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While iron plays an important role in many cellular functions,
excess iron storage induces DNA damage by generating hydroxyl
radicals and thus promotes carcinogenesis. However, it remains
unclear whether body iron levels that are commonly observed in a
general population are related to oxidative DNA damage. We
examined the association between serum ferritin concentrations
and levels of urinary 8-hydroxydeoxyguanosine (8-OHdG), a bio-
marker of systemic oxidative DNA damage and repair, in 528 Japa-
nese men and women aged 21–67 years. Men had much higher
ferritin levels than in women, and the levels were significantly
greater in women aged 50 years or older than in women aged less
than 50 years. Urinary 8-OHdG concentrations were significantly
and positively associated with serum ferritin levels in all the sub-
groups. The Spearman rank correlation coefficients were 0.47,
0.76, and 0.73 for men overall, women aged less than 50 years,
and women aged 50 years or older, respectively. These associa-
tions were materially unchanged after adjustment for potential
confounding variables. In men, a more pronounced association
was observed in nonsmokers than in smokers. Our results suggest
body iron storage is a strong determinant of levels of systemic
oxidative DNA damage in a healthy population. (Cancer Sci 2010;
101: 517–522)

I ron plays an important role in cellular metabolism and aero-
bic respiration. In healthy adults, 1 to 2 mg of dietary iron is

absorbed a day, and body iron is distributed between blood
(�3000 mg, mostly as hemoglobin), liver (�1000 mg, mostly as
ferritin), skeletal muscle (�300 mg), and macrophages
(�600 mg).(1) Besides, iron generates hydroxyl radicals accord-
ing to the Fenton reaction in vivo,(2) and thus has been hypoth-
esized to promote carcinogenesis through lipid peroxidation and
oxidative DNA and protein damage.(3) In experimental
animals,(4) excess intake of heme iron induces the formation of
radicals and the occurrence of colon cancer. In humans, high
dietary intake of heme iron(5,6) and blood measurements of
iron(7–10) have been shown to be associated with an increased
risk of cancer. More recently, a randomized control trial found
that phlebotomy, accompanied by a considerable reduction in
serum ferritin levels, significantly decreased risk of cancer in
men with a peripheral arterial disease.(11) Such evidence sug-
gests that cancer risk may vary according to body iron status
even at levels commonly observed among the general population
who do not have iron metabolic disorders. However, epidemio-
logic evidence regarding iron and cancer is far from consis-
tent(12,13) and the finding from the above-mentioned trial should
be interpreted cautiously because cancer was not the primary
outcome.(14) Investigations linking body iron to biomarkers of
carcinogenesis may provide data to support or refute whether
iron level currently admitted as normal influences cancer risk.
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Urinary 8-hydroxydeoxyguanosine (8-OHdG) is a reliable
biomarker of systemic oxidative DNA damage.(2) Further, epi-
demiologic studies have shown that urinary 8-OHdG concentra-
tions can predict cancer risk.(15–17) However, few studies have
been performed to quantitate 8-OHdG levels in association with
body iron status. Nakano et al. reported a positive correlation
between serum ferritin concentrations and urinary 8-OHdG lev-
els in 2507 healthy men and women.(18) However, they did not
control for smoking and body mass index, factors known to be
associated with 8-OHdG levels.(19,20) In a small study of 48 mild
dyslipidemic men, Tuomainen et al. demonstrated a linear, posi-
tive relationship between serum ferritin and urinary 8-OHdG
with adjustment for smoking, body mass index, and physical
activity.(21) To further explore this issue, the present study
examined the association between serum ferritin concentrations,
a marker of body iron storage(22) and urinary 8-OHdG levels in
healthy men and women while adjusting for potential confound-
ing factors.

