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ABSTRACT
Background: Oxidative stress may be important in carcinogenesis and a possible risk factor for
breast cancer. The urinary excretion of oxidatively generated biomolecules, such as 8-oxo-7,8dihydro-2'-deoxyguanosine (8-oxodG), represents biomarkers of oxidative stress, reflecting the
rate of global damage to DNA in steady state.
Methods: In a nested case-control design we examined associations between urinary excretion of
8-oxodG and risk of breast cancer in a population-based cohort of 24,697 postmenopausal
women aged 50-64 year with 3-7 years follow-up.

The accruing cases of breast cancer were

matched to controls by age at diagnosis, baseline age and hormone replacement therapy (HRT).
Spot urine samples collected at entry was analysed for 8-oxodG by HPLC with electrochemical
detection. Incidence rate ratio (IRR; 95% confidence intervals) based on 336 matched pairs with
all information was estimated per unit increase in 8-oxodG divided by creatinine for all and
estrogen receptor (ER) positive and negative breast cancers.
Results: There was a borderline significant positive association between 8-oxodG and risk of all
breast cancer (IRR: 1.08; 1.00-1.17 per unit increase in nmol/mmol creatinine). This association
was significant with respect to the risk of ER positive cancer (IRR: 1.11; 1.01-1.23) and among
women not using HRT (IRR: 1.11 (0.97-1.26) or with low dietary iron intake (IRR: 1.10; 1.061.37 per unit increase) for all breast cancer.
Conclusion: We observed positive association between 8-oxodG excretion and risk of especially
ER positive breast cancer.
Impact: Our results suggest that oxidative stress with damage to DNA is important for the
development of breast cancer.
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INTRODUCTION
Oxidative stress is thought to be involved in the etiology of many forms of cancer including
breast cancer (1;2). Estrogens can generate intracellular oxidative stress with both genotoxic and
signalling consequences through redox cycling of catechol metabolites and mitochondrial
dysfunction, partly dependent on expression of estrogen receptors (ER1) (2). Oxidized guanine
(8-oxoGua), frequently measured as 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG) is one of
the most abundant oxidative stress-induced lesion in DNA, resulting from direct oxidation or
from possibly DNA polymerase dependent incorporation of 8-oxodGTP from the nucleotide pool
(3-5). 8-OxoGua in DNA causes G-T transversion mutations upon replication of DNA (6), unless
excised by oxoguanine DNA glycosylase (OGG1) (7;8). Experimental studies indicate that
estrogens, especially equine and synthetic estrogens can induce 8-oxodG in cell types expressing
ER (2;9;10). Moreover, elevated levels of 8-oxodG or oxidized purines have been found in
breast cancer tissue (11-14). Accordingly, oxidative stress and DNA damage could play a role in
development of ER receptor positive postmenopausal cancer with hormone replacement therapy
(HRT) as possible risk factor (15).
Biomarkers of oxidative stress include oxidized nucleobases in leukocytes and urinary excretion
of 8-oxoGua and 8-oxodG, originating from sanitization of the nucleotide pool for oxidized
dGTP and possibly alternative repair pathways in DNA (3;16). Several epidemiological studies
have addressed risk of breast cancer associated with these biomarkers in urine samples assayed
by chromatographic methods with electrochemical or mass spectrometry-based detection or by
ELISA. Large scale inter-laboratory and other validation studies have documented that ELISAbased measurement of 8-oxodG is unspecific and imprecise, not discriminating between healthy
subjects and patients (17;18). Indeed, one case-control study with approximately 1100 cases and
one nested-in-cohort prospective case-control study with 326 cases employing ELISA-based
assay of 8-oxodG found no association between the level and risk of breast cancer (19-21). In
contrast, four smaller case-control studies with a total of more than 400 cases and using
chromatographic measurement of 8-oxodG all found significantly higher risk of breast cancer
associated with high excretion levels (22-25). Accordingly, the more accurate chromatographic
assays might be required to detect associations with risk of breast cancer. This is in line with
elevated levels of oxidised guanine or similar biomarkers found in leukocytes and plasma from
patients with breast cancer compared with controls (25;26). Alternatively, associations found in
the case-control studies might result from reverse causality if breast cancer per se causes
increased formation or excretion of 8-oxodG (27). This possibility is supported by decreasing
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excretion of 8-oxodG after tumor removal in breast cancer patients (24). Furthermore,
associations between 8-oxodG and risk of breast cancer could be modified by intake of fruit and
vegetables, which might reduce oxidative stress-induced DNA damage (28), or of iron, which
has been suggested to be a risk factor of breast cancer via oxidative stress (1) .
In this study, we examined the association between the urinary excretion of 8-oxodG measured
by a chromatographic method and later risk of breast cancer in a population-based cohort of
24,697 postmenopausal women aged 50-64 year with 3-7 years follow-up. We addressed
specifically the risk of ER positive tumors and the possible influence of HRT as well as intake of
fruit, vegetables and iron.

