels and improving renal outcomes
in patients with diabetes. These trials should include larger
sample sizes and longer follow-up periods to assess anti-
oxidant interventions’ long-term benefits and potential
side effects. Comparative biomarkers studies are needed to
evaluate the specificity and sensitivity of 8-OHdG
compared to other oxidative stress biomarkers. Such
studies could help determine the most reliable markers for
assessing oxidative stress and guiding clinical decision-
making in patients with diabetes.

In conclusion, our study highlights the potential of 8-
OHdG as a biomarker for assessing oxidative stress and
DNA damage in patients with diabetes and with CKD. The
elevated 8-OHdG levels observed in our population un-
derscore the role of oxidative stress in the pathogenesis of
diabetic nephropathy. Monitoring 8-OHdG levels could
help identify high-risk patients who may benefit from
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Figure 3 Interaction analyses. The figure depicts the effect modification by HbA1c on the relationship between 8-OHdG and the phenotype DKD vs
Diabetes and 8-OHdG and the GFR.

Left panel (a). The left scale reports the odds ratio for DKD portended by a 1 ng/mL increase in serum 8-OHdG. In type-2 diabetes patients, the
probability of developing renal complications rises in parallel to HbAlc percent value and this increase is statistically significant in patients with
HbAlc > 6.5% (grey area).

Right panel (b). The left scale reports the non-standardized regression coefficient (B) for a reduction in glomerular filtration rate portended by a 1 ng/
mL increase in serum 8-OHdG.

In type-2 diabetes patients, GFR progressively decreases as 8-OHdG increases and this relationship is statistically significant in patients with
HbAlc > 6.5% (grey area).

Data reported in the two panels derive from multivariable logistic and linear regression analyses including 8-OHdG, HbA1c and their interaction
term [8-OHdG (1 ng/mL increase) = HbAlc (%)] as well as a series of potential confounders (i.e. PAS, BMI, CV comorbidities, smoke and albumin).

targeted antioxidant therapies or lifestyle interventions, a
possibility that remains to be tested in specifically
designed clinical trials.
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