Materials and Methods

Study participants. In 2006, a health survey was conducted
among employees of two municipal offices in north-eastern
Kyushu, Japan.(23) At the time of routine health check-up, all
full-time workers (n = 601) except those on long sick-leave or
maternity-leave were invited; of these, 547 subjects (323 men
and 224 women aged 21–67 years) participated (response rate,
91%). Prior to the examination, participants completed a ques-
tionnaire on lifestyle including smoking, alcohol drinking, diet,
and exercise, which was then checked by research staff for com-
pleteness and, where necessary, clarified by asking the subject.
Participants were also asked to donate blood and urine speci-
mens. We excluded 13 subjects with missing information on
8-OHdG and ferritin concentrations, body mass index, and
smoking status. Furthermore, those who reported they had can-
cer (one with thyroid cancer and two with breast cancer) or other
diseases that affect serum ferritin levels (one with anemia and
two with chronic liver disorder) were also excluded. Finally,
528 subjects (313 men and 215 women) remained for the present
analyses. The ethics committee of the International Medical
Center of Japan approved the protocol of the study, and written
informed consent was obtained from each participant.

Measurement of urinary 8-OHdG. Urinary 8-OHdG and creati-
nine were determined by a method previously described.(24) In
short, a human urine sample was mixed with the same volume
of a dilution solution containing the ribonucleoside marker 8-hy-
droxyguanosine. A 20-lL aliquot of the diluted urine sample
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was injected into HPLC-1 (MCI GEL CA08F, 7 lm,
1.5 · 120 mm; elution, 2% acetonitrile in 0.3 mM sulfuric acid,
50 lL ⁄ min, 65�C), via the guard column (1.5 · 40 mm), and
the chromatograms were recorded by a Gilson UV detector
(UV ⁄ VIS-155 with 0.2 mm light path cell). Creatinine was
detected at 245 nm. The 8-OHdG fraction was collected,
depending on the relative elution position from the peak of the
added marker, 8-hydroxyguanosine, and was automatically
injected into the HPLC-2 column. The 8-OHdG fraction was
fractionated by the HPLC-2 column (Capcell Pak C18, Shiseido,
Tokyo, Japan; 5 lm, 4.6 · 250 mm; elution, 10 mM sodium
phosphate buffer [pH 6.7] containing 5% methanol and an anti-
septic Reagent MB [100 lL ⁄ L], 1 mL ⁄ min, 40�C). The
8-OHdG was detected by a Coulochem II EC detector (ESA,
Chelmsford, MA, USA) with a guard cell (5020) and an analyti-
cal cell (5011) (applied voltage: guard cell, 350 mV; E1,
170 mV; E2, 300 mV). The accuracy of the measurement, esti-
mated from the recovery of an added 8-OHdG standard, was
90–98%. When the same urine sample was analyzed three times,
the variation of the data was within 7%. 8-OHdG levels were
adjusted for urinary creatinine levels before statistical analysis.

Measurement of serum ferritin. From each individual, 9 mL
of venous blood was drawn in a vacuum blood collection tube
and carried to our laboratory in a cooled box. Blood was centri-
fuged for 15 min and the serum separated was stored in a maxi-
mum of six tubes (0.5 mL each) at )20�C until analysis. Serum
ferritin concentrations were measured by chemiluminescence
immunoassay on the Bayer ADVIA Centaur at an external labo-
ratory (Mitsubishi Chemical Medicine, Tokyo, Japan).

Other variables. Body height was measured to the nearest
0.1 cm with the subject standing without shoes. Body weight in
light clothes was measured to the nearest 0.1 kg. Body mass
index (BMI) was calculated as the body weight (kg) divided by
the square of body height (m). Smoking status and alcohol
intake were self-reported in the lifestyle questionnaire. Partici-
pants were asked about weekly hours of leisure-time physical
activity engaged in for each of the four activities: strolling or
walking; mild exercise; moderate intensity exercise; strong
intensity exercise. Weekly minutes for walking or cycling while
commuting to and from the work were also ascertained. Average
metabolic equivalent task (MET) values were assigned to each
level of activity according to the intensity of exercise, and total
MET-hours per week was estimated by summing all of the
values for each participant. Dietary habit for the preceding
month was assessed with a brief self-administered diet history
questionnaire.(25) Intakes of iron, vitamin C, and vitamin E were
estimated by an ad hoc computer algorithm, and their energy-
adjusted values (per 1000 kcal) were used for analysis. Blood
hemoglobin was measured by sodium lauryl sulfate–hemoglobin
method, serum iron was determined by colorimetric assay, and
red blood cells were counted by automated blood counting
machine at an external laboratory.

