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Abstract

This study applied a case-control approach to investigate the association between low-grade inflammation, defined by
high values within the normal range of C-reactive protein (CRP) and interleukin-6 (IL-6), and urinary markers of nucleic
acid oxidation. No differences in excretion of urinary markers of nucleic acid oxidation between cases and controls were
found and multivariable linear regression analysis showed no association between urinary markers of nucleic acid oxida-
tion and inflammatory markers. Post-hoc multivariable linear regression analysis showed significant associations between
nucleic acid oxidation and various iron status markers and especially a close relationship between nucleic acid oxidation and
ferritin. This study shows no association between low-grade inflammation and urinary markers of nucleic acid oxidation in a
population of elderly Italian people. The results suggest that low-grade inflammation only has a negligible impact on whole
body nucleic acid oxidation, whereas iron status seems to be of great importance.

Keywords: DNA oxidation, inflammation,  iron, 8-hydroxy-2'-deoxyguanosine, 8-oxo-7,8-dihydro-2’-deoxyguanosine,
8-0x0dG, 8-ox0-7,8-dihydroguanosine, 8-oxoGuo

Introductioly most thoroughly studied markers of DNA oxidation

Previous studies have demonstrated a strong asso- is the guanine modification 8-ox0-7,8-dihydro-
ciation between chronic inflammation and increased 2’-deoxyguanosine (8-oxodG). 8-oxodG and the

risk of diseases such as cancer and cardiovascular dis-
ease [1-5]. One suggested link between inflammation
and human disease is the increased production of free
radicals at the site of inflammation and the resulting
molecular changes, including DNA oxidation.
Several lines of evidence suggest an association
between inflammation and DNA oxidation [6—8]
and some studies have found positive associations
between markers of DNA oxidation and inflamma-
tory markers in peripheral blood [9-12]. One of the

RNA ribonucleoside counterpart 8-0xo0-7,8-dihy-
droguanosine (8-oxoGuo) are excreted in urine and
represent rate estimates of the DNA and RNA oxida-
tion in an intact organism [13].

The relationship between low-grade inflammation
and nucleic acid oxidation has not been adequately
investigated. In a cohort consisting of elderly people
we applied a case-control approach to investigate the
association between excretion of markers of nucleic
acid oxidation (8-0xodG and 8-oxoGuo) in urine and
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low-grade inflammation, reflected in high levels within
the normal range of serum C-reactive protein (CRP)
as well as interleukin-6 (IL-6) in peripheral blood.

Materials and methods
Study population

InCHIANTTI (Invecchiare in Chianti, ageing in the
Chianti area) is an epidemiological study of risk
factors contributing to the declining ability to walk in
late life. The study was performed in two small towns
located in Tuscany (Italy): Greve in Chianti and
Bagno a Ripoli, between September 1998 and April
2000. The design and data collection methods of
InCHIANTT are described in detail elsewhere [14].
One thousand two hundred and seventy persons
65 years or older were randomly selected from the
population. Of these, 220 subjects were included in
the present study. One hundred and ten cases were
selected from the top tertile of both serum CRP
and IL-6 and were matched by age and sex with
110 controls found in the lowest tertile of serum
IL-6 and CRP. For four cases and five controls the
remaining urine volume was insufficient and these
nine subjects were not included in the analyses.
Participants received an extensive description of
the study and participated after providing written
informed consent. The Italian National Institute of
Research and Care on Ageing Ethical Committee
approved the study protocol, which complied with the
principles stated in the Declaration of Helsinki.

Measures

Fasting blood samples were drawn using standardized
conditions. Samples were stored at -80°C. High-
sensitivity C-reactive protein was measured in dupli-
cate using an enzyme-linked immunosorbent assay
(ELISA) and colourimetric competitive immunoas-
say that uses purified protein and polyclonal anti-
C-reactive protein antibodies. Levels of IL-6 were
assessed using ELISA with ultrasensitive commercial
kits (Human Ultrasensitive, BIOSOURCE Interna-
tional Inc, Camarillo, CA). Besides CRP and IL-6,
the following inflammatory markers in peripheral
blood were analysed: Fibrinogen, interleukin-1f3
(IL-1B), interleukin-1 receptor antagonist (IL-1RA),
interleukin-6 receptor (IL-6R), interleukin-18 (IL-18)
and tumour necrosis factor-alpha (TNFa).To account
for the possible confounding effect of iron status,
markers of iron status in serum (iron, haematocrit,
haemoglobin, ferritin and soluble transferrin receptor
(sTfR)) were analysed as well. Measurement of the
supplementary inflammatory markers and markers of
iron status are described in detail elsewhere [15,16].

