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A B S T R A C T

Aim: The urinary biomarker for oxidative stress to RNA, 8-oxo-7,8-dihydro-guanosine (8-oxoGuo) is associated
with mortality in patients with type 2 diabetes. Iron has also been linked to diabetes. In individuals with un-
treated hereditary iron overload it has been observed that 8-oxoGuo was higher compared to controls. In the
current study, we hypothesized that 8-oxoGuo was associated with diagnosis of diabetes, and that iron con-
founded this association.
Methods: Participants from a general Danish population were included in the study (n= 3567). UPLC-MS/MS
method was used for 8-oxoGuo (nmol/mmol creatinine) measurement in spot urine. Iron biomarkers included
total plasma iron, ferritin, transferrin saturation (TS) and transferrin.
Results: 8-oxoGuo was 17% higher in diabetes patients (n= 208) compared to non-diabetes controls.
Unadjusted logistic regression model showed an odds ratio of diabetes of 1.38 (95%CI:1.21–1.57, P < 0.0001)
per unit increase of 8-oxoGuo. When the model was adjusted for possible confounders the odds ratio was 1.09
(95%CI:0.94–1.26, P=0.24). When additional adjustment was performed including ferritin, TS, or transferrin,
respectively, the OR were 1.14 (95%CI:0.97–1.33, P= 0.09), 1.10 (95%CI: 0.95–1.28, P= 0.18), and 1.17
(95%CI:1.01–1.38, P= 0.04).
Conclusions: Our study indicates that 8-oxoGuo is higher in diabetes patients. The lack of association between 8-
oxoGuo and diabetes in the adjusted model may be due to the cross-sectional design including post-treatment
bias. Our data did not show consistent effect of all iron biomarkers in relation to diabetes. Most likely, the iron
biomarkers were affected by inflammation thus not reflecting true iron levels.

1. Introduction

Presence of oxidative stress has been proposed to be an important
component in the pathogenesis of any type of diabetes [1]. A con-
tributing biological mechanism that increases oxidative stress is based
on the Fenton reaction, where iron shifts from ferrous to ferric state
accompanied by generation of the hydroxyl radical. A biomarker of
oxidative stress is urinary excretion of the oxidative modification to
RNA 8-oxo-7,8-dihydro-guanosine (8-oxoGuo). The hydroxyl radical,
belonging to the group of Reactive Oxygen Species (ROS) may induce
multiple modifications by oxidation to cellular structures such as RNA
[2]. This is supported by previous findings of a higher 8-oxoGuo in
untreated genetic iron overload (hereditary hemochromatosis)

compared to controls, and a decrease in 8-oxoGuo after iron removal by
phlebotomy [3]. In a previous Asian study of hospital-ascertained pa-
tients with type 2 diabetes (T2D) of which one third had severe com-
plications, levels of 8-oxoGuo were higher in T2D patients compared to
controls [4]. But no previous study in Caucasians or from the general
population comparing levels of 8-oxoGuo in patients with T2D and
controls has been performed. In Danish patients with T2D followed up
for up to 18 years, we have previously shown that 8-oxoGuo is asso-
ciated with mortality [5,6] Moreover, several studies have linked iron
biomarkers to risk of T2D, diabetic complications, and metabolic dis-
turbances [7].

Despite control of blood glucose, blood pressure and dyslipidemia,
T2D patients have considerable excess co-morbidity and mortality
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indicating non-glucose pathogenic factors and a need for their identi-
fication and exploration of their importance. We hypothesise that oxi-
dative stress to RNA and iron dysregulation could be a relevant con-
tributing pathogenic mechanism in T2D patients. Therefore, we aimed
to investigate 1) if 8-oxoGuo urinary excretion was associated with
diabetes and 2) if iron biomarkers confounded this association.

2. Material and methods

2.1. Study population

The study population consisted of participants from the Danish
General Suburban Population Study (GESUS) and details are described
elsewhere [8]. In brief, information on participants originates from a
paper-questionnaire, health examination, biochemical measurements
and genotyping. All participants were Danish citizens and> 99% of
Danish descent. Eligibility criteria for participation were: living in the
Naestved municipality, being above 20+years, and having a Danish
citizenship. We included all participants with measured levels of 8-
oxoGuo, the corresponding oxidative modification of DNA 8-oxo-7,8-
dihydro-2′-deoxyguanosine (8-oxodG), and creatinine concentration
(n=3608).