1

Abbreviations: ER, estrogen receptor, HRT, hormone replacement therapy; IRR, incidence rate

ratio; OGG1, oxoguanine DNA glycosylase 1; 8-oxodG, 8-oxo-7,8-dihydro-2'-deoxyguanosine;
8-oxoGua, 8-oxo-7,8-dihydroguanine
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Materials and Methods
Study population
We used a previously described study population addressing risk of postmenopausal breast
cancer in the prospective Danish follow-up study, “Diet, Cancer and Health”, approved by the
ethical committees on human studies in Copenhagen and Aarhus and Danish Data Protection
Agency (29;30). From December 1993 to May 1997, 79,729 women aged 50-64 years, born in
Denmark, living in the greater Copenhagen or Aarhus areas and without previously registered
cancer in the Danish Cancer Registry were invited to participate in study. A total of 29,875
women accepted the invitation and visited one of two established study centers where spot
urinary samples were collected. The women completed a food frequency questionnaire and a
lifestyle questionnaire, including questions about reproductive factors, health status, social
factors and lifestyle habits as described previously (30). From this, we obtained information
about years of school education (short: ≤ 7 years, medium: 8-10 years, or long: ≥ 10 years),
parity (parous/nulliparous, number of births and age at first birth), use (never, past, current in
relation to urine sampling) and duration of HRT. Health professionals obtained anthropometrical
measurements and body mass index (BMI: weight/height2 in kg/m2).
Of the 29,875 women enrolled in the study, 326 were reported to the Danish Cancer Registry
with a cancer diagnosed before their baseline visit and therefore excluded. Eight women were
excluded from the study because they did not complete the lifestyle questionnaire. Further 4,844
women were not considered postmenopausal and excluded; 4,798, who were considered
premenopausal, with at least one menstruation within the 12 months prior to study-entry and no
use of HRT; 9 with no lifetime history of menstruation; and 37 who did not answer the questions
about current or previous use of HRT. Known postmenopausal women were either 1) nonhysterectomized and reporting no menstruation during the 12 months before inclusion, 2)
reporting bilateral oophorectomy, or 3) reporting age at last menstruation lower than age at
hysterectomy. Probable postmenopausal women were either 1) reporting menstruation during the
12 months prior to inclusion and current use of HRT (we assumed the bleeding were caused by
HRT), 2) reported hysterectomy with a unilateral oophorectomy or an oophorectomy of
unknown laterality, or 3) reported last menstruation at the same age as that at hysterectomy.
Accordingly, 24,697 postmenopausal women remained in the cohort. Cohort members were
identified by a personal identification number allocated to every Danish citizen and information
on vital status and emigration was retrieved by linkage to the Central Population Registry,
whereas information of cancer occurrence was obtained by linkage to the Danish Cancer
Registry. Follow-up for breast cancer was performed on each woman from the date of entry (date
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of visit to the study center) until diagnosis of cancer (all except non-melanoma skin cancer), date
of death, date of emigration or 31 December 2000. During the follow-up period, 434 women
from the cohort were diagnosed with breast cancer, of these 84 were diagnosed within the first
year of follow-up. The median (5-95 percentiles) period from collection of the urinary samples to
diagnosis was 2.4 (0.2-4.9) years.
In addition to the Danish Cancer Registry, the Danish Breast Cancer Co-operative Group
(DBCG) registry has information concerning approximately 90% of all Danish breast cancer
cases, and includes information on ER status (31). A standardized immunohistochemical method
is used with a cut-off level used to define positive receptor status as 10%, or more, positive cells.
Matching of cases and controls
It was not feasible to determine urinary levels of 8-oxodG for all cohort members and we
used a nested case-control design. For each of the 434 cases one control was selected as cancerfree at the exact age at diagnosis of the case and match of certainty of postmenopausal status
(known/probably menopausal), use of HRT on inclusion into the cohort (current/former/never)
and age on entry into the cohort (6 month intervals) by incidence density sampling.
Of the 434 pairs (866 women: 434 cases; and 434 controls, including two cases), 58 pairs
were excluded due to the lack of a urine sample or to failure of the analysis to resolve 8-oxodG
sufficiently for quantification in one or both samples from a pair. Further, 40 pairs were excluded
because information was missing in either case or control on one or more of the potential
confounding factors, including: number of births or age at first birth (15 pairs), education (1
pair), duration of HRT use (22 pairs), alcohol intake (1 pair) and BMI (1 pair), thus leaving 336
case-control pairs for study.

Urine sample storage and analysis
Urine samples collected at entry in the study were frozen at -20°C within 2 hours and from
the end of the day stored at -150°C until analysis with short storage at -80°C.
The urinary concentrations of 8-oxodG was determined by column-switching HPLC with
electrochemical detection as described elsewhere (32).