Twenty-four-hour urine samples were assayed for
the oxidatively modified nucleosides 8-oxodG and

8-0xoGuo using high-performance liquid chromato-
graphy-tandem mass spectrometry (HPLC MS/MS).
Chromatographic separation was performed on a
Perkin Elmer Series 200 HPLC equipped with two
pumps, autosampler, solvent cabinet and vacuum
degasser (Perkin Elmer, Norwalk, CT). The column
used was a Phenomenex Prodigy ODS HPLC
column (100 X 2 mm, 3 u) protected with a C18
(ODS) guard column (4 X 2 mm), both obtained
from Phenomenex (Torrance, CA). The mass spec-
trometric detection was performed on an API 3000
triple quadrupole mass spectrometer (Sciex, Toronto,
Canada) equipped with a turboionspray source
(Turbospray). Details of the analysis are described
elsewhere [17].

Completeness of urine collection was evaluated
using 24-h urinary creatinine excretion. Subjects
with urinary creatinine level < 6 mmol/day plus total
urine volume < 1000 mL/day or with a urinary crea-
tinine level < 5 mmol/day were identified as having
incomplete urine [18].

Startistical analysis

The distribution of basic characteristics, inflamma-
tion markers and markers of iron status and nucleic
acid oxidation was evaluated for the cases and con-
trols by median and inter-quartile range for continu-
ous variables and by frequency and within-group
percentage for categorical variables. Statistical sig-
nificance of the differences between cases and con-
trols was assessed by the p-value of a Mann-Whitney
test for continuous variables and of a chi-squared test
for categorical variables.

The association between nucleic acid oxidation and
inflammation status was assessed in a conditional
logistic regression model to account for the matching
on sex and age and effect estimates were furthermore
adjusted for body weight and height, iron concentra-
tion and smoking status. Additionally, for each of
the matching variables, the covariates interaction
with nucleic acid oxidation was investigated in the
conditional logistic regression model.

The association between the numerical values of
the nucleic acid oxidation and the various inflam-
mation markers and iron status markers was
assessed by the regression coefficient of a multivariate
regression analysis. The Spearman rank correlation
coefficient was calculated to assess the association
between ferritin and urinary 8-oxodG and 8-oxoGuo
concentrations and the association between urinary
8-0x0dG and 8-oxoGuo. To adjust for multiple
testing we controlled for the false discovery rate at 5%
[19]. All statistical analyses were performed using
the SAS software version 9.1 (SAS Institute Inc.
Cary, NC). Statistical significance was defined as
p < 0.05.
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Results

The basic characteristics of the study population are
shown in Table I. Smoking status and body weight
differed significantly between cases and controls.
Control subjects had higher body weight and a higher
proportion of cases were smokers. Cases had signifi-
cantly lower levels of iron and significantly higher
levels of soluble transferrin receptor than controls.

Using urinary creatinine to identify incomplete 24-h
urine collection, no difference in completeness of 24-h
urine collection was found between cases and controls
(10% vs 14% incomplete, respectively, p = 0.30).

We found no statistical significant difference in the
excretion of 8-oxodG and 8-oxoGuo between cases
and controls, regardless of adjustment for weight
(Table I), although analysis of unadjusted data showed
a tendency towards higher excretion of 8-oxodG
(» = 0.09) in controls.

Table II shows the results of the logistic regression
analysis of the case-control data, where the excretion
of nucleic acid oxidation markers were adjusted for
gender, age, body weight, height, iron concentration
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and smoking status. The adjusted analysis confirms
our results of the unadjusted analysis, revealing no
difference in the excretion of 8-0xodG and 8-oxoGuo
between cases and controls. None of the variables sex,
age, smoking status, iron status, body weight and
height showed significant interaction with nucleic
acid oxidation (data not shown).

