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Serum levels of selenium and smoking habits at
age 50 influence long term prostate cancer risk;
a 34 year ULSAM follow-up
Birgitta Grundmark1,4,5*, Björn Zethelius2,4, Hans Garmo1,3,5 and Lars Holmberg1,3,5

Abstract

Background: Serum selenium level (s-Se) has been associated with prostate cancer (PrCa) risk. We investigated the
relation between s-Se, smoking and non-screening detected PrCa and explored if polymorphisms in two DNA
repair genes: OGG1 and MnSOD, influenced any effect of s-Se.

Methods: ULSAM, a population based Swedish male cohort (n = 2322) investigated at age 50 for s-Se and s-Se
influencing factors: serum cholesterol, erythrocyte sedimentation rate and smoking habits. At age 71 a subcohort,
(n = 1005) was genotyped for OGG1 and MnSOD polymorphisms.

Results: In a 34-year-follow-up, national registries identified 208 PrCa cases further confirmed in medical records.
Participants with s-Se in the upper tertile had a non-significantly lower risk of PrCa. Smokers with s-Se in the two
lower tertiles (≤80 μg/L) experienced a higher cumulative incidence of PrCa than smokers in the high selenium
tertile (Hazard Ratio 2.39; 95% CI: 1.09-5.25). A high tertile selenium level in combination with non-wt rs125701 of
the OGG1 gene in combination with smoking status or rs4880 related variation of MnSOD gene appeared to
protect from PrCa.

Conclusions: S-Se levels and smoking habits influence long-term risk of PrCa. Smoking as a risk factor for PrCa in
men with low s-Se is relevant to explore further. Exploratory analyses of variations in OGG1 and MnSOD genes
indicate that hypotheses about patterns of exposure to selenium and smoking combined with data on genetic
variation in genes involved in DNA repair can be valuable to pursue.

Background
Oxidative DNA base modification likely plays an impor-
tant role in prostate carcinogenesis [1]. Both endogen-
ous and exogenous antioxidants act interdependently in
preventing clinically significant prostate cancer [2]. The
selenoproteins active in oxidative DNA damage repair
need the antioxidant selenium to be fully effective [3-8].
High serum selenium levels correlate with decreased
incidence of cancer in general [9,10], and prostate can-
cer in particular [11-16], an association by some found
to be mainly present in smokers [17]. Low serum sele-
nium levels inversely relate to overall accumulated DNA
damage [18] and selenoproteins are highly expressed in
the prostate [19].

Despite that selenium thus theoretically may be a can-
didate anti-oxidant to use for prevention, the recent
SELECT trial [20] - a large interventional study with
selenium supplementation and/or vitamin E supplemen-
tation to reduce the risk of prostate cancer - was prema-
turely ended due to lack of effect. However, selenium
may still be protective in a subset of men with specific
genetic polymorphisms of the MnSOD gene [2] or in
men with low baseline levels of serum selenium [21-23]
which was not studied in SELECT but could be relevant
to study further in light of recent findings[24].
The role of tobacco smoking in prostate cancer etiol-

ogy is still unclear [25,26] but as smoking causes oxida-
tive damage [27,28] and also is associated with lower
serum selenium levels [29,30] a relation between smok-
ing and prostate cancer seems biologically plausible.
Genes of interest to a relation between selenium and

prostate cancer risk include those involved in DNA
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repair and oxidative stress. Oxidative stress triggers the
base mutation 8-oxoguanine (OG) in DNA [31]. Single
nucleotide polymorphisms (SNPs) in the gene coding
for 8-oxoguanine glucosylase (OGG1), a selective base
excision repair enzyme for OG-lesions [32], are asso-
ciated with cancer progression [33,34] with evidence
also for an association with prostate cancer [35-38].
Manganese superoxide dismutase (MnSOD) is the pri-
mary antioxidant enzyme in mitochondria. A functional
SNP in the MnSOD gene, rs4880, modifies risk of pros-
tate cancer associated with serum levels of pre-diagnos-
tic selenium [2] although it not in itself was associated
with prostate cancer risk [39]. MnSOD enzyme activity
has a 56-fold range of values between polymorphic var-
iants [40].
The aim of our study was to investigate the association

between serum selenium levels at age 50 and later non-
screening detected prostate cancer in a population based
study with up to 34 years of individual follow up, and to
assess if smoking status at baseline modified this associa-
tion. In this cohort we also had information on factors
with a potential to decrease serum selenium levels: Ery-
throcyte sedimentation rate (ESR), total serum choles-
terol [41], and also of body mass index (BMI). In
addition, we explored as a hypotheses generating analysis

in a subcohort if polymorphism in the genes OGG1 and
MnSOD influenced any effect of serum selenium.

Methods
The study was approved by the Ethics Committee of the
Faculty of Medicine at Uppsala University and written
informed consent to participate was obtained from all
participants.
The source population of the study is a cohort in the

Uppsala Longitudinal Study of Adult Men (ULSAM). In
1970-1973, all male residents in Uppsala county in Janu-
ary 1970, born in 1920-24 (n = 2841) were invited to
take part in a prospective health survey aimed at identi-
fying risk factors for diabetes and cardiovascular disease.
Eighty two per cent (n = 2322) of the invited men parti-
cipated at baseline, at age 50, forming ULSAM [42].
The serum selenium level at age 50 was determined

for 2045 men in ULSAM and they constitute our study
base (figure 1). After 21 years of follow-up, at age 71,
the cohort was invited to a third cycle of investigation,
performed from 1991 to 1995, including 1 221 of 1681
men still alive in January 1991. At this third cycle of
investigation, blood samples for DNA extraction and
later genotyping were collected from 1052 men giving
consent for such sampling. Genotypes of OGG1 and

Figure 1 Participant flow chart. Flow chart of the investigated population of the study within the ULSAM cohort.
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MnSOD were available for1005 of the 1221 participants.
The baseline mean serum levels of selenium, and two
factors negatively correlated to selenium concentration:
ESR and total serum cholesterol [41] did not differ
between the 1005 genotyped and the full cohort of 2045
men who at baseline had their serum selenium levels
determined. Therefore, the genotyped men were consid-
ered a representative sub-sample of the full cohort. Use
of the drug clozapine may decrease serum selenium
levels [43] but none of the participants reported use of
this drug at age 50, i.e. concurrently with the blood
sampling for selenium.