The study was approved by the Regional Ethics committee for
Region Zealand (SJ-113, SJ-114) and was reported to the Danish Data
Protection Agency (REG-27–2014). The study was performed in
agreement with the Helsinki declaration and all participants gave in-
formed written consent.

2.2. Primary endpoint

We classified participants as having known diabetes if they reported
in the questionnaire a diagnosis of diabetes or treatment with insulin or
other types of antidiabetic medication. Any type of diabetes was in-
cluded since the self-administered questionnaire did not include dis-
tinction between different types of diabetes. We classified participants
as having undiagnosed diabetes if they did not report diagnosis of
diabetes/use of antidiabetic medication but had a non-fasting plasma
glucose ≥ 11.1 mmol/l and/or HbA1c ≥ 6.5% (48mmol/mol) mea-
sured at the health examination. Participants without self-reported
diabetes and with non-fasting plasma glucose/HbA1c levels below the
abovementioned cut-off levels were regarded as not having diabetes
and used as controls.

2.3. Biochemical measurements

Spot urine specimens were collected at the day of the health ex-
amination (May 2011 to October 2013) and were stored in −20 °C
freezers until analysis (June 2013–June 2015). We simultaneously
measured 8-oxoGuo and 8-oxodG by UPLC-MS/MS analysis, which is
considered the “gold standard” for measurement of oxidized nucleic
acids, and described in detail elsewhere [9]. The urinary 8-oxoGuo and
8-oxodG concentrations were adjusted for urinary creatinine con-
centration to reduce variability [10].

Iron biomarker measurements consisted of plasma ferritin (µg/L),
plasma transferrin (µmol/L) and total plasma iron (µmol/L), and were
all measured with Cobas-6000 (Roche). Transferrin saturation (TS, in
%) was calculated as 100× [iron]/(2× [transferrin]) since each mo-
lecule of transferrin can bind two iron atoms.

2.4. Other co-variates

Alanine amino transferase (ALAT, U/L), total cholesterol (mmol/L),
high-sensitivity C-reactive-protein (hsCRP, mg/L) and non-fasting
plasma glucose (mmol/L) were analysed with Cobas-6000 (Roche).
HbA1c (mmol/mol) was measured with Tosoh G7 and G8 (TOSOH). We
present HbA1c in both mmol/mol and percent based on the equation

HbA1c (%) = [0.0914* HbA1c (mmol/mol)] + 2.152 [11]. Blood
pressure (mmHg) was measured on the left upper arm after 5min of rest
(instrument type A&D UA-787, A&D Medical, Tokyo, Japan); mea-
surement was performed twice and the second measurement registered.
Waist circumference was measured using a tape measure and measured
at the lowest rib (cm). Participants completed a self-administered
questionnaire from where information was retrieved on smoking habit
(never, former, current) and alcohol habits (units per week;
1unit= 12 g pure alcohol).

2.5. Statistical analyses

Statistical analyses were performed using R version 3.2.2 [12]. We
observed one participant with extreme ferritin value above 6000 µg/L
and concurrently ALAT above 1500 U/L. Two participants had ex-
tremely high concentration of 8-oxoGuo> 25nmol/mmol creatinine
(~ 10x standard deviation above mean). These 3 participants were
considered as outliers and excluded from analyses (see Supplementary
Fig. S1). Thirty-seven participants had unknown status of diabetes (due
to either missing HbA1c measurements or missing questionnaire in-
formation), and additionally one participant did not have iron bio-
marker measurements; they were therefore excluded from the analyses.
In total, we included n=3567 in the analyses.

We explored the basic characteristics of the participants according
to diabetes status. For normally distributed numerical variables mean,
standard deviation (SD) and P values from t-test are presented. For non-
normally distributed numerical variables median, interquartile range
(IQR), and Mann-Whitney U test are presented. Number, frequencies,
and chi-squared test are presented for categorical variables.