Multivariable linear regression analysis of the
nucleic acid oxidation variables on various inflamma-
tion markers (Table III) showed significant associa-
tion between 8-oxoGuo (nmol/24 h) and TNF-o
(p = 0.02), but when expressed per body weight and/
or corrected for multiple testing this was not signifi-
cant. No significant association was found between
nucleic acid oxidation and any of the other inflamma-
tory markers.

Multivariable linear regression analysis of the
nucleic acid oxidation variables on iron status mark-
ers (Table IV) revealed significant association between
nucleic acid oxidation and iron, ferritin and soluble
transferrin receptor concentration. A highly signifi-
cant positive association between ferritin and nucleic

Table I. Characteristics of the InChianti case-control study population (7 = 211).

Variable Cases (n = 106) Controls (z = 105) P?
Basic characteristics
n (male/female) 106 (54/52) 105 (54/51) 0.9438
Age (years) 73 (69-76) 72 (68-75) 0.4939
Smoking habits, 7 (%) 0.0046
Never smoked 43 (42.2) 63 (60.0)
Ex-smoker 30 (29.4) 30 (28.6)
Current smoker 29 (28.4) 12 (11.4)
Weight (kg) 69.0 (60.5-76.5) 72.6 (65.5-81.0) 0.0306
Height (cm) 159 (154-167) 160 (153-168) 0.8182
BMI (kg/m?) 26.8 (24.2-28.8) 27.5 (25.3-30.1) 0.0609
Inflammatory markers
CRP (ug/ml) 8.62 (5.68-14.10) 0.97 (0.62-1.27) < 0.0001
IL-6 (pg/ml) 3.22 (2.31-4.88) 0.63 (0.46-0.82) < 0.0001
Fibrinogen (mg/dl) 407 (354-464) 315 (284-343) < 0.0001
IL-1B (pg/ml) 0.12 (0.08-0.21) 0.11 (0.08-0.16) 0.0945
IL-1RA (pg/ml) 174.56 (118.77-262.99) 103.57 (80.73-144.82) < 0.0001
IL-6R (ng/ml) 108.94 (77.0-137.54) 84.57 (60.08-109.79) 0.0009
IL-18 (pg/ml) 408.71 (326.76-478.73) 344.34 (253.15-454.72) 0.0035
TNF-o (pg/ml) 4.97 (3.63-6.96) 3.89 (2.97-5.25) < 0.0001
Iron status
Iron (ug/dl) 71 (58-92) 91 (78-104) < 0.0001
Haematocrit (%) 41.5 (38.7-43.9) 41.3 (38.9-43.4) 0.4985
Haemoglobin (g/dl) 14.0 (13.0-14.9) 13.95 (13.00-15.10) 0.9737
Ferritin (ng/ml) 117.5 (55.0-195.0) 116 (60-221) 0.5691
sTfR (nmol/l) 16.8 (13.6-20.0) 15.2 (12.7-17.6) 0.0082
Nucleic acid oxidation markers
8-0x0dG (nmol/24 h) 14.28 (10.10-19.03) 15.64 (11.07-20.53) 0.0939
8-0xoGuo (nmol/24 h) 24.36 (19.69-32.76) 26.93 (20.12-35.11) 0.2694
8-0x0dG (nmol/kg/24 h) 0.20 (0.15-0.28) 0.22 (0.16-0.29) 0.3687
8-oxoGuo (nmol/kg/24 h) 0.39 (0.29-0.47) 0.37 (0.27-0.49) 0.9952

Data are medians (interquartile range) unless otherwise stated.
aSignificance (p-value) of the difference between cases and controls was assessed with a Mann-Whitney test for continuous variables and

with a chi-squared test for categorical variables.

BMI, Body Mass Index; CRP, C-reactive protein; IL-6, Interleukin-6; IL-1f, Interleukin-1/; IL-1RA, Interleukin-1 receptor antagonist;
IL-6R, Interleukin-6 receptor; I1.-18, Interleukin-18; TNFa, Tumour necrosis factor-alpha; sTfR, Soluble Transferrin Receptor; 8-oxodG,

8-0x0-7,8-dihydro-2’-deoxyguanosine; 8-oxoGuo, 8-0x0-7,8-dihydroguanosine.
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Table II. Conditional logistic regression analysis of the case-control data 1:1 matched for sex and age.