Baseline examinations at age 50
Blood samples were drawn after an overnight fast.
Serum concentrations were determined in samples that
had been stored frozen (-70°C). Selenium was deter-
mined in serum using the graphite-furnace atomic
absorption spectrometric method [44]. Fasting total cho-
lesterol concentrations was performed on a Technicon
Auto Analyzer type II [45] in 1981-82 on serum samples
up until then stored in liquid nitrogen since 1970-73.
ESR was determined by Westergren’s method [46].
Based on personal interview reports the men were char-
acterised as smokers or non-smokers (including ex-smo-
kers) according to smoking status at age 50. Further
sub-grouping of smoking data or stratifying by details of
smoking history was not feasible due to sample size.
Weight, height and BMI (kg/m2) were measured

under standardized conditions [47]

Examinations at age 71
Four SNPs in proximity to the OGG1 gene were selected
for genotyping; rs125701, based on the findings by [48] and
another three SNPs distributed over the gene. The same
method was used for the MnSOD gene where rs2758331
for technical reasons was used as proxy for rs4880, with a
correlation coefficient (r2) = 0.92, [39,49,50] and further
another five SNPs of the gene were investigated. The
selected SNPs were genotyped at the SNP Technology Plat-
form, Uppsala University, using the Golden Gate Assay
(Illumina Inc.) [51]. The genotypes conformed to Hardy-
Weinberg equilibrium according to a c2 test (p > 0.05).
The reproducibility of the genotyping was 100% according
to duplicate assays for 2.7% of the genotypes.

Follow-up and outcome measures
Follow-up started at the examination in 1970-74 at age 50
and the censoring date for the present study was Decem-
ber 31, 2003, with a mean of 26.5 years of observation for
the full cohort of 2045 men (54243 person years) and a
mean of 31.1 years of observation for the genotyped 1005
men (31290 person years). To identify invasive prostate
cancer (by International Classification of Diseases and

Related Health Problems, 10th Revision, ICD-10; C61) we
linked the unique personal identification numbers to the
nationwide Population Register, the Cancer Register, the
Hospital Discharge Register and the Causes of Death Reg-
ister. The Cancer Register and the Causes of Death Regis-
ter were established in 1958 while the Hospital Discharge
Register covering all somatic inpatient health care was
established in 1987. Reporting to these registries is com-
pulsory. The coverage of prostate cancer in the Cancer
Register is more than 95% [52] and for the other three reg-
isters 99% or more [53-55]. Identified prostate cancer
cases were confirmed by reviewing the medical records
whereby clinical details of the disease were collected
(Table 1). In seven cases, where the medical records could
not be retrieved, the diagnosis was verified by data in the
National Prostate Cancer Registry, a nationwide clinical
database started in 1997 [56].
The practice of PSA testing was during the period of

follow-up restrictive both nationally and in the region of
the Uppsala University Hospital. General screening is
still not recommended and uncommon in men who, like
in this cohort now, are well above 80 years of age.

Statistical methods
The full cohort of 2045 men with full baseline measure-
ments was analyzed for the main outcome of prostate can-
cer in relation to selenium levels and smoking. The 1005
genotyped men at age 71 were also analyzed separately to
explore any effect modifications of polymorphisms in
OGG-1 or MnSOD. Smoking status and BMI influence life
span expectancy and constitute competing forces of mor-
tality with prostate cancer. The men in the full cohort and
in the genotyped subcohort were divided into tertiles
according to their serum selenium concentrations, sele-
nium influencing factors (Table 2) and BMI.
Risks of a) prostate cancer and b) death without a

diagnosis of prostate cancer were calculated by means of
cumulative incidence curves [57] censoring for end of
follow up without events and considering the both types
of endpoints a) and b) as competing events.
Competing risk proportional hazards models were

determined for the sub-distribution of prostate cancer
through competing risk regression [58] considering
death without a diagnosis of prostate cancer as a com-
peting risk. Hazard ratios derived from proportional
hazards models were used as the estimator of relative
risk (RR) of the effect of serum selenium divided into
tertiles, smoking habits, and SNPs.

Results
Prostate cancer characteristics
During follow-up 208 men (10.2%) in the full cohort of
2045 and 126 of the 1005 genotyped men (12.5%)
(OGG1), were diagnosed with prostate cancer.
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Table 1 Clinical characteristics of the men diagnosed with prostate cancer (PrCa) in the full cohort and in the
genotyped subcohort.