The intrabatch and interbatch

coefficients of variations were below 6%. The assay has been validated by almost identical
results from randomly selected urine samples dG in two other laboratories employing
chromatography methods with electrochemical detection (r=0.95)

(33) or tandem mass

spectrometry detection (r=0.99) (34). We have stored urine samples at -20°C and repeatedly
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measured for 8-oxodG during 15 years without decline in concentrations achieving values within
10% of the original measurements. The urinary concentration of creatinine was determined by a
standard colorimetric method(17).
Statistical methods
Due to the design with match on age at cancer diagnosis, we used conditional logistic
regression analyses to estimate the breast cancer incidence rate ratios (IRRs).
We evaluated the potentially confounding effects of a set of baseline values of established
risk factors for breast cancer: parity (yes/no), number of births (linear), age at first birth (linear),
length of school education (short, medium, long), duration of HRT (linear), BMI (linear), and
alcohol intake (linear) as well as smoking status (never, former, current), duration (years) and
intensity (g/day), which has a known effect on 8-oxodG excretion (35). The choice of potential
confounders was based on the information obtainable from the questionnaire and a literaturebased assessment of the most important variables.
All quantitative variables were entered linearly in the model (36). The linearity of the
associations was evaluated graphically using linear splines with three boundaries placed at the
quartile cut points according to the exposure distribution among cases (36). None of the
associations showed signs of inflection or threshold values.
The association between excretion of 8-oxodG and the investigated confounders as well as
dietary intake of fruits and vegetables was assessed by categorized analysis as well as linear
regression in univariate and mutually adjusted analysis.
SAS, release 6.12; SAS Institute, Inc., Cary, NC was used for the analyses.

RESULTS
Information about ER status of the tumors was obtained for 393 (92%) cases of breast
cancer, with 302 tumors reported to be ER-positive and 91 tumors ER-negative. Information
about ER status was not obtained for the remaining 33 cases; it was not possible to determine ER
status on 9 in situ tumors, and 24 tumors could not be found in the DBCG registry.
Baseline characteristics of the study population are presented in Table 1. Cases had a longer
duration of HRT, a higher alcohol intake and more often a longer school education than controls,
although none of these factors were significantly associated with the risk of breast cancer. Age at
baseline and use of HRT was identical among cases and controls due to the matching.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication
but have
not and
yet been
Urinary
8-oxodG
breastedited.
cancer, p 8