Statistical analysis. Median and inter-quartile range of serum
ferritin, urinary 8-OHdG, and blood hemoglobin concentrations
were calculated according to age (<35, 35–49, or ‡50 years),
smoking status (nonsmoker, quitter, smoking 1–19 ciga-
rettes ⁄ day, or smoking ‡20 cigarettes ⁄ day), BMI (tertile), etha-
nol consumption (0, 0.1–19.9, 20–39.9, or ‡40 g ⁄ day), physical
activity (0, 0.1–4.9, 5–9.9, or ‡10 MET-h ⁄ week), vitamin C (ter-
tile), and vitamin E (tertile), and the difference between groups
was assessed using the Wilcoxon two-sample test. The Spear-
man rank correlation coefficient was calculated to assess the
association between serum ferritin and urinary 8-OHdG concen-
trations. In women, because serum ferritin concentrations con-
siderably increase after menopause,(26) analyses were done
separately for those aged less than 50 years, and 50 years or
older, with reference to data regarding the mean age of meno-
pause in Japanese women (48.3 years old).(27)
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Both ferritin and 8-OHdG concentrations were log-trans-
formed for the following parametric analyses. The geometric
mean and its 95% confidence interval of urinary 8-OHdG con-
centrations were calculated for each tertile of the serum ferritin
levels for the three groups: men, women aged less than 50 years,
and women aged 50 years or older. To control the effects of
potential confounding variables, we performed three types of
analysis. In Model 1, we adjusted for age (continuous), smoking
status (nonsmoker or smoker), and BMI (continuous). In Model
2, we additionally adjusted for hemoglobin levels (continuous).
In Model 3, we adjusted for alcohol consumption (0, 0.1–19.9,
20–39.9, or ‡40 g ⁄ day), physical activity (0, 0.1–4.9, 5–9.9, or
‡10 MET-h ⁄ week), vitamin C intake (tertile), and vitamin E
intake (tertile) in addition to the covariates in Model 1. Trend
association was evaluated by assigning 1–3 to the lowest through
highest tertile categories of ferritin concentrations. Because
smoking is a known, consistent determinant of urinary 8-OHdG
concentrations,(28) analysis was repeated by smoking status in
men. Statistical tests were two-sided and regarded as statistically
significant at P-value <0.05. Analysis was done with STATA SE
version 10.0 (Lakeway Drive College Station, TX, USA).

Results

Table 1 presents medians of urinary 8-OHdG and serum ferritin
concentrations according to age, smoking, and BMI for women
and men. There was no significant difference in 8-OHdG con-
centration between women and men (2.95 vs 3.10 lg ⁄ g creati-
nine, P = 0.45), although women showed a greater variation of
8-OHdG concentrations than did men. In women, those aged
50 years or older had significantly higher 8-OHdG levels than
those aged less than 50 years (3.35 vs 2.90, P = 0.043). Median
serum ferritin concentration markedly differed among the three
groups (P < 0.001): 24.9, 51.2, and 130 ng ⁄ mL for women
under 50 years, women aged 50 years or older, and men, respec-
tively. In men, smokers had significantly higher 8-OHdG
(P < 0.001) and ferritin concentrations (P = 0.042) than non-
smokers. Blood hemoglobin levels did not appreciably differ
according to demographic and lifestyle factors except smoking;
heavy smokers showed a higher mean of hemoglobin levels than
nonsmokers in men. In both women and men, ferritin concentra-
tions tended to increase with BMI. In men, 8-OHdG levels
decreased as BMI increased (P for trend = 0.01) but tended to
increase with increasing intake of vitamin C. In women, both
serum ferritin and 8-OHdG levels were significantly higher in
the highest category of vitamin C intake or physical activity than
in the lowest category of the respective variable.