PrCa in full cohort (n = 208) PrCa in subcohort (n = 126)

Age at diagnosis: median (range) 73 (57-83.0) 75 (59-82.0)

Diagnosis confirmed by: n (%)

Histology 164 (78.8) 112 (88.9)

Cytology 33 (15.9) 11 (8.7)

Clinical examination only 3 (1.4) 1 (0.8)

Information missing 8 (3.8) 2 (1.6)

Diagnosis suspected from: n(%)

PSA Screening 2 (1.0) 2 (1.6)

LUTS** 127 (61.1) 85 (67.5)

Other urological or skeletal symptoms 33 (15.9) 18 (14.3)

Incidentally discovered† 15 (7.2) 10 (7.9)

Other 7 (3.4) 6 (4.8)

Information missing 24 (11.5) 5 (4.0)

PSA-level***, ng/mL n (%)

≤4 8 (3.8) 6 (4.8)

4.1-10 24 (11.5) 18 (14.3)

10.1-20 31 (14.9) 25 (19.8)

20.1-100 41 (19.7) 33 (26.2)

> 100 23 (11.1) 14 (11.1)

Information missing 81 (38.9) 30 (23.8)

T-stage‡, n (%)

T0/T1ab 28 (13.5) 20 (15.9)

T1c 25 (12.0) 19 (15.1)

T2 89 (42.8) 55 (43.7)

T3-4 47 (22.6) 27 (21.4)

TX/Information Missing 19 (9.1) 5 (4.0)

N-stage‡, n (%)

N0 32 (15.4) 22 (17.5)

N1 12 (5.8) 5 (4.0)

NX 142 (68.3) 90 (71.4)

Information missing 22 (10.6) 9 (7.1)

M-stage‡in combination with PSA, n (%)

M0 88 (42.3) 61 (48.4)

MX, PSA ≤20 11 (5.3) 11 (8.7)

MX, 20 < PSA≤100 26 (12.5) 17 (13.5)

M1/PSA > 100 48 (23.1) 22 (17.5)

Information missing 35 (16.8) 15 (11.9)

Gleason score*, n(%)

2-6 50 (41.3) 41 (45.6)

7 20 (16.5) 17 (18.9)

8-10 31 (25.6) 26 (28.9)

Information missing 20 (16.5) 6 (6.7)
* WHO grade translated into Gleason score G1 = 2-6, G2 = 7, G3 = 8-10 in 42 cases

** Lower urinary tract symptoms.

*** Prostate specific antigen

†Incidentally discovered under investigation for symptoms not related to the urinary tract

‡As classified by the International Union Against Cancer (UICC)
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Table 1 shows clinical characteristics for the men
diagnosed with prostate cancer in the full cohort and in
the genotyped subcohort. In the full cohort the mean
age at diagnosis was 73 years. A large proportion of
men in the full cohort, 78.8%, were diagnosed by biopsy,
either by trans-rectal ultrasound (TRUS) guided core
needle biopsies or by surgery, predominately after trans-
urethral resection of the prostate. Seventy-six percent of
the men in the full cohort experienced symptoms lead-
ing to medical consultation and a diagnosis of prostate
cancer. Dominating symptoms leading to diagnosis were
lower urinary tract symptoms, skeletal pain, impotence
or deteriorating general condition. PSA measurement at
diagnosis was available for 61.1% in the full cohort. In
the full cohort eight men had a PSA value at diagnosis
below 4 μg/L. Only 25.5% of the men had a non-palp-
able primary tumour (T0-T1c) at diagnosis while 22.6%
had T3 and T4 tumours, 47.6% of men in the full cohort
had no confirmed metastases or an unknown metastasis
status with PSA below or equal to 20 ng/mL. Gleason
scores - including WHO grades for cytology verified
cases translated into Gleason score - was 6 or below in
41.3% of the men of the full cohort.

Baseline measurements in relation to risk of prostate
cancer
Table 2 presents the unadjusted relative risk (RR) of pros-
tate cancer for baseline tertiles of serum selenium, ESR,
serum total cholesterol, BMI and for smoking status in the
full cohort and in the subcohort of genotyped men. The
mean serum selenium level in the genotyped men was
77.4 μg/l, considered a normal level for Europe but low
when compared to levels in North America. None of the
point estimates for tertiles differed statistically significantly
from unity. However, for the upper two tertiles of serum
selenium, serum total cholesterol and ESR all estimates
were numerically below unity with the exception of the
highest tertile of ESR for the genotyped men. Trend tests
for the estimates were all non-significant. The genotyped
men in the upper tertile of serum selenium presented with
the lowest risk estimate of developing prostate cancer (RR
0.72; 95% CI; 0.46-1.12). Adjustments by baseline tertiles
of ESR and total cholesterol level did not influence the
prostate cancer risk estimates for the tertiles of serum
selenium (data not shown).
The non-smokers and men in the middle tertile of

BMI (23.5-26.0) at 50 years of age, appeared to have a

Table 2 Prostate cancer risk by subgroups

Full cohort Genotyped men

NonPrCa* PrCa PrCa-risk NonPrCa PrCa PrCa-risk

Serum selenium(μg/l) N % N % RR** 95% CI*** N % N % RR 95% CI

≤70 675 (36.7) 84 (40.4) Ref - 295 (33.6) 48 (38.1) Ref -

70.1-81.0 588 (32.0) 65 (31.2) 0.89 (0.65 - 1.24) 299 (34.0) 46 (35.7) 0.93 (0.62 - 1.4)

81+ 574 (31.2) 59 (28.4) 0.83 (0.60 - 1.16) 285 (32.4) 33 (26.2) 0.72 (0.46 - 1.12)

Erythrocyte sedimentation rate, ESR(mm/h)

≤4.0 704 (38.3) 84 (40.4) Ref - 348 (39.6) 51 (40.5) Ref -

4.1-8.0 587 (32.0) 67 (32.2) 0.97 (0.70 - 1.33) 297 (33.8) 38 (30.2) 0.89 (0.58 - 1.35)

8+ 545 (29.7) 57 (27.4) 0.88 (0.63 - 1.23) 234 (26.6) 37 (29.4) 1.07 (0.7 - 1.62)

Total serum cholesterol(mmol/l)

≤6.24 560 (30.5) 76 (36.5) Ref - 288 (32.8) 48 (38.1) Ref -

6.25-7.27 624 (34.0) 64 (30.8) 0.77 (0.55 - 1.07) 295 (33.6) 40 (31.7) 0.82 (0.54 - 1.25)