The level of 8-oxodG was successfully measured in 402 samples from cases and 402 samples
from controls. This allowed 336 matched pairs with complete information on potential
confounders for data analysis. Table 2 shows the association between 8-oxodG excretion and life
style and potential risk factors for cancer. A high intake of fruit was associated with high
excretion of 8-oxodG among controls. If intake of fruit was expressed per energy intake this
difference in 8-oxodG excretion was still present among controls and reached statistical
significance among cases as well (1.67, 95%CI: 0.48-6.16 nmol/mmol creatinine versus 2.01,
95% CI: 0.55-7.15 nmol/mmol creatinine). Expression of intake of vegetables or iron per energy
intake had no effect on the difference related to high or low intake with respect to 8-oxodG
excretion. The excretion of 8-oxodG was 30% higher in active smokers as compared with neversmokers among cases and controls combined. There were no significant associations between the
excretion of 8-oxodG and alcohol consumption, intake of iron and vegetables, BMI, education,
use of HRT or reproductive history.
Table 3 shows the association between 8-oxodG excretion and the subsequent risk of breast
cancer. In the whole population there was a borderline significant positive association between
8-oxodG and risk of breast cancer in adjusted analysis. This association was more pronounced
and significant with respect to the risk of ER-positive cancer.
Table 4 shows the associations between the risk of breast cancer and excretion of 8-oxodG
according to HRT use, smoking, intake of fruit, vegetables and iron and use of iron supplement.
The association between breast cancer risk and 8-oxodG excretion appeared to be confined to
women with a low dietary intake of iron and a similar but not significant pattern for use of iron
supplements, whereas none of the other factors showed any signs of interactions.
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DISCUSSION
In this study, we found a positive association between urinary excretion of 8-oxodG, a biomarker
of oxidative stress-induced damage to DNA and subsequent risk of breast cancer in a large
cohort of postmenopausal women. The association was borderline significant in the whole
population and significantly enhanced for women with ER positive cancer and in women with
low iron intake.
Our results are consistent with smaller case-control studies showing elevated levels of
chromatographically measured 8-oxodG in urine among breast cancer cases compared to healthy
controls (22-25). However, these studies lack details on menopause, HRT and receptor status,
relative risk was not estimated and reverse causality is possible because of the case-control
design. Indeed, one case-control study reported that the high levels of 8-oxodG measured in the
urine of the 150 cases decreased after surgical treatment of the tumor to the levels found in
controls, suggesting that the tumor presence could give rise to high urinary 8-oxodG excretion
levels (24). A larger case-control study with 1066 cases and a prospective study with 350 cases
split in pre- and postmenopausal cancer found no association between 8-oxodG excretion and
breast cancer risk in logistic regression analysis (19-21). Nevertheless, these studies used ELISA
based measurement of 8-oxodG which show substantially less precision, accuracy and ability to
discriminate patients and healthy subjects compared with the chromatographic assays (17;18).
This could increase measurement error in exposure assessment biasing risk towards null.
Furthermore, the studies do not report on separate analysis of postmenopausal women, HRT
users, dietary interactions or for ER positive cancer.
The present study on a homogenous postmenopausal population of women was prospective and
effects of cancer on the excretion of 8-oxodG can thus be excluded. Indeed, exclusion of cases
diagnosed within one year of sample collection did not change the results. Although we had
limited power for subgroup analysis the excretion of 8-oxodG was mainly associated with the
risk of ER positive cancer, suggesting a specific role of oxidative stress for this form. This could
be in consistence with cell culture experiments showing estrogen-induced DNA oxidation to be
ER dependent (2;9;10). However, the risk of breast cancer associated with high excretion of 8oxodG in the present study did not appear related to the high level of estrogens from HRT use
because the association was slightly less pronounced in women using HRT, although there was
no significant interaction. On the other hand, 8-oxodG excreted into urine can originate from all
cells in the body. The excretion of 8-oxodG represents in steady state an average rate of
oxidative damage to guanine in dGTP and probably DNA although repair pathways for the latter
resulting in 8-oxodG have yet to be demonstrated (3). The contribution from the breast tissue to
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urinary 8-oxodG is unknown, but likely to be low, and at present the excretion can be considered
as a biomarker of general or global oxidative stress levels. That is also consistent with our
previous finding of associations between risk of lung cancer and high excretion of 8-oxodG and
8-oxoGua as well as mRNA expression of the related base excision repair enzyme OGG1 among
non-smokers (33;37;38).
In general smokers excrete more 8-oxodG than non-smokers do in accordance with the
present results (32;35;39;40). The risk estimates obtained after adjustment for smoking can thus
be interpreted as an association between the variation in 8-oxodG, which is not attributed to
smoking, and breast cancer. A number of other factors are known to influence the 8-oxodG
excretion, but none are likely to be particularly relevant in the present study. Exposure to
ambient air pollution, several occupational hazards, high altitude and exhaustive exercise have
been associated with increased 8-oxodG excretion (41-44). The present positive association
between intake of fruit and excretion of 8-oxodG among controls is not easily explained. In
another subset for a nested case-cohort based study of the risk of lung cancer in the same cohort
we found no association between fruit and vegetable intake and 8-oxodG excretion (33).
Moreover, studies of a high intake or intervention with fruits and vegetables in particular with
high diversity or supplements with putatively active compounds collectively suggest decreased
DNA oxidation in leukocytes and 8-oxodG excretion (28;45;46). Nevertheless, neither smoking
nor intake of fruit or vegetables appeared to modify the associations between 8-oxodG excretion
and risk of breast cancer. In contrast, the association between 8-oxodG and risk of breast cancer
appeared confined to women with a low dietary intake of iron and a similar pattern was seen for
use of iron supplements although the latter interaction was not statistically significant.
Accordingly, the association is not likely to be related to oxidative stress caused by a high iron
intake, consistent with the lack of association between iron intake and risk of postmenopausal
breast cancer in American cohort studies (47;48), although other indices of body iron storage
might support an association between iron load and risk (1).
In urine, 8-oxodG is stable at only -20°C, far beyond the storage time of the present study.
Excellent inter-laboratory agreement between different chromatographic methods and a low
analytical coefficient of variation indicate that measurement error was limited. However, only
one spot sample of urine was collected at enrolment and this may not be representative for the
long period at risk. Nevertheless, the urinary excretion of 8-oxodG is relatively constant within
an individual showing coefficients of variations less than 20% over prolonged periods of time
(18;49;50).
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The concentrations of 8-oxodG had to be adjusted by creatinine concentration (18).
Creatinine excretion is affected by muscle mass possibly explaining higher levels of 8-oxodG per
creatinine with increasing age, whereas 24-h urinary collection show decreased excretion with
age (32;50). However, age associated differences in 8-oxodG excretion are not likely to affect
our results concerning breast cancer risk because the controls were matched for age and the
subjects had a narrow age span. Furthermore, the cases and controls had similar BMI at
enrolment.
Unfortunately, prospective study of the levels of 8-oxodG in leukocytes, or even better in
breast or other tissues, in relation to risk of cancer faces great challenges. This is due to the
laborious sampling, tissue or cell preparation and assays required for measurement in high
numbers at entry in cohorts or if applied in a nested design based on biobank material the likely
spurious oxidation of DNA during storage in cells without very demanding preparation l (27).
In conclusion, this case-control study nested in a population-based cohort indicates that the
risk of ER positive breast cancer is associated with urinary excretion of 8-oxodG, a biomarker of
oxidative stress. This supports the hypothesis that oxidative stress is involved in the
pathogenesis, whereas this was not related to use of HRT or a high iron intake in our study. Our
results appear at odds with a similar cohort study that assessed 8-oxodG by an ELISA assay with
limited accuracy and precision. Accordingly, the excretion of 8-oxodG and similar products of
oxidatively damaged DNA assayed by accurate and precise methods as risk factors for breast
cancer warrants study in larger prospective settings, which is feasible due to the stability of the
compounds in urine.
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Table 1. Baseline characteristics and associated incidence rate ratio (IRR) of postmenopausal
breast cancer among cases and controls in the Danish “Diet, Cancer and Health” study
Cases (N=336)

Controls (N=336)

IRR (95% CI)1

Median

(5%, 95%)

Median

(5%, 95%)

6

(1-20)

5

(1-21)

1.00 (0.96-1.04)

23

(18-32)

23

(18-31)

1.04 (0.83-1.30)

2

(1-4)

2

(1-4)

0.87 (0.71-1.06)

BMI (IRR per 5 units )

25

(20-34)

25

(20-34)

1.09 (0.90-1.32)

Alcohol intake g/day (IRR per
10 g/day)

11

(0-44)

10

(1-44)

1.12 (1.00-1.24)

Smoking duration (years)6

30

(3-45)