Serum ferritin concentrations were significantly and posi-
tively correlated with urinary 8-OHdG concentrations in both
women and men (Fig. 1), with the Spearman rank correlation
coefficient being 0.47, 0.76, and 0.73 for men, women aged less
than 50 years, and women aged 50 years or older, respectively.
In men, the coefficient was 0.52, 0.52, 0.45, and 0.31 for non-
smokers, quitters, 1–19 cigarettes ⁄ day, and 20 or more ciga-
rettes ⁄ day, respectively. Meanwhile, regression coefficients of
log-transformed ferritin (ng ⁄ mL) on log-transformed 8-OHdG
(lg ⁄ g creatinine) were 0.748, 0.737, and 0.546, for women
under 50 years, women aged 50 years or older, and men, respec-
tively.

As Table 2 shows, the geometric mean of urinary 8-OHdG
concentrations increased steadily as serum ferritin levels
increased in all the three groups (P for trend <0.001), and this
association was materially unchanged after adjustment of poten-
tial confounders. Of all the subgroups divided by sex, age, and
serum ferritin levels, the highest unadjusted geometric mean of
8-OHdG concentrations was recorded in the highest tertile of
ferritin among women aged 50 years or older (4.87 lg ⁄ g creati-
nine), whereas the lowest mean was observed in the lowest
doi: 10.1111/j.1349-7006.2009.01394.x
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Table 1. Description of study participants (n = 528)

n
Urinary 8-OHdG

concentrations (lg ⁄ g creatinine)

Serum ferritin

concentrations (ng ⁄ mL)
n

Blood hemoglobin

levels (g ⁄ dL)†

Women (n = 215)
Age (years)

<35 72 2.84 (2.17–3.85) 24.4 (12.3–44.3) 72 13.2 (12.5–14.0)
35–49 82 3.09 (2.04–4.03) 25.5 (12.5–54.8) 82 13.2 (12.7–13.6)
‡50 61 3.35 (2.37–4.84) 51.2 (20.8–119.0)** 61 13.3 (12.8–14.1)

Smoking
Nonsmoker 208 2.99 (2.20–4.20) 28.9 (14.0–56.9) 208 13.2 (12.7–13.8)
Quitter 3 2.75 (2.58–2.77) 24.0 (11.8–57.5) 3 13.1 (12.7–14.4)
Current smoker 4 2.76 (1.76–5.60) 24.3 (9.1–82.3) 4 14.3 (13.4–15.2)

BMI (kg ⁄ m2)
<18.5 46 2.64 (2.10–3.43) 22.5 (11.6–46.6) 46 13.1 (12.5–13.9)
18.5–21.9 106 3.13 (2.32–4.22) 29.1 (16.4–54.9) 106 13.1 (12.5–13.6)
‡22 63 3.05 (2.15–4.42) 35.5 (13.8–93.7) 63 13.5 (12.9–14.1)

Alcohol (ethanol consumption, g ⁄ day)
0 69 2.91 (2.12–4.42) 29.3 (10.9–57.3) 69 13.1 (12.4–14.0)
0.1–19.9 131 2.95 (2.20–4.00) 27.9 (13.9–56.4) 131 13.2 (12.7–13.7)
20–39.9 15 3.07 (2.83–3.95) 32.7 (19.7–129.0) 15 13.6 (12.8–14.0)

Physical activity involved in leisure time exercise and commuting (MET-h ⁄ week)
0 110 2.90 (2.20–4.07) 29.1 (13.9–52.7) 110 13.2 (12.7–13.9)
0.1–4.9 64 3.13 (2.17–4.02) 29.1 (14.3–68.7) 64 13.2 (12.7–13.8)
5–9.9 23 2.82 (2.26–3.95) 19.8 (10.0–43.9) 23 13.0 (12.1–13.8)
‡10 17 3.16 (2.76–4.59) 67.2 (20.8–115.0)* 17 13.4 (12.8–13.6)

Vitamin C consumption (mg ⁄ 1000 kcal)‡
<62 71 2.89 (2.39–3.80) 29.3 (13.8–52.7) 71 13.1 (12.4–13.6)
62–83.9 70 2.74 (1.89–4.06) 21.2 (8.9–44.0) 70 13.1 (12.5–13.7)
‡84 72 3.22 (2.31–4.40) 40.8 (21.2–101.1)** 72 13.4 (12.9–14.0)