7.27+ 653 (35.5) 68 (32.7) 0.78 (0.56 - 1.08) 296 (33.7) 38 (30.2) 0.78 (0.51- 1.19)

BMI(kg/m2)

≤23.4 605 (32.9) 61 (29.3) Ref - 296 (33.7) 39 (31.0) Ref -

23.5-26.0 567 (30.9) 78 (37.5) 1.34 (0.96 - 1.87) 285 (32.4) 50 (39.7) 1.31 (0.86 - 1.99)

26+ 665 (36.2) 69 (33.2) 1.03 (0.73 - 1.46) 298 (33.9) 37 (29.4) 0.96 (0.61 - 1.5)

Smoking

non-smoker 449 (24.4) 69 (33.2) Ref - 258 (29.4) 45 (35.7) Ref -

smoker 961 (52.3) 86 (41.3) 0.6 (0.44 - 0.83) 394 (44.8) 47 (37.3) 0.70 (0.46 - 1.05)

ex-smoker 427 (23.2) 53 (25.5) 0.82 (0.58 - 1.18) 227 (25.8) 34 (27.0) 0.87 (0.56 - 1.36)

Unadjusted relative risk (RR) of prostate cancer (PrCa) for baseline tertiles of selenium with 95% confidence intervals (CI), the two selenium level modifying
factors ESR, total cholesterol, BMI and for smoking status in the full cohort and in the genotyped men. The lowest tertiles and the non-smokers were used as
references.

* Prostate cancer

** Relative risk

*** Confidence interval
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higher risk of developing prostate cancer in the full
cohort as well as among the genotyped men (Table 2)
although not to a statistically significant level for all of
these groups.

Smoking, Serum Selenium and Prostate Cancer
Since the results by smoking and BMI may be influ-
enced by the increased risk of dying early among smo-
kers and among men with BMI over 26.0 or BMI under
23.4, we estimated the cumulative incidence of non-
prostate cancer death and prostate cancer occurrence by
smoking status in the full cohort, stratified by serum
selenium levels in the genotyped subcohort.

As illustrated in figure 2a and 2b, the cumulative inci-
dence of death without prostate cancer in the genotyped
subcohort was higher in smokers than in non smokers/ex-
smokers combined, independently of tertiles of serum sele-
nium (figure 2a low and middle serum selenium tertiles
combined, figure 2b high serum selenium tertile). As would
be expected from this result, due to their high incidence of
early non-prostate cancer death, smokers should have a
reduced cumulative incidence of prostate cancer, compared
to non- and ex-smokers combined. This pattern is observed
in Figure 2d for men in the upper tertile of serum selenium.
In contrast to this however, for men in the combined mid-
dle and lower serum selenium tertiles shown in Figure 2c,

Figure 2 a, b: Cumulative incidences of outcomes. Cumulative incidences of death without prostate cancer for smokers (black line) and non
smokers (grey line) by tertiles 1 and 2 combined (panel a) and tertile 3 (panel b) of serum selenium at baseline, 50 years of age in the
genotyped subcohort. Figure 2 c, d: Cumulative incidences of prostate cancer for smokers (black line) and non-smokers (grey line) by tertiles 1
and 2 combined (panel c) and tertile 3 (panel d) of serum selenium at baseline, 50 years of age in the genotyped subcohort. Tertile serum
selenium definitions; tertile 1 and 2 combined: ≤81 μg/L, and tertile 3: > 81 μg/L.
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the cumulative incidence of prostate cancer in smokers was
equal to the cumulative incidence in non- and ex-smokers
combined, which thus would indicate that smoking
increases prostate cancer risk in men with lower serum
selenium levels. These findings for the cumulative incidence
are reflected in that smokers with serum selenium in the
two lower tertiles (≤80 μg/L) experienced a RR of 2.39;
(95% C.I. 1.09-5.25) for developing prostate cancer com-
pared to smokers in the high serum selenium tertile.
The results of the competing risk analysis were similar

to the results presented in figure 2, when the suggested
critical serum selenium threshold level 100 μg/l was
used instead of tertiles.

The genotyped subcohort
We further explored if SNPs in the OGG1 or MnSOD
gene modified the association between serum selenium
levels, smoking status and prostate cancer risk presented
in figure 2. The investigated SNPs in OGG1 per se did
not influence the risk for prostate cancer on a statisti-
cally significant level. Taking serum selenium levels into
account, presence of the A- allele of the SNP rs125701
in the OGG1gene, was observed to protect from prostate
cancer (figure 3) in the high tertile of serum selenium
compared to lower tertiles (p = 0.029). This was almost
solely an effect in smokers with a HR of 5.8 (95% C.I.

2.13-16.1) with the caveat of this being a small subgroup
of the whole cohort (n = 120).
The investigated MnSOD SNP, rs2758331, used as a

proxy for rs4880 similarly influenced the risk for pros-
tate cancer to a near significant level when taking serum
selenium levels into account (figure 4). Smoking did not
influence the MnSOD-selenium level association.

Discussion
In a study population where little PSA screening
occurred, we found a previously not reported relation
between serum selenium levels, smoking and prostate
cancer risk: Smokers with serum selenium levels in the
two lower tertiles (≤80 μg/L) experienced a higher
cumulative incidence of prostate cancer than smokers in
the high serum selenium tertile. In hypothesis generat-
ing explorative analyses, we found indications that the
association between serum selenium levels and prostate
cancer risk was modified by genetic polymorphisms, in
the OGG1 gene (rs125701) and MnSOD gene
(rs2758331- linked to rs4880).
The ULSAM cohort is population based and homoge-

nous as regards the ethnic background and the age of
the participants [42]. The participant rate was high and
the follow-up up to 34 years almost complete through
using linkage to national registers with high coverage.