32

(4-46)

0.98 (0.95-1.02)

Amount (g tobacco/day)7

15

(3-25)

15

(4-30)

0.98 (0.96-1.01)

Duration of HRT use in years
Age at first birth

2

3
4

Number of births

5

Smoking status at inclusion
Never

43%

39%

1

24%
32%

24%
36%

1.15 (0.65-2.02)
1.87 (0.75-4.66)

≤ 7 years

29%

34%

1

8-10 years

47%

47%

1.08 (0.73-1.59)

≥ 11 years

24%

18%

1.47 (0.91-2.39)

13%

13%

0.66 (0.34-1.29)

Former
Current
School education

Nulliparous8

1

Estimates are mutually adjusted
Among ever users of hormone replacement therapy (HRT), per additional year of use
3
Among parous women, per 5 year increment in age at first birth
4
Among parous women, Rate ratio per additional birth
5
Body mass index kg/m2 (BMI)
6
Among ever smokers
7
Among current smokers
8
Rate ratio for nulliparous versus one birth at age 35 years
2
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Table 2. Excretion of 8-oxo-7,8-dihydro-2’deoxyguanosine (8-oxodG) according to estrogen
receptor (ER) status, use of HRT, age, BMI, fruit, vegetable and iron intake, and use of iron
supplement among subsequent cases of breast cancer and matched controls.
N
8-OxodG (nmol/mmol creatinine; median (5-95%))
Cases/controls
Cases
P1
Controls
P1
All
Receptor status
ER Positive
ER Negative

336/336

1.86 (0.52-6.59)
0.38

239
73

1.86 (0.55-6.58)
1.86 (0.50-5.74)

HRT use at inclusion
Never
Former
Current

120/120
46/46
170/170

2.02 (0.56-7.03)
1.91 (0.52-6.58)
1.73 (0.52-6.56)

Parity
Nulliparous
Parous

42/43
294/293

1.76 (0.55-5.76)
1.87 (0.52-6.59)

Smoking status at
inclusion
Never
Former
Current

1.75 (0.47-6.28)

0.34

0.47
1.82 (0.62-6.07)
1.64 (0.48-4.85)
1.73 (0.42-6.63)

0.95

0.85
1.77 (0.62-6.29)
1.74 (0.46-6.17)

0.10
146/132
81/82
109/122

1.65 (0.66-6.16)
1.86 (0.54-5.52)
2.22 (0.48-10.54)

0.02
1.62 (0.59-5.35)
1.58 (0.33-4.85)
1.98 (0.57-7.58)

0.64
Alcohol consumption
< 10.6 g/day
≥ 10.6 g/day

159/177
177/159

1.83 (0.54-6.56)
1.87 (0.51-7.47)

BMI
<25
≥25

176/180
160/156

1.82 (0.50-7.04)
1.91 (0.62-6.57)

Intake of fruit
< 175 gram/day
≥ 175 gram/day

154/182
182/154

1.76 (0.51-6.56)
1.87 (0.55-6.91)

Intake of vegetables
< 164 gram/day
≥164 gram/day

166/171
170/165

1.82 (0.54-6.91)
1.87 (0.52-6.56)

Intake of iron
< 11.47 mg/day
≥ 11.47 mg/day

153/183
183/153

1.87 (0.48-7.04)
1.80 (0.55-5.87)

Use of iron supplement
Yes
No

171/164
165/172

1.87 (0.62-7.25)
1.80 (0.52-6.56)

1

0.60
1.74 (0.50-5.97)
1.76 (0.45-7.38)

0.44

0.62
1.73 (0.48-6.39)
1.77 (0.46-5.77)

0.11

0.002
1.58 (0.40-5.35)
1.89 (0.59-7.38

0.68

0.79
1.74 (0.42-6.51)
1.76 (0.51-6.17)

0.65

0.78
1.75 (0.47-5.35)
1.71 (0.48-6.49)

0.44

0.16
1.88 (0.50-6.29)
1.62 (0.46-6.17)

P values for equal levels in categories by Kruskal-Wallis Test
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Linear estimates
Per 1 unit increase
Cases (336)

Crude

Quartiles of 8-oxodG in nmol per mmol creatinine
0.12-1.15

1.15-1.78

1.78-2.84

2.84-25.42

P trend1

Adjusted1

1.06 (0.99-1.15) 1.08 (1.00-1.17)

1

0.78 (0.50-1.22) 0.88 (0.54-1.43) 1.42 (0.86-2.34)

0.06

All ER+ (239) 1.09 (0.99-1.19) 1.11 (1.01-1.23)

1

0.80 (0.47-1.36) 0.93 (0.51-1.70) 1.62 (0.90-2.90)

0.04

All ER- (73) 0.95 (0.83-1.10) 0.96 (0.82-1.13)

1

0.25 (0.06-1.01) 0.35 (0.09-1.27) 0.51 (0.13-1.95)

0.65

All (336)

1

Adjusted for baseline levels of smoking status (never, former, current), amount (g/day) and duration (years) of smoking, parity
(age at first birth and number of births), education, intake of alcohol, BMI and duration of HRT use
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Table 3. Incidence rate ratios (IRR) with 95% confidence intervals of all and estrogen receptor (ER) specific breast cancer
for one unit increase and for quartiles in 8-oxo-7,8-dihydro-2’deoxyguanosine (8-oxodG) in nmol per mmol creatinine
excretion in urine samples collected up to 5 years before diagnosis
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Smoking status at
inclusion
Never
Current