We examined the association between diabetes (no/yes) and the
predictor 8-oxoGuo using logistic regression analyses of individuals
with no missing values (n=3557). The diabetes patients included both
known diabetes and undiagnosed diabetes. Analyses were performed
unadjusted as well as multivariable adjusted based on a priori knowl-
edge of confounding. The co-variates consisted of age (years), sex (fe-
male/male), systolic blood pressure, waist circumference, smoking
status, total cholesterol, hsCRP, alcohol intake, and ALAT. The co-
variates ALAT and hsCRP were log-transformed and alcohol intake di-
vided into quartiles (< 1.71, 1.71–12.0, 12.1–17.0 and>17.0 units/
week) because of non-normal distribution. In order to investigate the
relationship between 8-oxoGuo and iron biomarkers, odds ratios (OR)
from the adjusted logistic regression model with 8-oxoGuo as predictor
was compared to an adjusted logistic regression of 8-oxoGuo controlled
for each iron biomarker separately (i.e. additional adjustment with each
iron biomarker).

Additionally, we investigated the association between diabetes (no/
yes) and iron biomarkers (ferritin, transferrin saturation, and trans-
ferrin) using multivariable adjusted logistic regression. We adjusted for
age (years), sex (female/male), systolic blood pressure, waist cir-
cumference, smoking status, total cholesterol, hsCRP, alcohol intake,
and ALAT. The iron biomarkers were log2-transformed in all regression
analyses and the exponentiated coefficient can thus be interpreted as
the odds ratio of diabetes associated with a doubling of the corre-
sponding iron biomarker.

Pearson correlation coefficient (Pearson's r) was used to investigate
the correlation between 8-oxoGuo and HbA1c. Linear regression for
HbA1c (log-transformed) as outcome regressed on 8-oxoGuo was per-
formed unadjusted and adjusted for age and gender. We compared
mean 8-oxoGuo between prevalent known diabetes patients with HbA1c

≥ 6.5% (48mmol/mol), known diabetes patients with HbA1c< 6.5%
(48mmol/mol)), and undiagnosed diabetes using ANOVA.

3. Results

Basic characteristics of the participants according to diabetes status
(no/yes) are presented in Table 1. The diabetes patients had a higher
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mean age with a predominance of men compared to the group without
diabetes. Mean 8-oxoGuo urinary excretion differed between diabetes
patients and non-diabetes controls (P < 0.0001) being 17% higher in
those with diabetes. Mean of the corresponding DNA modification 8-
oxodG did not differ between the groups (P= 0.99) (Table 1).

Total plasma iron and ferritin did not differ between diabetes pa-
tients and controls (Table 1). Mean TS was 5.6% lower in diabetes
patients (P= 0.03) while mean transferrin was 3.3% higher in diabetes
patients (P < 0.01). Post hoc analyses revealed that ferritin and TS

were higher in undiagnosed compared to prevalent known diabetes,
however only median ferritin difference was significant
(Supplementary Table S1).

3.1. 8-oxoGuo, iron biomarkers and diabetes

Logistic regression revealed an OR of diabetes of 1.38 (95%CI:
1.21–1.57, P < 0.0001) per unit increase in 8-oxoGuo and OR of 1.23
(95%CI:1.06–1.41, P= 0.007) after adjustment for age and sex.
Multivariable adjustments resulted in OR of 1.09 (95%CI:0.94–1.26,
P= 0.24) (Fig. 1). Analyses for 8-oxoGuo and diabetes were also per-
formed controlled for ferritin, TS, and transferrin, respectively (Fig. 1);
resulting in OR of 1.14 (95%CI: 0.97–1.33, P=0.09), 1.10
(95%CI:0.95–1.28, P= 0.18), and 1.17 (95%CI:1.01–1.38, P=0.04).
Logistic regression analyses for each of the iron biomarkers as predictor
showed that only transferrin was associated with diabetes (OR=4.86,
95%CI:2.25–10.53, P < 0.0001)(Supplementary Fig. S2).