Vitamin E consumption (mg ⁄ 1000 kcal)
<4.13 72 2.84 (2.06–3.80) 27.6 (12.2–52.1) 72 13.1 (12.4–14.0)
4.13–4.949 71 3.10 (2.15–4.18) 29.3 (14.7–57.3) 71 13.2 (12.7–13.8)
‡4.95 70 3.09 (2.29–4.26) 29.8 (13.9–79.4) 70 13.2 (12.7–13.8)

Men (n = 313)
Age (years)

<35 76 3.19 (2.55–3.86) 130.5 (78.4–191.0) 57 15.5 (15.1–16.1)
35–49 111 3.33 (2.41–4.28) 139.0 (90.2–232.0) 111 15.6 (15.1–16.2)
‡50 126 3.05 (2.43–3.72) 124.0 (75.7–196.0) 126 15.3 (14.8–16.1)

Smoking (cigarettes ⁄ day)
Nonsmoker 113 2.92 (2.24–3.92) 120.0 (71.0–205.0) 102 15.4 (14.9–16.0)
Quitter 62 3.00 (2.37–3.60) 124.5 (83.3–181.0) 59 15.4 (14.9–15.9)
1–19 43 3.30 (2.79–4.27)* 128.0 (74.6–188.0) 38 15.4 (14.9–16.2)
‡20 95 3.38 (2.71–4.19)** 153.0 (93.0–249.0)* 95 15.7 (15.0–16.3)*

BMI(kg ⁄ m2)
<22 110 3.36 (2.63–4.12) 113.0 (79.2–184.0) 97 15.5 (14.9–16.1)
22–24.9 102 3.16 (2.43–3.96) 135.0 (78.0–198.0) 100 15.3 (14.9–16.0)
‡25 101 2.97 (2.35–3.77)* 156.0 (84.3–261.0)* 97 15.6 (14.9–16.2)

Alcohol (ethanol consumption, g ⁄ day)
0 44 2.95 (2.33–3.78) 112.0 (65.5–183.0) 42 15.5 (14.9–16.1)
0.1–19.9 166 3.09 (2.52–4.14) 135.0 (78.4–195.0) 154 15.5 (14.9–16.1)
20–39.9 71 3.29 (2.43–3.96) 134.0 (98.1–249.0)* 67 15.4 (14.9–16.3)
‡40 32 3.24 (2.47–3.77) 135.0 (92.9–233.0)* 31 15.7 (15.3–16.3)

Physical activity involved in leisure time exercise and commuting (MET-h ⁄ week)
0 108 3.32 (2.47–3.99) 131.5 (85.3–210.0) 101 15.5 (15.0–16.2)
0.1–4.9 82 2.89 (2.41–4.16) 143.5 (83.9–206.0) 79 15.6 (14.9–16.2)
5–9.9 42 3.01 (2.48–3.54) 146.0 (78.1–280.0) 40 15.6 (14.8–16.3)
‡10 79 3.19 (2.29–4.14) 120.0 (76.0–186.0) 72 15.3 (14.8–16.1)

Vitamin C consumption (mg ⁄ 1000 kcal)‡
<41 100 3.06 (2.40–3.67) 121.0 (83.5–189.0) 93 15.5 (14.9–16.1)
41–59.9 102 3.00 (2.37–3.90) 135.0 (88.4–211.0) 99 15.4 (14.9–16.3)
‡60 108 3.32 (2.60–4.18)* 134.0 (76.4–214.0) 99 15.5 (15.0–16.1)

Vitamin E consumption (mg ⁄ 1000 kcal)
<3.42 102 3.18 (2.42–3.90) 125.0 (83.7–212.0) 97 15.6 (14.9–16.2)
3.42–4.119 103 3.05 (2.43–4.06) 127.0 (83.6–187.0) 94 15.5 (15.0–16.2)
‡4.12 105 3.13 (2.50–3.99) 139.0 (76.0–224.0) 100 15.5 (14.9–16.0)

Values are median (inter-quartile range) unless otherwise stated. *P < 0.05, **P < 0.01 as compared with those in the lowest tertile (age, BMI,
alcohol, physical activity, vitamin C and E) or with nonsmokers (smoking). †Blood hemoglobin has 19 missing values for men less than 35 years
old. ‡Vitamin C and vitamin E have two missing values for women and three missing values in men. 8-OHdG, 8-hydroxydeoxyguanosine; BMI,
body mass index; MET, metabolic equivalent task.
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Fig. 1. Correlation between serum ferritin and
urinary 8-hydroxydeoxyguanosine (8-OHdG) concen-
trations.
tertile of ferritin among women aged less than 50 years
(1.80 lg ⁄ g creatinine). Urinary 8-OHdG concentrations were
not significantly associated with red blood cell count, dietary
iron intake, and serum iron concentrations (data not shown).