142/132
109/122

1.07
1.05

0.92-1.25
0.96-1.14

0.82

1.07
1.06

0.91-1.25
0.97-1.16

0.94

Intake of fruit
< 175 gram/day
≥ 175 gram/day

153/183
183/153

1.08
1.04

0.97-1.20
0.94-1.14

0.54

1.09
1.06

0.97-1.21
0.95-1.17

0.68

Intake of vegetables
< 164 gram/day
≥ 164 gram/day

166/171
170/165

1.10
1.04

0.98-1.23
0.95-1.14

0.47

1.12
1.05

0.99-1.26
0.96-1.16

0.40

Intake of iron
< 11.47 mg/day
≥ 11.47 mg/day

153/183
183/153

1.17
1.01

1.04-1.33
0.93-1.10

0.05

1.21
1.01

(1.07-1.38)
(0.93-1.11)

0.02

Use of iron
supplement
Yes
No

171/164
165/172

1.03
1.10

(0.94-1.14)
(0.99-1.22)

0.35

1.04
1.12

0.94-1.15
1.00-1.26

0.31

1)

P-value for interaction
Adjusted for baseline levels of: smoking status (never, former, current), amount (g/day) and duration (years), parity (age
at first birth and number of births), education, intake of alcohol, BMI and duration of HRT use
2)

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

Table 4. Incidence rate ratio (IRR) of breast cancer in relation to excretion of 8-oxo-7,8-dihydro-2’deoxyguanosine
(8-oxodG) according to use of HRT, smoking, intake of fruit, vegetables and iron and use of iron supplement.
Cases/
Per 1 nmol 8-oxodG /mmol
Per 1 nmol 8-oxodG/mmol
controls
creatinine Unadjusted
creatinine
Adjusted 2)
IRR
95% CI
P 1)
IRR
95% CI
P 1)
HRT use
Never
120/120
1.09
0.96-1.24
0.45
1.11
0.97-1.26
0.41
Current
170/170
1.03
0.94-1.12
1.03
0.94-1.14

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication
but8-oxodG
have notand
yetbreast
been cancer,
edited. p 16
Urinary

Reference List
(1) Huang X. Does iron have a role in breast cancer? Lancet Oncol 2008; 9: 803-807.
(2) Okoh V, Deoraj A, Roy D. Estrogen-induced reactive oxygen species-mediated
signalings contribute to breast cancer. Biochim Biophys Acta 2011; 1815: 115-133.
(3) Cooke MS, Olinski R, Loft S. Measurement and meaning of oxidatively modified DNA
lesions in urine. Cancer Epidemiol Biomarkers Prev 2008; 17: 3-14.
(4) Foti JJ, Devadoss B, Winkler JA, Collins JJ, Walker GC. Oxidation of the guanine
nucleotide pool underlies cell death by bactericidal antibiotics. Science 2012; 336: 315319.
(5) Fotouhi A, Skiold S, Shakeri-Manesh S, Osterman-Golkar S, Wojcik A, Jenssen D et al.
Reduction of 8-oxodGTP in the nucleotide pool by hMTH1 leads to reduction in
mutations in the human lymphoblastoid cell line TK6 exposed to UVA. Mutat Res 2011;
715: 13-18.
(6) Kasai H. Analysis of a form of oxidative DNA damage, 8-hydroxy-2'- deoxyguanosine,
as a marker of cellular oxidative stress during carcinogenesis. Mutat Res 1997; 387: 147163.
(7) Aburatani H, Hippo Y, Ishida T, Takashima R, Matsuba C, Kodama T et al. Cloning and
characterization of mammalian 8-hydroxyguanine-specific DNA glycosylase/apurinic,
apyrimidinic lyase, a functional mutM homologue. Cancer Res 1997; 57: 2151-2156.
(8) Boiteux S, Radicella JP. The human OGG1 gene: structure, functions, and its implication
in the process of carcinogenesis. Arch Biochem Biophys 2000; 377: 1-8.
(9) Wellejus A, Loft S. Receptor-mediated ethinylestradiol-induced oxidative DNA damage
in rat testicular cells. FASEB J 2002; 16: 195-201.
(10) Wang Z, Chandrasena ER, Yuan Y, Peng KW, van Breemen RB, Thatcher GR et al.
Redox cycling of catechol estrogens generating apurinic/apyrimidinic sites and 8-oxodeoxyguanosine via reactive oxygen species differentiates equine and human estrogens.
Chem Res Toxicol 2010; 23: 1365-1373.
(11) Musarrat J, Arezina-Wilson J, Wani AA. Prognostic and aetiological relevance of 8hydroxyguanosine in human breast carcinogenesis. Eur J Cancer 1996; 32A: 1209-1214.
(12) Matsui A, Ikeda T, Enomoto K, Hosoda K, Nakashima H, Omae K et al. Increased
formation of oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine, in human breast
cancer tissue and its relationship to GSTP1 and COMT genotypes. Cancer Lett 2000;
151: 87-95.
(13) Li D, Zhang W, Zhu J, Chang P, Sahin A, Singletary E et al. Oxidative DNA damage and
8-hydroxy-2-deoxyguanosine DNA glycosylase/apurinic lyase in human breast cancer.
Mol Carcinog 2001; 31: 214-223.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication
but8-oxodG
have notand
yetbreast
been cancer,
edited. p 17
Urinary