Figure 3 a, b: Hazard ratios for prostate cancer by OGG1 genotype. Hazard ratios (HR), with 95% confidence interval, for later diagnosis of
prostate cancer in tertile 3 versus tertile 1(black line) and tertile 2 vs. tertile 1(gray line) of serum selenium levels at baseline, 50 years of age, by
OGG1 genotypes. To the left (a) from top are results for SNPs rs2304277 and rs125701 and at the bottom for all genotyped men and the full
cohort. To the right (b) from top are results for SNPs rs293796 and rs2472037. Tertile serum selenium definitions: tertile 1: ≤ 70 μg/L, tertile 2:
70.1- 81 μg/L and tertile 3: > 81 μg/L. “n” denotes number of participants in analysis.
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ULSAM has a thorough characterization of factors influ-
encing serum selenium levels including information on
smoking habits[42]. Only few prostate cancers were
detected by PSA-screening and our results thus mainly
pertain to clinically relevant prostate cancer with a high
risk of progress.
For cancer studies, ULSAM is comparatively small

and modest or weak associations may go undetected:
our data indicate an overall modest inverse relation of
serum selenium level with prostate cancer risk, which
we could not substantiate. The serum selenium levels
and co- variates were measured at a median of 23
years before diagnosis, a disadvantage, which however
is shared with the other studies in the field [10,11,16].
In a Swedish population the range of selenium expo-
sure is limited, with few high serum selenium level
values. The size of the study implies that our analyses
of the interaction of gene polymorphism and serum
selenium levels are of an exploratory character.
Another disadvantage is that a proxy SNP was used for
the analysis of the main MnSOD polymorphism which
made a detailed analysis on a molecular level
unattainable.

Our finding of an increased risk for prostate cancer in
smokers with low serum selenium is a new finding. As
smoking increases oxidative damage, it is not biologi-
cally unreasonable. This relation may in other studies
have been masked by the strong competing risk of con-
comitant early death from other causes, mainly cardio-
vascular disease, predominantly in smokers. If smoking
is associated with both early death and risk of prostate
cancer later in life, conventional time to event analyses
may give a false impression that smoking protects from
prostate cancer since methods traditionally employed
assumes that censoring is non-informative. We noted
and analysed a similar pattern for obesity in the
ULSAM cohort [59]. This type of competing risk pro-
blem may be particularly evident in this study represent-
ing a pre-screening era where the median age at
diagnosis of prostate cancer was 73 years of age. Thus, a
screening program for prostate cancer introducing long
lead times may alter this pattern.
Our hypothesis generating results that serum selenium

levels and the polymorphic genes OGG1 and MnSOD
involved in the protection from oxidative stress, act con-
currently in the defence of prostate cancer development

Figure 4 a, b: Hazard ratios for prostate cancer by MnSOD genotype. Hazard ratios (HR), with 95% confidence interval, for later diagnosis of
prostate cancer in tertile 3 versus tertile 1(black line) and tertile 2 vs. tertile 1(gray line) of serum selenium levels at baseline, 50 years of age, by
MnSOD genotypes. To the left (a) from top are shown results for SNPs rs2758331, rs2842980, rs7855. To the right (b) from top are shown results
for SNPs, rs5746141, rs5746136 and rs4342445. Tertile serum selenium definitions: tertile 1: ≤ 70 μg/L, tertile 2: 70.1- 81 μg/L and tertile 3: > 81
μg/L. “n” denotes number of participants in analysis.
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are in accord with previous knowledge
[2,11,12,15,16,60]. A recent nested case-control study
within the Physicians Health Study [24] analyzing poly-
morphisms within the selenoprotein gene, SEP15 found
genetic variants associated with prostate cancer mortal-
ity and also modifying the association of serum selenium
with prostate cancer survival. If, as the recent report
suggest [24] and our study may be interpreted, only sub-
groups of men would benefit from high serum selenium
levels, then beneficial effects of supplementation in
interventional studies may pertain only to subgroups
and therefore be difficult to detect. There was an overall
lack of effect of selenium supplementation in the
SELECT trial [20]. The trial inclusion criteria did
neither enrich a study population with low baseline sele-
nium levels nor patients defined by pre-specified genetic
polymorphisms. The differences in results from the
interventional study, ours and another recent observa-
tional study [24] are not contradictory but rather
emphasize the possibility for interventional studies in
predefined groups of men with low selenium concentra-
tions and certain genetic profiles. Due to the limited
size of our study, the impact of genetic variation in rela-
tion to smoking being a risk factor for prostate cancer
was not possible to analyse further.

Conclusions
Our results indicate that when competing risks of death
are taken into account, middle age levels of serum sele-
nium and smoking habits give long term information
regarding the risk of prostate cancer presenting in a set-
ting with a low prevalence of screening. We thus here
identify a need for further development of statistical
methods to take competing risk into account in pro-
spective studies of risk factors for diseases with the pre-
valence peak late in life. The finding that smoking may
be a risk factor for prostate cancer in men with low
serum selenium levels is relevant to explore further. We
found indications that patterns of exposure to selenium
and smoking combined with data on genetic variation in
genes involved in DNA repair for oxidative damage can
be valuable to explore. Our findings are of relevance for
the analysis of interventional studies with selenium
supplementation.