Tertiles of nucleic acid oxidation

Nucleic acid oxidation Low OR (95%CI) Middle OR? (95%CI) High OR? (95%CI) b

8-0x0dG (nmol/24 h) 1.000 0.880 (0.387;2.001) 0.566 (0.230;1.392) 0.4430
8-oxoGuo (nmol/24 h) 1.000 1.370 (0.565;3.318) 0.757 (0.295;1.945) 0.4214
8-0x0dG (nmol/kg/24 h) 1.000 0.875 (0.379;2.022) 0.498 (0.219;1.137) 0.2162
8-0xo0Guo (nmol/kg/24 h) 1.000 1.446 (0.603;3.465) 0.604 (0.244;1.498) 0.1664

The association of each of four nucleic acid oxidation evaluations (8-oxodG and 8-oxoGuo both unadjusted and per kg of body weight,
each represented as categorical variables with its tertiles as categories) with high inflammation status (case). An odds ratio greater than 1
indicates greater probability of being case.

2The analysis is matched on sex and age and furthermore adjusted for body weight and height and iron concentration (all dichotomised

Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/05/11
For personal use only

at the median) and smoking status.

bWald Chi-squared test for the overall significance of the nucleic acid oxidation variables.
8-0x0dG, 8-0x0-7,8-dihydro-2’-deoxyguanosine; 8-oxoGuo, 8-0x0-7,8-dihydroguanosine.

acid oxidation markers was shown (all nucleic acid
oxidation variables, p < 0.0001), with the Spearman
rank correlation coefficient being 0.46 and 0.37 for
8-0x0dG (nmol/24 h) and 8-oxoGuo (nmol/24 h),
respectively (Figures 1 and 2). 8-oxodG was signifi-
cantly associated with iron (8-oxodG (nmol/24 h),
p=0.0003 and 8-0x0dG (nmol/kg/24 h), P= 0.0006),
and a significant association between iron and
8-oxoGuo (nmol/24 h) was shown (p = 0.01). An
inverse association between the RNA oxidation
marker 8-oxoGuo and soluble TfR was observed
(8-oxoGuo (nmol/24 h), p = 0.01 and 8-oxoGuo
(nmol/kg/24 h), p = 0.02). In addition, we found sig-
nificant associations between 8-oxoGuo (nmol/kg/
24 h) and iron, 8-oxodG (nmol/24 h and nmol/kg/
24 h) and haemoglobin and a significant inverse asso-
ciation between 8-0xodG (nmol/24 h) and sTfR, but
when corrected for multiple testing these associations
were no longer significant.

The two nucleic acid oxidation markers 8-oxodG
and 8-oxoGuo were shown to be closely correlated
(p <0.0001), with the Spearman rank correlation
coefficient being 0.68.

Discussion

No association between inflammation and urinary
markers of nucleic acid oxidation was shown in this
study on normal elderly people, with inflammatory
markers within the normal range. This is not in accor-
dance with the general perception that inflammation
and oxidative stress are inseparable phenomena
[20-24] and indicates that a threshold of inflamma-
tion must be reached before an association between
inflammation and urinary markers of nucleic acid
oxidation is seen.

Studies of the association between urinary 8-oxodG
and inflammation are inconclusive [10,11,25,26].

Studies using different methodological approaches
have shown results that are in agreement with ours.
Two studies of the relationship between Helicobacter

pylori infection and urinary 8-oxodG did not show
association between inflammation and 8-oxodG. In a
study of children aged 5-18 years, Siomek et al. [25]
did not find a difference in urinary 8-oxodG (HPLC/
GC/MS) between the tree study groups: Control group
(n = 20), gastritis with H. pylor: infection (n = 23) and
gastritis without H. pylor: infection (z = 20). Shimizu
et al. [26] could not find an association between the
degree of inflammatory cell infiltration and the level
of urinary 8-oxodG (ELISA) in 15 children and 13
parents suffering from H. pylor: infection.

Other studies have shown results that are more in
accordance with the generally accepted understand-
ing of the relationship between oxidative stress and
inflammation.