Discussion

In this cross-sectional biomarker study of healthy Japanese men
and women, we found a strong positive association between
serum ferritin and urinary 8-OHdG concentrations. This associa-
tion was robust in all the subgroups whose serum ferritin con-
centrations markedly differed, and were materially unchanged
even after adjustment for potential confounding variables. Our
finding underscores the importance of body iron store as a
determinant of level of oxidative DNA damage in a population
without iron metabolism disorders.

8-OHdG, an oxidized nucleoside of DNA, is the most fre-
quently detected DNA lesion in nuclear and mitochondrial
DNA. Several reactive oxygen species, such as hydroxyl radical
and singlet oxygen, attack on C-8 of guanine in DNA and gener-
ate 8-OHdG. 8-OHdG and its oxidation products lead to
Table 2. Urinary 8-OHdG concentrations by serum ferritin levels

Ferritin tertile (ng ⁄ mL)
Geometric m

n Unadjusted

Women <50 years <17 51 1.80 (1.61–2.00)

17–35 51 2.93 (2.69–3.19)

‡36 52 4.19 (3.82–4.61)

P for trend <0.001

Women ‡50 years <25 20 2.03 (1.69–2.43)

25–84 20 3.57 (3.05–4.19)

‡85 21 4.87 (4.21–5.64)

P for trend <0.001

Men <98 105 2.47 (2.30–2.65)

98–179 102 3.22 (3.03–3.43)

‡180 106 3.56 (3.36–3.77)

P for trend <0.001

†Adjusted for age, smoking status, and body mass index. ‡Adjusted for ag
§Adjusted for age, smoking status, body mass index, alcohol consumption
8-hydroxydeoxyguanosine; CI, confidence interval.

520
GC fi TA transversions in human cells since 8-hydroxyguanine
has hydrogen-bonding ability to adenine.(3)Base excision repair
by 8-hydroxyguanine glycosylase1 is the major removal path of
8-OHdG from DNA.(1) Removed 8-OHdG from the whole body
is excreted in human urine,(29) and thus urinary 8-OHdG is
considered to reflect oxidative DNA damage and repair from all
cells in the organism.

Ferritin is an iron binding protein that can store up to 4500
Fe3+ions and is distributed throughout the body, and its concen-
trations in serum reflect the body’s iron store.(30) Although ferri-
tin itself has the potential to protect against oxidative stress by
chelating free iron,(31) it could also act as a mediator of oxida-
tive stress by releasing free iron.(32) This paradoxical behavior
makes the role of ferritin in oxidative stress controversial.(33)

Previously, two studies have examined the association
between serum ferritin and 8-OHdG concentrations in persons
with no known condition that might influence these measure-
ments. In a study of mild dyslipidemic men,(21) there was a sig-
nificant positive association between the two measures
(Spearman rank correlation coefficient, 0.36). However, this
finding is limited due to the small sample size (n = 48) and
ean (95% CI) of 8-OHdG concentrations (lg ⁄ g creatinine)

Model 1† n Model 2‡ n Model 3§

1.90 (1.65–2.20) 51 2.16 (1.82–2.56) 51 1.91 (1.63–2.24)

3.04 (2.60–3.56) 51 3.20 (2.73–3.75) 51 3.00 (2.52–3.58)

4.37 (3.76–5.08) 52 4.57 (3.92–5.33) 49 4.39 (3.71–5.19)

<0.001 <0.001 <0.001

1.66 (1.16–2.37) 20 1.84 (1.22–2.76) 20 1.44 (1.01–2.04)