Acknowledgements
Genotyping was performed by the SNP Technology Platform, Uppsala
University, Sweden (http://www.genotyping.se) and we thank Marie
Lindersson, Torbjörn Öst and Tomas Axelsson for assistance with the
genotyping. We thank A-C Syvänen and Per Lundmark for helpful comments
and discussion regarding the genotyping results. We also thank Meir
Stampfer, Lorelei Mucci and Jing Ma, Harvard school of Public Health,
Harvard Medical School, Boston, USA for valuable input in the discussion on
and interpretation of the results.
Results and views of the presented study represent the authors and not
necessarily any official views of the Swedish Medical Products Agency where

two of the authors are (partly) employed (BG, BZ). The Swedish Cancer
Society funded Grundmark and Holmberg. Grundmark had further support
from the Swedish Medical Products Agency’s research fund. Results and
views of the presented study represent the authors and not necessarily any
official views of the Swedish Medical Products Agency where BG and BZ are
(partly) employed.

Author details
1Department of Surgical Sciences, Uppsala University, Uppsala, Sweden.
2Department of Public Health and Caring Sciences/Geriatrics, Uppsala
University, Sweden. 3King’s College London, Medical School, Division of
Cancer Studies, London, UK. 4Medical Products Agency, Uppsala, Sweden.
5Regional Oncologic Centre of the Uppsala-Orebro region, Uppsala
University Hospital, Uppsala, Sweden.

Authors’ contributions
The authors jointly perceived and planned the study. BG collected the data
for all men with prostate cancer. BG and HG carried out all analyses and HG
supervised the statistical analyses including those of competing risk and of
the genetic information. All authors jointly interpreted the results. BG wrote
the first draft of the report and BZ and LH revised the report for intellectual
content. BZ is guarantor for the ULSAM data and LH is the senior supervisor
of the study. All authors approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 15 April 2011 Accepted: 7 October 2011
Published: 7 October 2011

References
1. Malins DC, Johnson PM, Wheeler TM, Barker EA, Polissar NL, Vinson MA:

Age-related radical-induced DNA damage is linked to prostate cancer.
Cancer Res 2001, 61(16):6025-8.

2. Li H, Kantoff PW, Giovannucci E, Leitzmann MF, Gaziano JM, Stampfer MJ,
Ma J: Manganese superoxide dismutase polymorphism, prediagnostic
antioxidant status, and risk of clinical significant prostate cancer. Cancer
Res 2005, 65(6):2498-504.

3. Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, Hoekstra WG:
Selenium: biochemical role as a component of glutathione peroxidase.
Science 1973, 179(73):588-90.

4. Chow CK: Effect of dietary selenium and vitamin E on the antioxiant
defense systems of rat erythrocytes. Int J Vitam Nutr Res 1979, 49(2):182-5.

5. Cupp MS, Combs GF Jr, Corradino RA: Ascorbate interacts with sodium
selenite to increase glutathione peroxidase activity in selenium-deficient
chick duodena cultured in vitro. Biol Trace Elem Res 1989, 20(1-2):87-94.

6. Brown KM, Arthur JR: Selenium, selenoproteins and human health: a
review. Public Health Nutr 2001, 4(2B):593-9.

7. Seo YR, Sweeney C, Smith ML: Selenomethionine induction of DNA repair
response in human fibroblasts. Oncogene 2002, 21(23):3663-9.

8. Seo YR, Kelley MR, Smith ML: Selenomethionine regulation of p53 by a
ref1-dependent redox mechanism. Proc Natl Acad Sci USA 2002,
99(22):14548-53.

9. Shamberger RJ: Selenium metabolism and function. Clin Physiol Biochem
1986, 4(1):42-9.

10. Willett WC, Polk BF, Morris JS, Stampfer MJ, Pressel S, Rosner B, Taylor JO,
Schneider K, Hames CG: Prediagnostic serum selenium and risk of cancer.
Lancet 1983, 2(8342):130-4.

11. Yoshizawa K, Willett WC, Morris SJ, Stampfer MJ, Spiegelman D, Rimm EB,
Giovannucci E: Study of prediagnostic selenium level in toenails and the
risk of advanced prostate cancer. J Natl Cancer Inst 1998, 90(16):1219-24.

12. Vogt TM, Ziegler RG, Graubard BI, Swanson CA, Greenberg RS,
Schoenberg JB, Swanson GM, Hayes RB, Mayne ST: Serum selenium and
risk of prostate cancer in U.S. blacks and whites. Int J Cancer 2003,
103(5):664-70.

13. Li H, Stampfer MJ, Giovannucci EL, Morris JS, Willett WC, Gaziano JM, Ma J:
Prospective study of plasma selenium levels and prostate cancer risk. J
Natl Cancer Inst 2004, 96(9):696-703.

14. Navarro Silvera SA, Rohan TE: Trace elements and cancer risk: a review of
the epidemiologic evidence. Cancer Causes Control 2007, 18(1):7-27.

Grundmark et al. BMC Cancer 2011, 11:431
http://www.biomedcentral.com/1471-2407/11/431

Page 9 of 11

http://www.genotyping.se
http://www.ncbi.nlm.nih.gov/pubmed/11507046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4686466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/468473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/468473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2484405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2484405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2484405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11683552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11683552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12032834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12032834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12357032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12357032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3956073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6134981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9719083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9719083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12494476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12494476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15126606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17186419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17186419?dopt=Abstract


15. Pourmand G, Salem S, Moradi K, Nikoobakht MR, Tajik P: Serum selenium
level and prostate cancer: a case-control study. Nutr Cancer 2008,
60(2):171-6.

16. Brinkman M, Reulen RC, Kellen E, Buntinx F, Zeegers MP: Are men with low
selenium levels at increased risk of prostate cancer? Eur J Cancer 2006,
42(15):2463-71.

17. Nomura AM, Lee J, Stemmermann GN, Combs GF Jr: Serum selenium and
subsequent risk of prostate cancer. Cancer Epidemiol Biomarkers Prev 2000,
9:883-7.