Sakano et al. [11] found a significant positive asso-
ciation between urinary 8-oxodG (ELISA) and CRP
in females (p = 0.006), but not in males (p = 0.595)
or in the whole study group (p = 0.067) in 677
healthy Japanese people aged 20-67 years. Crohns
et al. [10] reported significant positive associations
between urinary 8-oxodG (HPLC/GC/MS) and CRP
in a study group consisting of 36 non-cancer controls
(aged 18-75 years) and 65 lung cancer patients (aged
48-83 years). The correlation between urinary
8-0x0dG and CRP was significant in the lung cancer
group (p = 0.016) but not in the whole study group
(» = 0.06) and the correlation in the control group
was not mentioned in the work by Crohns et al.

The discordance between these findings of positive
associations between urinary 8-oxodG and inflamma-
tion and our results can be explained in several ways:
The positive association between urinary 8-oxodG
and CRP was only found in sub-groups. When looking
at the association in the whole study group, there was
actually no discordance between our study and the
studies by Sakano et al. [11] and Crohns et al. [10],
since no significant associations were found here.

Different methodological approaches could account
for some inconsistency. Sakano et al. [11] used
ELISA for the determination of 8-oxodG. ELISA is
less specific than HPLC and the ELISA kit may be
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Table III. Multivariable linear regression analysis of the nucleic acid oxidation variables on various inflammation markers.

Nucleic acid oxidation Regression coefficient® of the inflammation marker (95%CI) p°
CRP (ug/ml)
8-0x0dG (nmol/24 h) —0.0539 (—0.1526;0.0448) 0.2828
8-oxoGuo (nmol/24 h) 0.1994 (—0.0432;0.4421) 0.1066
8-0x0dG (nmol/kg/24 h) —0.0006 (—0.0020;0.0007) 0.3577
8-oxoGuo (nmol/kg/24 h) 0.0030 (—0.0007;0.0066) 0.1120
IL-6 (pg/ml)
8-0x0dG (nmol/24 h) —0.2880 (—0.7651;0.1891) 0.2352
8-oxoGuo (nmol/24 h) —0.1605 (—0.9778;0.6568) 0.6987
8-0x0dG (nmol/kg/24 h) —0.0036 (—0.0101;0.0030) 0.2852
8-o0xoGuo (nmol/kg/24 h) —0.0033 (—0.0156;0.0090) 0.5870
Fibrinogen (mg/dl)
8-0x0dG (nmol/24 h) —0.0030 (—0.0173;0.0113) 0.6804
8-o0xoGuo (nmol/24 h) 0.0091 (—0.0162;0.0345) 0.6987
8-0xodG (nmol/kg/24 h) —0.0000 (—0.0002;0.0002) 0.6905
8-oxoGuo (nmol/kg/24 h) 0.0001 (—0.0003;0.0005) 0.5809
IL-1B (pg/ml)
8-0x0dG (nmol/24 h) —0.1917 (—1.1975;0.8141) 0.7073
8-oxoGuo (nmol/24 h) —0.5753 (—2.1573;1.0067) 0.4738
8-0xodG (nmol/kg/24 h) —0.0008 (—0.0146;0.0130) 0.9094
8-oxoGuo (nmol/kg/24 h) —0.0059 (—0.0296;0.0179) 0.6273
IL-1RA (pg/ml)
8-0xodG (nmol/24 h) 0.0025 (—0.0039;0.0088) 0.4460
8-oxoGuo (nmol/24 h) 0.0026 (—0.0079;0.0132) 0.6203
8-0x0dG (nmol/kg/24 h) 0.0000 (—0.0000;0.0001) 0.3924
8-oxoGuo (nmol/kg/24 h) 0.0000 (—0.0001;0.0002) 0.5598
IL-6R (ng/ml)
8-0xodG (nmol/24 h) —0.0182 (—0.0414;0.0050) 0.1235
8-oxoGuo (nmol/24 h) —0.0199 (—0.0596;0.0198) 0.3242
8-0x0dG (nmol/kg/24 h) —0.0002 (—0.0006;0.0001) 0.1446
8-oxoGuo (nmol/kg/24 h) —0.0002 (—0.0008;0.0003) 0.4144
IL-18 (pg/ml)
8-0x0dG (nmol/24 h) 0.0018 (—0.0065;0.0100) 0.6715
8-oxoGuo (nmol/24 h) 0.0009 (—0.0124;0.0143) 0.8892
8-0x0dG (nmol/kg/24 h) 0.0000 (—0.0001;0.0001) 0.9319
8-oxoGuo (nmol/kg/24 h) —0.0000 (—0.0002;0.0002) 0.9397
TNF-o. (pg/ml)
8-0x0dG (nmol/24 h) 0.0435 (—0.0333;0.1204) 0.2648
8-oxoGuo (nmol/24 h) 0.1380 (0.0196;0.2565) 0.0227
8-0x0dG (nmol/kg/24 h) 0.0005 (—0.0006;0.0015) 0.3845
8-o0xoGuo (nmol/kg/24 h) 0.0016 (—0.0002;0.0034) 0.0754