(14) Nowsheen S, Wukovich RL, Aziz K, Kalogerinis PT, Richardson CC, Panayiotidis MI et
al. Accumulation of oxidatively induced clustered DNA lesions in human tumor tissues.
Mutat Res 2009; 674: 131-136.
(15) Tjonneland A, Christensen J, Thomsen BL, Olsen A, Overvad K, Ewertz M et al.
Hormone replacement therapy in relation to breast carcinoma incidence rate ratios: a
prospective Danish cohort study. Cancer 2004; 100: 2328-2337.
(16) Loft S, Poulsen HE. Estimation of oxidative DNA damage in man from urinary excretion
of repair products. Acta Biochim Pol 1998; 45: 133-144.
(17) European Standards Committee on Urinary (DNA) Lesion Analysis, Evans MD, Olinski
R, Loft S, Cooke MS. Toward consensus in the analysis of urinary 8-oxo-7,8-dihydro-2'deoxyguanosine as a noninvasive biomarker of oxidative stress. FASEB J 2010; 24:
1249-1260.
(18) Barregard L, Moller P, Henriksen T, Mistry V, Koppen G, Rossner P et al. Human and
methodological sources of variability in the measurement of urinary 8-oxo-7,8-dihydro2'-deoxyguanosine. Antioxid Redox Signal 2012; doi:10.1089/ars.2012.4714.
(19) Rossner P, Jr., Gammon MD, Terry MB, Agrawal M, Zhang FF, Teitelbaum SL et al.
Relationship between urinary 15-F2t-isoprostane and 8-oxodeoxyguanosine levels and
breast cancer risk. Cancer Epidemiol Biomarkers Prev 2006; 15: 639-644.
(20) Shen J, Gammon MD, Terry MB, Wang Q, Bradshaw P, Teitelbaum SL et al. Telomere
length, oxidative damage, antioxidants and breast cancer risk. Int J Cancer 2009; 124:
1637-1643.
(21) Lee KH, Shu XO, Gao YT, Ji BT, Yang G, Blair A et al. Breast cancer and urinary
biomarkers of polycyclic aromatic hydrocarbon and oxidative stress in the Shanghai
Women's Health Study. Cancer Epidemiol Biomarkers Prev 2010; 19: 877-883.
(22) Kuo HW, Chou SY, Hu TW, Wu FY, Chen DJ. Urinary 8-hydroxy-2'-deoxyguanosine
(8-OHdG) and genetic polymorphisms in breast cancer patients. Mutat Res 2007; 631:
62-68.
(23) Woo HM, Kim KM, Choi MH, Jung BH, Lee J, Kong G et al. Mass spectrometry based
metabolomic approaches in urinary biomarker study of women's cancers. Clin Chim Acta
2009; 400: 63-69.
(24) Cho SH, Choi MH, Lee WY, Chung BC. Evaluation of urinary nucleosides in breast
cancer patients before and after tumor removal. Clin Biochem 2009; 42: 540-543.
(25) Dziaman T, Huzarski T, Gackowski D, Rozalski R, Siomek A, Szpila A et al. Elevated
level of 8-oxo-7,8-dihydro-2'-deoxyguanosine in leukocytes of BRCA1 mutation carriers
compared to healthy controls. Int J Cancer 2009; 125: 2209-2213.
(26) Synowiec E, Stefanska J, Morawiec Z, Blasiak J, Wozniak K. Association between DNA
damage, DNA repair genes variability and clinical characteristics in breast cancer
patients. Mutat Res 2008; 648: 65-72.
(27) Loft S, Moller P. Oxidative DNA damage and human cancer: need for cohort studies.
Antioxid Redox Signal 2006; 8: 1021-1031.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication
but8-oxodG
have notand
yetbreast
been cancer,
edited. p 18
Urinary