18. Karunasinghe N, Ryan J, Tuckey J, Masters J, Jamieson M, Clarke LC,
Marshall JR, Ferguson LR: DNA stability and serum selenium levels in a
high-risk group for prostate cancer. Cancer Epidemiol Biomarkers Prev 2004,
3:391-7.

19. Klein EA: Selenium: epidemiology and basic science. J Urol 2004, 171(2 Pt
2):S50-3, discussion S53.

20. Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford LG,
Parnes HL, Minasian LM, Gaziano JM, Hartline JA, Parsons JK, Bearden JD,
Crawford ED, Goodman GE, Claudio J, Winquist E, Cook ED, Karp DD,
Walther P, Lieber MM, Kristal AR, Darke AK, Arnold KB, Ganz PA, Santella RM,
Albanes D, Taylor PR, Probstfield JL, Jagpal TJ, Crowley JJ, Meyskens FL Jr,
Baker LH, Coltman CA Jr: Effect of selenium and vitamin E on risk of
prostate cancer and other cancers: the Selenium and Vitamin E Cancer
Prevention Trial (SELECT). JAMA 2009, 1:39-51.

21. Block KI: Antioxidants: SELECTed out? Integr Cancer Ther 2009, 1:5-8.
22. Hatfield DL, Gladyshev VN: The Outcome of Selenium and Vitamin E

Cancer Prevention Trial (SELECT) reveals the need for better
understanding of selenium biology. Mol Interv 2009, 1:18-21.

23. Facompre N, El-Bayoumy K: Potential stages for prostate cancer
prevention with selenium: implications for cancer survivors. Cancer Res
2009, 7:2699-703.

24. Penney KL, Schumacher FR, Li H, Kraft P, Morris JS, Kurth T, Mucci LA,
Hunter DJ, Kantoff PW, Stampfer MJ, Ma J: A large prospective study of
SEP15 genetic variation, interaction with plasma selenium levels, and
prostate cancer risk and survival. Cancer Prev Res (Phila) 2010, 5:604-10.

25. Khan N, Afaq F, Mukhtar H: Lifestyle as a risk factor for cancer: Evidence
from human studies.(Review). Cancer Lett 2010, 2:133-43.

26. Adami HO, Hunter D, Tricholpoulos , eds: Textbook of Cancer
Epidemiology. New York, Oxford university press; 2008526.

27. Valavanidis A, Vlachogianni T, Fiotakis K: Tobacco smoke: involvement of
reactive oxygen species and stable free radicals in mechanisms of
oxidative damage, carcinogenesis and synergistic effects with other
respirable particles. Int J Environ Res Public Health 2009, 2:445-62.

28. Thorne D, Wilson J, Kumaravel TS, Massey ED, McEwan M: Measurement of
oxidative DNA damage induced by mainstream cigarette smoke in
cultured NCI-H292 human pulmonary carcinoma cells. Mutat Res 2009,
1:3-8.

29. Northrop-Clewes CA, Thurnham DI: Monitoring micronutrients in cigarette
smokers. Clin Chim Acta 2007, 1-2:14-38.

30. Arnaud J, Bertrais S, Roussel AM, Arnault N, Ruffieux D, Favier A, Berthelin S,
Estaquio C, Galan P, Czernichow S, Hercberg S: Serum selenium
determinants in French adults: the SU.VI.M.AX study. Br J Nutr 2006,
2:313-20.

31. Trzeciak AR, Nyaga SG, Jaruga P, Lohani A, Dizdaroglu M, Evans MK: Cellular
repair of oxidatively induced DNA base lesions is defective in prostate
cancer cell lines, PC-3 and DU-145. Carcinogenesis 2004, 8:1359-70.

32. Fan J, Wilson DM: Protein-protein interactions and posttranslational
modifications in mammalian base excision repair. Free Radic Biol Med
2005, 9:1121-38.

33. Lu R, Nash HM, Verdine GL: A mammalian DNA repair enzyme that
excises oxidatively damaged guanines maps to a locus frequently lost in
lung cancer. Curr Biol 1997, 6:397-407.

34. Goode EL, Ulrich CM, Potter JD: Polymorphisms in DNA repair genes and
associations with cancer risk. Cancer Epidemiol Biomarkers Prev 2002,
12:1513-30, Review.

35. Xu J, Zheng SL, Turner A, Isaacs SD, Wiley KE, Hawkins GA, Chang BL,
Bleecker ER, Walsh PC, Meyers DA, Isaacs WB: Associations between
hOGG1 sequence variants and prostate cancer susceptibility. Cancer Res
2002, 8:2253-7.

36. Chen L, Elahi A, Pow-Sang J, Lazarus P, Park J: Association between
polymorphism of human oxoguanine glycosylase 1 and risk of prostate
cancer. J Urol 2003, 6(Pt 1):2471-4.

37. Weiss JM, Goode EL, Ladiges WC, Ulrich CM: Polymorphic variation in
hOGG1 and risk of cancer: a review of the functional and epidemiologic
literature. Mol Carcinog 2005, 3:127-41.

38. Klein EA, Casey G, Silverman R: Genetic susceptibility and oxidative stress
in prostate cancer: integrated model with implications for prevention.
Urology 2007, 6:1145-51.

39. Choi JY, Neuhouser ML, Barnett MJ, Hong CC, Kristal AR, Thornquist MD,
King IB, Goodman GE, Ambrosone CB: Iron intake, oxidative stress-related
genes (MnSOD and MPO) and prostate cancer risk in CARET cohort.
Carcinogenesis 2008, 5:964-70.

40. Bastaki M, Huen K, Manzanillo P, Chande N, Chen C, Balmes JR, Tager IB,
Holland N: Genotype-activity relationship for Mn-superoxide dismutase,
glutathione peroxidase 1 and catalase in humans. Pharmacogenet
Genomics 2006, 4:279-86.