aThe analysis is adjusted for age, body weight and height and iron concentration (all continuously valued), sex and smoking status.

bT-test for the significance of the regression coefficient. To control for the false discovery rate at 5%, p-values lower than 0.0016 are
considered significant.

CRP, C-reactive protein; IL-6, Interleukin-6; IL-13, Interleukin-18; IL-1RA, Interleukin-1 receptor antagonist; IL-6R, Interleukin-6
receptor; I1-18, Interleukin-18; TNFa, Tumour necrosis factor-alpha; 8-oxodG, 8-0x0-7,8-dihydro-2’-deoxyguanosine; 8-oxoGuo, 8-0x0-7,

8-dihydroguanosine.

cross-reactive towards other compounds. The
collection of urine was different in the studies. In our
study we used 24-h collection, while Crohns et al.
[10] and Sakano et al. [11] used collection for shorter
periods normalized to creatinine concentration.

The population in the study by Crohns et al. [10]
consisted of lung cancer patients. Controls were
patients referred for bronchoscopy due to prolonged
cough, who had several pathological conditions includ-
ing acute and chronic inflammation, whereas our
study population were primarily healthy subjects. A
comparison between patients (with or without cancer)
and primarily healthy subjects is problematic, as
different levels of inflammation and nucleic acid

oxidation and repair are expected. In this case,
possible explanations for the difference in results
could be that an association may only hold for “ill’
patients (or ‘ill’ vs ‘healthy’) or that the range of nucleic
acid oxidation and inflammatory markers in our study
of healthy subjects is too small and any association is
masked by natural variation.

Further studies are needed to examine the impact
of higher levels of inflammation on urinary markers
of nucleic acid oxidation.

Some limitations of our study should be noted.
First, the size of our study population is limited to
220 persons, which could result in too little statistical
power to detect small differences. Our study had 80%
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Table IV. Multivariable linear regression analysis of the nucleic acid oxidation variables on various markers of iron status.

Nucleic acid oxidation

Regression coefficient® of the marker of iron status (95%CI)

Pb

Iron (ug/dl)
8-0x0dG (nmol/24 h)
8-0xo0Guo (nmol/24 h)
8-0x0dG (nmol/kg/24 h)
8-0xoGuo (nmol/kg/24 h)
Haematocrit (%)
8-0x0dG (nmol/24 h)
8-0x0Guo (nmol/24 h)
8-0xodG (nmol/kg/24 h)
8-0xoGuo (nmol/kg/24 h)
Haemoglobin (g/dl)
8-0x0dG (nmol/24 h)
8-0xo0Guo (nmol/24 h)
8-0xodG (nmol/kg/24 h)
8-oxoGuo (nmol/kg/24 h)
Ferritin (ng/ml)
8-0x0dG (nmol/24 h)
8-0xo0Guo (nmol/24 h)
8-0x0dG (nmol/kg/24 h)
8-oxoGuo (nmol/kg/24 h)
sTfR (nmol/l)
8-0x0dG (nmol/24 h)
8-0x0Guo (nmol/24 h)
8-0x0dG (nmol/kg/24 h)
8-0xoGuo (nmol/kg/24 h)

0.0853 (0.0399;0.1307)
0.0958 (0.0221;0.1694)
0.0011 (0.0005;0.0017)
0.0012 (0.0001;0.0023)