2.87 (1.91–4.30) 20 3.11 (2.02–4.77) 20 2.24 (1.47–3.39)

3.92 (2.49–6.16) 21 4.19 (2.64–6.64) 21 3.41 (2.21–5.28)

<0.001 <0.001 <0.001

2.47 (2.32–2.63) 99 2.38 (2.21–2.56) 105 2.45 (2.30–2.61)

3.17 (2.98–3.38) 97 3.05 (2.83–3.28) 98 3.24 (3.03–3.47)

3.59 (3.35–3.83) 98 3.39 (3.13–3.68) 106 3.58 (3.34–3.84)

<0.001 <0.001 <0.001

e, smoking status, body mass index, and hemoglobin.
, physical activity, vitamin C and vitamin E intake. 8-OHdG,

doi: 10.1111/j.1349-7006.2009.01394.x
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subjects’ profile (dyslipidemic men), which may not represent
the general population. In another study in a health checkup set-
ting,(18) the correlation coefficient between serum ferritin and
urinary 8-OHdG concentrations were 0.32 and 0.54 for men and
women, respectively. However, the source population of the
health checkup attendants was not clearly defined and no consid-
eration was made for potentially important confounders includ-
ing smoking. The observed association in our study (Spearman
rank correlation coefficient, 0.47 and 0.76 for men and women,
respectively) appears stronger than those documented previ-
ously. Our study participants shared a similar social background
(municipal employees) and the survey was conducted in a short
period of time (less than 10 days for each survey). We believe
that such study design might have contributed to the minimiza-
tion of the confounding effect of unmeasured variables.

Epidemiologic studies have reported an increased cancer risk
associated with menopause(34) or high body iron status(35) in
women. In the present study, women aged 50 years or older had
markedly higher ferritin concentrations than did women aged
less than 50 years, whereas hemoglobin levels did not differ.
Although we did not obtain information regarding menopausal
status from the study participants, given that the human body
does not have a specific excretion route for stored iron(36), this
probably reflected an increase of body iron storage after meno-
pause. Moreover, in accordance with the difference of ferritin
concentrations, women aged 50 or older had significantly higher
8-OHdG levels than women aged less than 50 years, suggesting
an increased oxidative DNA damage after menopause. Because
the regression line of serum ferritin concentrations on urinary
8-OHdG levels was similar between the two women’s age
groups, the increased levels of oxidative DNA damage among
the older women could be ascribed to their elevated body iron
storage, rather than to decreased physiologic function against
oxidative stress after menopause.

Several epidemiologic studies have shown an increased risk
of cancer associated with high dietary intake of heme iron(5,6)

and high blood levels of iron.(7–10) Moreover, as a phlebotomy
intervention study indicated,(11) iron reduction may decrease
cancer risk even among persons without iron metabolism disor-
ders. Together with accumulating data for the usefulness of uri-
Hori et al.
nary 8-OHdG as a marker of cancer risk,(15–17) the strong
positive association between serum ferritin concentrations and
urinary 8-OHdG concentrations in the present study supports the
hypothesis that body iron storage increases cancer risk through
oxidative DNA damage in humans.

Major strengths of the present study include high participation
rate (91%), adjustment of potential confounding variables in the
analysis, and use of a reliable method for 8-OHdG measurement
(HPLC). Our study has also some limitations. First, causality
can not be inferred from any cross-sectional study, like ours.
Second, we measured biomarker levels only at a single point in
time, which may not represent long-term status. Third, other
biomarkers of body iron including transferrin saturation or solu-
ble transferrin receptor(37) were not measured in the present
study. However, ferritin is considered a preferred marker for the
assessment of iron-related oxidative stress.(38) Finally, the study
subjects were healthy municipal workers, and thus caution
should be exercised when applying the result to populations with
a different background.

In conclusion, we found a strong positive association between
urinary 8-OHdG levels and serum ferritin concentrations in Jap-
anese workers. This finding suggests that body iron storage is an
important determinant of oxidative DNA damage, and thus sup-
ports a significant role for iron in carcinogenesis in a general
population. The observed cross-sectional association requires
confirmation in longitudinal studies.
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