(28) Moller P, Loft S. Dietary antioxidants and beneficial effect on oxidatively damaged DNA.
Free Radic Biol Med 2006; 41:388-415.
(29) Wellejus A, Olsen A, Tjonneland A, Thomsen BL, Overvad K, Loft S. Urinary
hydroxyestrogens and breast cancer risk among postmenopausal women: a prospective
study. Cancer Epidemiol Biomarkers Prev 2005; 14:2137-2142.
(30) Tjonneland A, Olsen A, Boll K, Stripp C, Christensen J, Engholm G et al. Study design,
exposure variables, and socioeconomic determinants of participation in Diet, Cancer and
Health: a population-based prospective cohort study of 57,053 men and women in
Denmark. Scand J Public Health 2007; 35:432-441.
(31) Fischerman K, Mouridsen HT. Danish Breast Cancer Cooperative Group (DBCG).
Structure and results of the organization. Acta Oncol 1988; 27:593-596.
(32) Loft S, Poulsen HE. Markers of oxidative damage to DNA: antioxidants and molecular
damage. Methods Enzymol 1999; 300:166-184.
(33) Loft S, Svoboda P, Kasai H, Tjonneland A, Vogel U, Moller P et al. Prospective study of
8-oxo-7,8-dihydro-2'-deoxyguanosine excretion and the risk of lung cancer.
Carcinogenesis 2006; 27:1245-1250.
(34) Poulsen HE, Loft S, Jensen BR, Sørensen M, Hoberg AM. HPLC-ECD, HPLC-MS/MS
(urinary biomarkers). In: Cutler RG, Rodriguez H, editors. Critical Reviews of Oxidative
Stress and Aging. Advances in Basic Science, Diagnostics and Intervention. Singapore:
World Scientific Publishing Co. Pte.Ltd.; 2003. 233-256.
(35) Prieme H, Loft S, Klarlund M, Gronbaek K, Tonnesen P, Poulsen HE. Effect of smoking
cessation on oxidative DNA modification estimated by 8-oxo-7,8-dihydro-2'deoxyguanosine excretion. Carcinogenesis 1998; 19:347-351.
(36) Greenland S. Dose-response and trend analysis in epidemiology: alternatives to
categorical analysis. Epidemiology 1995; 6:356-365.
(37) Hatt L, Loft S, Risom L, Moller P, Sorensen M, Raaschou-Nielsen O et al. OGG1
expression and OGG1 Ser326Cys polymorphism and risk of lung cancer in a prospective
study. Mutat Res 2008; 639:45-54.
(38) Loft S, Svoboda P, Kawai K, Kasai H, Sørensen M, Tjønneland A et al. Association
between 8-oxo-7,8-dihydro-guanine excretion and risk of lung cancer in a prospective
study. Free Radic Biol Med 2012; 52:67-172.
(39) Loft S, Vistisen K, Ewertz M, Tjonneland A, Overvad K, Poulsen HE. Oxidative DNA
damage estimated by 8-hydroxydeoxyguanosine excretion in humans: influence of
smoking, gender and body mass index. Carcinogenesis 1992; 13:2241-2247.
(40) Irie M, Tamae K, Iwamoto-Tanaka N, Kasai H. Occupational and lifestyle factors and
urinary 8-hydroxydeoxyguanosine. Cancer Sci 2005; 96:600-606.
(41) Poulsen HE, Weimann A, Loft S. Methods to detect DNA damage by free radicals:
relation to exercise. Proc Nutr Soc 1999; 58:1007-1014.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on May 8, 2013; DOI: 10.1158/1055-9965.EPI-13-0229
Author manuscripts have been peer reviewed and accepted for publication
but8-oxodG
have notand
yetbreast
been cancer,
edited. p 19
Urinary

(42) Møller P, Loft S, Lundby C, Olsen NV. Acute hypoxia and hypoxic exercise induce
DNA strand breaks and oxidative DNA damage in humans. FASEB J 2001; 15:11811186.
(43) Pilger A, Rudiger HW. 8-Hydroxy-2'-deoxyguanosine as a marker of oxidative DNA
damage related to occupational and environmental exposures. Int Arch Occup Environ
Health 2006; 80:1-15.
(44) Moller P, Loft S. Oxidative damage to DNA and lipids as biomarkers of exposure to air
pollution. Environ Health Perspect 2010; 118:1126-1136.
(45) Thompson HJ, Heimendinger J, Diker A, O'Neill C, Haegele A, Meinecke B et al.
Dietary botanical diversity affects the reduction of oxidative biomarkers in women due to
high vegetable and fruit intake. J Nutr 2006; 136:2207-2212.
(46) Loft S, Moller P, Cooke MS, Rozalski R, Olinski R. Antioxidant vitamins and cancer
risk: is oxidative damage to DNA a relevant biomarker? Eur J Nutr 2008; 47 Suppl 2:1928.
(47) Kabat GC, Miller AB, Jain M, Rohan TE. Dietary iron and heme iron intake and risk of
breast cancer: a prospective cohort study. Cancer Epidemiol Biomarkers Prev 2007;
16:1306-1308.
(48) Kabat GC, Cross AJ, Park Y, Schatzkin A, Hollenbeck AR, Rohan TE et al. Intakes of
dietary iron and heme-iron and risk of postmenopausal breast cancer in the National
Institutes of Health-AARP Diet and Health Study. Am J Clin Nutr 2010; 92:1478-1483.
(49) Møller P, Vogel U, Pedersen A, Dragsted LO, Sandstrom B, Loft S. No effect of 600
grams fruit and vegetables per day on oxidative DNA damage and repair in healthy
nonsmokers. Cancer Epidemiol Biomarkers Prev 2003; 12:1016-1022.
(50) Porkkala-Sarataho E, Salonen JT, Nyyssonen K, Kaikkonen J, Salonen R, Ristonmaa U
et al. Long-term effects of vitamin E, vitamin C, and combined supplementation on
urinary 7-hydro-8-oxo-2'-deoxyguanosine, serum cholesterol oxidation products, and
oxidation resistance of lipids in nondepleted men. Arterioscler Thromb Vasc Biol 2000;
20:2087-2093.

Downloaded from cebp.aacrjournals.org on May 31, 2013. © 2013 American Association for Cancer Research.