41. Ghayour-Mobarhan M, Taylor A, New SA, Lamb DJ, Ferns GA: Determinants
of serum copper, zinc and selenium in healthy subjects. Ann Clin
Biochem 2005, 5:364-75.

42. ULSAM- Uppsala Longitudinal Study of Adult Men. [http://www2.pubcare.
uu.se/ULSAM/].

43. Vaddadi KS, Soosai E, Vaddadi G: Low blood selenium concentrations in
schizophrenic patients on clozapine. Br J Clin Pharmacol 2003, 3:307-9.

44. Alfthan G, Kumpulainen J: Determination of selenium in small volumes of
blood plasma and serum by electrothermal atomic absorption
spectrometry. Analytica Chimica Acta 1982, 140:221-227.

45. Rush RL, Leon L, Turrell J: Automated simultaneous cholesterol and
triglyceride determination on the AutoAnalyzer I1 instrument.Edited by:
Barton ED, et al. Advances in Automated Analysis Technicon International
Congress. Mt. Kosco, NY, Futura Publishing; 1971:503-507.

46. Westergren A: The technique of the red cell sedimentation reaction. Am
Rev Tuberc 1926, 14:94-101.

47. Zethelius B, Byberg L, Hales CN, Lithell H, Berne C: Proinsulin Is an
Independent Predictor of Coronary Heart Disease Report From a 27-Year
Follow-Up Study. Circulation 2002, 105:2153-2158.

48. Figueroa JD, Malats N, Real FX, Silverman D, Kogevinas M, Chanock S,
Welch R, Dosemeci M, Tardón A, Serra C, Carrato A, García-Closas R,
Castaño-Vinyals G, Rothman N, García-Closas M: Genetic variation in the
base excision repair pathway and bladder cancer risk. Hum Genet 2007,
2:233-42.

49. Cooper ML, Adami HO, Grönberg H, Wiklund F, Green FR, Rayman MP:
Interaction between single nucleotide polymorphisms in selenoprotein P
and mitochondrial superoxide dismutase determines prostate cancer
risk. Cancer Res 2008, 24:10171-7.

50. Soerensen M, Christensen K, Stevnsner T, Christiansen L: The Mn-
superoxide dismutase single nucleotide polymorphism rs4880 and the
glutathione peroxidase 1 single nucleotide polymorphism rs1050450 are
associated with aging and longevity in the oldest old. Mech Ageing Dev
2009, 5:308-14.

51. Fan JB, Oliphant A, Shen R, Kermani BG, Garcia F, Gunderson KL, Hansen M,
Steemers F, Butler SL, Deloukas P, Galver L, Hunt S, McBride C, Bibikova M,
Rubano T, Chen J, Wickham E, Doucet D, Chang W, Campbell D, Zhang B,
Kruglyak S, Bentley D, Haas J, Rigault P, Zhou L, Stuelpnagel J, Chee MS:
Highly parallel SNP genotyping. Cold Spring Harb Symp Quant Biol 2003,
68:69-78.

52. Barlow L, Westergren K, Holmberg L, Talbäck M: The completeness of the
Swedish Cancer Register: a sample survey for year 1998. Acta Oncol
2009, 1:27-33.

53. Statistics Sweden. [http://www.scb.se/].
54. The National Board of Health and Welfare-the National Patient Register.

[http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/
inenglish].

55. The National Board of Health and Welfare-the causes of death register.
[http://www.socialstyrelsen.se/register/dodsorsaksregistret].

56. Varenhorst E, Garmo H, Holmberg L, Adolfsson J, Damber JE, Hellström M,
Hugosson J, Lundgren R, Stattin P, Törnblom M, Johansson JE: The
National Prostate Cancer Register in Sweden 1998-2002: trends in
incidence, treatment and survival. Scand J Urol Nephrol 2005, 2:117-23.

57. Kalbfleisch DL, Prentice RL: The statistical analysis of failure time data.
New York, NY, JohnWiley; 2002, 252-258.

58. Fine JP, Gray RJ: A proportional hazards model for the subdistribution of
a competing risk. JASA 1999, 94:496-509.

Grundmark et al. BMC Cancer 2011, 11:431
http://www.biomedcentral.com/1471-2407/11/431

Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/18444148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18444148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16945521?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16945521?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11008904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11008904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713754?dopt=Abstract
http://www2.pubcare.uu.se/ULSAM/
http://www2.pubcare.uu.se/ULSAM/
http://www.ncbi.nlm.nih.gov/pubmed/11994248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11994248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11994248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15338605?dopt=Abstract
http://www.scb.se/
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/register/dodsorsaksregistret


59. Grundmark B, Garmo H, Loda M, Busch C, Holmberg L, Zethelius B: The
metabolic syndrome and the risk of prostate cancer under competing
risks of death from other causes. Cancer Epidemiol Biomarkers Prev 2010,
8:2088-96.

60. Rayman MP: Dietary selenium: time to act. BMJ 1997, 314(7078):3878.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/11/431/prepub

doi:10.1186/1471-2407-11-431
Cite this article as: Grundmark et al.: Serum levels of selenium and
smoking habits at age 50 influence long term prostate cancer risk; a 34
year ULSAM follow-up. BMC Cancer 2011 11:431.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Grundmark et al. BMC Cancer 2011, 11:431
http://www.biomedcentral.com/1471-2407/11/431

Page 11 of 11

http://www.biomedcentral.com/1471-2407/11/431/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Baseline examinations at age 50
	Examinations at age 71
	Follow-up and outcome measures
	Statistical methods

	Results
	Prostate cancer characteristics
	Baseline measurements in relation to risk of prostate cancer
	Smoking, Serum Selenium and Prostate Cancer
	The genotyped subcohort

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