0.3399 (—0.0801;0.7598)
0.4453 (—0.2344;1.1250)
0.0044 (—0.0014;0.0101)
0.0062 (—0.0040;0.0163)

1.2161 (0.0847;2.3474)
1.6297 (—0.2059;3.4652)
0.0156 (0.0001;0.0311)
0.0223 (—0.0051;0.0497)

0.0230 (0.0157;0.0302)
0.0268 (0.0143;0.0392)
0.0003 (0.0002;0.0004)
0.0004 (0.0002;0.0006)

—0.1913 (—0.3782;—0.0044)
—0.3795 (—0.6730;—0.0859)

—0.0025 (—0.0051;0.0001)

—0.0053 (—0.0097;—0.0009)

0.0003
0.0111
0.0006
0.0366

0.1121
0.1977
0.1333
0.2311

0.0353
0.0815
0.0484
0.1105

0.0001
0.0001
0.0001
0.0001

AN NN A

0.0449
0.0116
0.0551
0.0180

aThe analysis is adjusted for age, body weight and height (all continuously valued), sex and smoking status.

bT-test for the significance of the regression coefficient. To control for the false discovery rate at 5%, p-values lower than 0.0225 are

considered significant.

sTfR, Soluble Transferrin Receptor; 8-0xodG, 8-0x0-7,8-dihydro-2’-deoxyguanosine; 8-oxoGuo, 8-0x0-7,8-dihydroguanosine.

power to detect an effect size of 0.35, reflecting a
small-to-medium difference. Second, only elderly
people were included in our study population.
This makes it difficult to extrapolate our results to
the population in general. Differences in morbidity,

70 ~

60 -

50

Urinary 8-oxodG (nmol/24h)

Figure 1. Relationship between ferritin concentration and urinary 8-oxodG excretion.

Ferritin (ng/ml)

hormonal status, etc., between young and older
people could have an impact on the relationship
between oxidative stress and inflammation.

One interpretation of our results is that urinary
8-0x0dG does not reflect inflammation at all, but,
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Figure 2. Relationship between ferritin concentration and urinary 8-oxoGuo excretion.

considering the substantial evidence of an association
between oxidative stress and inflammation, we sug-
gest another explanation. As urinary 8-oxodG reflects
whole body DNA oxidation, it is possible that the
small variability at low-grade inflammation leads to a
lack of association. The substantial inter-individual
variability in the urinary excretion of 8-oxodG [27]
makes it likely that a small contribution of nucleic
acids oxidation resulting from low-grade inflamma-
tion is masked by the overall variation and that a
significant association is seen only at a greater inflam-
matory burden, resulting in higher levels of inflam-
matory markers in blood.

The relationship between chronic inflammation
and iron status is well described [28] and studies
indicate that body iron storage is an important
determinant of oxidative damage to DNA [29]. To
control our analysis for the possible confounding
effect of iron status on nucleic acid oxidation, our
analyses were adjusted for iron concentration and, to
further elucidate the relationship between nucleic
acid oxidation and iron status, we performed a post-
hoc multivariable linear regression analysis of the
nucleic acid oxidation variables on iron status mark-
ers. In our study the previously shown close positive
association between ferritin and 8-oxodG/8-oxoGuo
[29-32] was confirmed. In addition, a positive asso-
ciation between nucleic acid oxidation and iron was
demonstrated and the expected inverse association
between nucleic acid oxidation and soluble transfer-
ring receptor was shown, although this was only sig-
nificant for RNA-oxidation. These results indicate
that nucleic acid oxidation is tightly linked to iron

status, where storage iron, as reflected by ferritin
levels, seems to be of greatest importance. This
also suggests that the possible confounding effect of
iron status should be taken into account whenever
possible, when conducting clinical studies on nucleic
acid oxidation.

In conclusion, this study shows no association
between low-grade inflammation and urinary mark-
ers of nucleic acid oxidation in a population of elderly
Italian people. The present findings suggest that
low-grade inflammation only has a negligible impact
on whole body nucleic acid oxidation and that at
low-grade inflammation other factors are more sig-
nificant determinants of nucleic acid oxidation, where
iron status seems to be of great importance.
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