3.2. 8-oxoGuo in relation to HbA1c

Mean 8-oxoGuo concentration did not differ between known dia-
betes with HbA1c below 48mmol/mmol (n= 71, mean 8-
oxoGuo=2.76 nmol/mmol creatinine), known diabetes with HbA1c

above 48mmol/mmol (n=98, mean 8-oxoGuo=2.78 nmol/mmol
creatinine), and undiagnosed diabetes patients (n=38, mean 8-
oxoGuo=2.69 nmol/mmol creatinine) (ANOVA: P= 0.88). Analysis
of correlation between 8-oxoGuo and HbA1c showed a Pearson's r of
0.11 (95%CI: 0.08–0.14, P < 0.0001)). Linear regression with HbA1c

(log-transformed) as outcome regressed on 8-oxoGuo showed an asso-
ciation (beta coefficient of 1.02 (95%CI: 1.01–1.02), P < 0.0001),
however the association was not present when the model was adjusted
for age and sex (beta coefficient of 0.99 (95%CI: 0.99–1.00), P= 0.36).

4. Discussion

4.1. 8-oxoGuo and diabetes

As the urinary biomarker 8-oxoGuo is associated with mortality in
T2D patients, investigation of the association between 8-oxoGuo and
diagnosis of diabetes is merited [5,6]. In the current study we find a
higher urinary excretion of 8-oxoGuo in diabetes patients, observed

Table 1
Basic characteristics of participants.

No diabetes
(controls) n=3359

Diabetes n= 208 P value

Age, years
Mean (SD) 57.1 (13.1) 64.9 (10.5) < 0.0001
Sex, n (%) <0.001
Female 2007 (59.8) 99 (47.6)
Male 1352 (40.2) 109 (52.4)
8-oxoGuo, nmol/mmol

creatinine
<0.0001

Mean (SD) 2.4 (0.9) 2.8 (0.8)
8-oxodG, nmol/mmol

creatinine
0.99

Mean (SD) 1.9 (0.8) 1.9 (0.7)
Ferritin, µg/L 0.08
Median (IQR) 120.0 (62.0–203.0) 137.5

(77.0–221.0)
Transferrin, µmol/L <0.01
Mean (SD) 33.0 (4.9) 34.1 (5.4)
Transferrin saturation,

%
0.03

Mean (SD) 21.5 (7.8) 20.3 (7.4)
Iron, µmol/L 0.18
Mean (SD) 13.9 (4.9) 13.5 (4.5)
HbA1c, mmol/mol <0.0001
Median 37.0 (35.0–39.0) 50.0 (45.0–57.0)
Non-fasting glucose,

mmol/L
<0.0001

Median (IQR) 5.5 (5.1–5.9) 7.3 (6.2–9.5)
WC, cm <0.0001
Mean (SD) 91.0 (12.9) 102.8 (12.5)
Smoking status, n (%) 0.01
Never 1504 (44.8) 71 (34.1)
Former 1283 (38.2) 92 (44.2)
Current 572 (17.0) 45 (21.6)
Alcohol intake, units/

week,
< 0.01

Median (IQR) 6.9 (1.7–17.1) 3.4 (0–17.1)
Systolic BP, mmHg 0.02
Mean (SD) 140.5 (21.1) 144.0 (20.8)
Total cholesterol,

mmol/L
<0.0001

Mean (SD) 5.5 (1.0) 4.9 (1.2)
ALAT, U/L <0.0001
Median (IQR) 22.0 (17.0–29.0) 26.0 (19.0–34.0)
hsCRP, mg/L <0.0001
Median (IQR) 1.3 (0.6–2.8) 1.8 (1.0–3.8)

Basic characteristics (n= 3567) according to diabetes status: The group ‘no
diabetes’ include participants who report having no diagnosis of diabetes, no
treatment with insulin or other antidiabetic medication, and whose level of
non-fasting glucose and HbA1c are< 11.1mol/l and< 48mmol/mol, respec-
tively. The groups ‘diabetes’ include known diabetes patients (i.e. participants
who reported having a diagnosis of diabetes, being treated with insulin or other
antidiabetic medication) as well as participants with undiagnosed diabetes (i.e.
those who did not report having a diagnosis of diabetes /treatment with anti-
diabetic medication but whose non-fasting glucose level was≥11.1mol/L and/
or HbA1c ≥48mmol/mol when measured at the heath examination). T-test and
Man-Whitney U were used to test differences in means for continuous normally
distributed variables or medians for continuous non-normally distributed
variables, respectively. For categorical variables, chi-squared test were used.
BP: blood pressure, hsCRP: high sensitive C-reactive protein, WC: waist cir-
cumference.

Fig. 1. Odds ratios for diabetes per unit change in 8-oxoGuo. All models were
adjusted for age, sex, smoking, alcohol, systolic blood pressure, waist cir-
cumference, ALAT, cholesterol, and hsCRP. Iron biomarkers were log2-trans-
formed. Ten observations were deleted due to missing values among these co-
variates; i.e. the adjusted regression models included n= 3557. There were 207
cases of diabetes (known diabetes: 169, undiagnosed diabetes: 38).
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both in diagnosed and undiagnosed, compared to controls. Our study
indicates that high RNA oxidation is associated with higher odds for
having diabetes; however due to observational study design we cannot
deduce the causal pathway. It is not known if increased oxidative da-
mage to RNA may induce diabetes (i.e. 8-oxoGuo is a disease risk
biomarker) or vice versa that the diabetic increases oxidative damage to
RNA that in turn promotes diabetic complications (i.e. 8-oxoGuo is a
complication risk biomarker). Examples of predisposed individuals for
developing T2D (young men born with low birthweight, and obese
children) do not seem to have higher RNA oxidation compared to
controls [13,14]. However, we have previously observed that 8-oxoGuo
was higher in adult obese men compared to lean controls [15]. We
hypothesise that 8-oxoGuo may particularly increase after onset of
diabetes and take part in the pathogenesis of diabetic complications,
which is supported by the aforementioned study where 8-oxoGuo was
especially high in patients with macrovascular complications, besides
being higher in T2D patients compared to age-matched controls [4].
They also observed that the corresponding DNA modification by oxi-
dation, 8-oxodG, was only moderately higher, which is in accordance
with the finding that 8-oxodG is not prognostic in T2D mortality nor
higher in obesity [5,6,15]. Likewise, the current study do not observe
differences in mean 8-oxodG between diabetes patients and controls.

We observed that there was a correlation between 8-oxoGuo and
HbA1c but the correlation coefficient was small. Furthermore, 8-oxoGuo
did not differ between undiagnosed diabetes patients, prevalent known
diabetes patients with HbA1c within treatment goal (according to cur-
rent guidelines) and prevalent known diabetes patients not within
HbA1c treatment goal. This indicates that the current glycaemic control
management does not lower 8-oxoGuo, although it may be a desirable
treatment target due to its association with mortality.

4.2. Iron's links to 8-oxoGuo and diabetes

There are presumably several risk factors for increased 8-oxoGuo,
such as age and obesity [10,15]. Recently, we published a study in-
dicating a causal relationship between high iron levels (measured as
ferritin and TS) and high 8-oxoGuo [16]. 8-oxoGuo has also been found
to be considerably elevated in untreated hereditary hemochromatosis,
however, levels decrease in response to phlebotomy [3]. Hereditary
hemochromatosis is an iron accumulating condition which can manifest
as diabetes if untreated, and iron overload in the general population has
also been proposed to be involved in the pathology of diabetes [17]. A
strong indication of a link between iron and diabetes is the improved
metabolic profile observed after phlebotomy in diabetes patients where
iron is removed through bloodletting [18]. A meta-analysis on the as-
sociation between iron biomarkers and T2D from year 2014 reported
that high levels of ferritin was associated with an elevated relative risk
of T2D compared to low levels [19]. The association between TS and
T2D was more unclear, and they found no evidence of association be-
tween transferrin and T2D. The present study cannot confirm associa-
tions between all iron biomarkers and diabetes. Iron biomarkers are
unfortunately not specific for iron because they are influenced by other
factors such as inflammation. Hence, an association between ferritin/TS
and diabetes may be masked by presence of inflammation in diabetes
patients; ferritin is an acute-phase protein that increases in inflamma-
tion, while TS decreases in inflammation [20]. This influence makes it
difficult to interpret if iron confounds the association between 8-ox-
oGuo and diabetes. Our results did show an association between
transferrin and diabetes and indicated that transferrin confounded the
association between 8-oxoGuo and diabetes. The association between
increased transferrin and diabetes has also been described in a pro-
spective case-control study design [21]. Transferrin is a protein func-
tioning as an iron transporter, and whose concentration is incorporated
in the equation for calculation of TS. Transferrin has been proposed to
be an anti-oxidant as it binds and prevents free iron from participating
in the Fenton reaction [20]. Normally, transferrin is low in individuals

with iron overload and is elevated in individuals with iron deficiency
[19]. The higher level of transferrin observed among diabetes patients
compared to controls in our study is therefore likely a reaction to in-
flammation characterized by functional iron deficiency [22].

4.3. Strengths and limitations

RNA is located in the cytosol, in contrast to the conventionally used
extracellular biomarkers albumin and HbA1c used in assessment of
diabetes. Among strengths of the study is therefore the intracellular and
hence potentially additional information 8-oxoGuo contributes with in
evaluation of diabetes risk and/or disease progression. The cross-sec-
tional study design is prone to limitations. The study covers a hetero-
geneous group of diabetes patients with heterogeneous disease dura-
tion, macro-and microvascular complications, and therapy; factors we
did not assess in the current study design. We therefore speculate if the
adjusted model may have included co-variates that were affected by
antidiabetic treatment (non-pharmacological and pharmacological)
thereby resulting in post-treatment bias, hence weakening the asso-
ciation to diabetes.

Our study included multiple iron biomarkers, thereby evaluating
both iron storage (ferritin) and iron availability (TS). The iron bio-
markers are to some extent exposed to reverse causation; i.e. the pre-
sence of inflammation in diabetes (or antidiabetic treatment) alters the
iron biomarker concentrations. Nevertheless, by including several iron
biomarkers our study elucidates that a snapshot based on a single blood
sample in evaluation of iron overload in diabetes patients should be
interpreted with caution. Even though analyses of the iron biomarkers
did not confirm our hypothesis, we cannot rule out that true iron
overload does not induce a causal pathway. We examined iron levels in
a monotonically increased fashioned way; however the role of iron in
diabetes may be especially relevant for a subgroup of the population
with extremely high levels of iron, e.g. in hereditary or acquired he-
mochromatosis.

Our data includes both type 1 diabetes and T2D which may induce
some variation. It is however presumed that T2D constitutes the main
type (~90–95%) [23]. Finally, as previously shown, individuals parti-
cipating in GESUS were healthier than non-participants [8], introdu-
cing selection bias with fewer diabetes cases compared to the back-
ground population and consequently leading to lower power.

4.4. Conclusions and perspective

This study indicates that 8-oxoGuo is higher in diabetes patients.
Despite longstanding developments in antidiabetic treatment and im-
provement of micro-vascular complications, the improvement of the
diabetes-associated cardiovascular mortality is questioned [24]. In the
long term, identifying an intervention that reduces RNA oxidation, as-
sessed by urinary 8-oxoGuo, may be beneficial for diabetes patients.
The newer antidiabetic drug empagliflozin (SGLT-2 inhibitor) seems to
reduce the cardiovascular mortality in diabetes patients [25]. In addi-
tion, it has been proposed that the drug may have an antioxidant effect
[26]. Hypothetically, this effect may be one of the underlying biological
mechanisms that decreases the diabetes related mortality.

Our data is inconclusive regarding iron's effects on the association
between 8-oxoGuo and diabetes, since there was not a consistency in all
iron biomarkers on the association between 8-oxoGuo and diabetes.
Most likely, the iron biomarkers were influenced by other factors than
iron per se (e.g. inflammation) thus not reflecting true iron levels. In
order to evaluate if iron reduction may be beneficial in diabetes man-
agement, an intervention study is needed with inclusion of diabetes
patients undergoing iron removal (by phlebotomy, iron chelator
therapy or even dietary control) and measurement of all iron bio-
markers with 8-oxoGuo as a surrogate endpoint. Follow-up via nation-
wide registers of good quality, as existent in Denmark, of co-morbidity
and mortality could help identify if iron management and lowering of
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8-oxoGuo has a clinically relevant role.
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