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Sciences, Urology and Andrology, Umeå University, Umeå, Sweden (PS); Hellenic Health Foundation, Athens, Greece (AT); Department of Epidemiology, GROW School
for Oncology and Developmental Biology, Maastricht University, the Netherlands (PAvdB)

Correspondence to: Naomi E. Allen, BSc, MSc, DPhil, Clinical Trial Service Unit and Epidemiological Studies Unit, Nuffield Department of Population Health, University
of Oxford, Richard Doll Building, Oxford, UK OX3 7LF (e-mail: naomi.allen@ndph.ox.ac.uk).
*Deceased.

Abstract

Background: Some observational studies suggest that a higher selenium status is associated with a lower risk of prostate
cancer but have been generally too small to provide precise estimates of associations, particularly by disease stage and grade.
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Methods: Collaborating investigators from 15 prospective studies provided individual-participant records (from predomi-
nantly men of white European ancestry) on blood or toenail selenium concentrations and prostate cancer risk. Odds ratios of
prostate cancer by selenium concentration were estimated using multivariable-adjusted conditional logistic regression. All
statistical tests were two-sided.
Results: Blood selenium was not associated with the risk of total prostate cancer (multivariable-adjusted odds ratio [OR] per
80 percentile increase ¼ 1.01, 95% confidence interval [CI] ¼ 0.83 to 1.23, based on 4527 case patients and 6021 control
subjects). However, there was heterogeneity by disease aggressiveness (ie, advanced stage and/or prostate cancer death,
Pheterogeneity ¼ .01), with high blood selenium associated with a lower risk of aggressive disease (OR¼0.43, 95% CI¼0.21 to
0.87) but not with nonaggressive disease. Nail selenium was inversely associated with total prostate cancer (OR¼0.29, 95%
CI¼0.22 to 0.40, Ptrend < .001, based on 1970 case patients and 2086 control subjects), including both nonaggressive (OR¼0.33,
95% CI¼0.22 to 0.50) and aggressive disease (OR¼0.18, 95% CI¼0.11 to 0.31, Pheterogeneity ¼ .08).
Conclusions: Nail, but not blood, selenium concentration is inversely associated with risk of total prostate cancer, possibly
because nails are a more reliable marker of long-term selenium exposure. Both blood and nail selenium concentrations are
associated with a reduced risk of aggressive disease, which warrants further investigation.

There has been great interest in the possible role of selenium in
cancer prevention, largely because of its antioxidant properties,
although it also has other potentially anticarcinogenic effects
(1). The efficacy of selenium as a cancer prevention agent has
been tested in several randomized controlled trials although re-
sults have been inconsistent, perhaps because of the relatively
small number of cases (particularly of aggressive disease) iden-
tified during follow-up and different levels of baseline selenium
in the populations under study (2–6). Results from observational
studies are also conflicting (7–20); some have reported high
blood or nail selenium to be associated with a lower risk of total
prostate cancer (8,9) or aggressive disease (10–12) while others
have found no statistically significant association (13–20).

The Endogenous Hormones, Nutritional Biomarkers and
Prostate Cancer Collaborative Group (EHNBPCCG) was estab-
lished to conduct collaborative analyses of individual partici-
pant data from prospective studies on the associations of
circulating concentrations of hormones and nutritional bio-
markers with the subsequent risk of prostate cancer (21–26).
The objective of the present study is to determine the associa-
tion between blood and nail selenium concentration and risk of
prostate cancer in 15 prospective studies and to evaluate this
association by stage and grade of disease and other
characteristics.

Methods

Identification of Studies and Collection of Data

A detailed description of the EHNBPCCG is reported elsewhere
(21). In 2010, collaborators were invited to contribute data on
prediagnostic measures of nutritional biomarkers and prostate
cancer risk. Studies were identified from review articles, litera-
ture searches using PubMed, Web of Science, Cochrane Library,
and CancerLit (up to January 2013), and from discussions with
colleagues in order to identify unpublished data.

Seventeen eligible studies were identified, of which 15 are
included in the current analysis, comprising 6497 men with
prostate cancer (case patients) and 8107 men without prostate
cancer (control subjects) (2, 4, 8, 10–19), including unpublished
data from the Prostate Cancer Prevention Trial (PCPT), provided
with kind permission by Phyllis Goodman, Catherine Tangen,
and Jeannette Schenk from the Fred Hutchinson Cancer
Research Center (Seattle, WA); and from the SUpplémentation
en VItamines et Minéraux Anti-oXydants (SU.VI.MAX) Trial by
Pilar Galan, Mélanie Deschasaux, and Mathilde Touvier, from

Inserm (University of Paris, Paris, France), of which study details
are reported elsewhere (27,28). Data were not available for the
Uppsala Longitudinal Study of Adult Men (ULSAM) (20) or the
Honolulu Heart Program (9).

Information on recruitment, informed consent, ethical ap-
proval, and inclusion criteria for all studies is available in the
original publications. Eight studies used a nested case-control
study design in populations with no organized screening pro-
gram but with varying levels of population-wide prostate-specific
antigen (PSA) testing (8,11,14–19); seven studies were observa-
tional investigations based within randomized controlled trials
(2,4,10,13,16,27,28) (Supplementary Table 1, available online).

Individual participant data were requested for selenium con-
centrations measured in blood or nails (see Supplementary
Table 2, available online, for details of the assay methods), date
and age at sample collection, fasting status, marital status, eth-
nicity, educational attainment, family history of prostate can-
cer, height, weight, waist and hip circumference, smoking
status, and alcohol intake. Most studies included men of white
European ancestry; those studies that did include men of differ-
ent ethnic backgrounds included this as a matching criterion
(4,14,18).

Each study provided data on prostate cancer stage and grade,
if available. Tumor stage was categorized as localized if it was
TNM staging tumor (T)–node (N)-metastasis (M) categories of T2
or lower with no reported lymph node involvement or metasta-
ses, stage II or lower or equivalent; advanced if it was T3 or T4
and/or N1þ and/or M1, stage III or IV or equivalent; or stage un-
known. Aggressive disease was defined as T4 and/or N1þ and/or
M1, or stage IV disease and/or death from prostate cancer; nonag-
gressive disease was defined as TNM stage lower than T4 with no
reported lymph node involvement or metastases or the equiva-
lent, or unknown. Histological grade was categorized as low-
intermediate grade (Gleason sum < 8, or coded as well, moder-
ately, or poorly differentiated), high-grade (Gleason sum 8þ, or
coded as undifferentiated), or unknown. Our definition of high-
grade disease used in this and other analyses (23–26) is more
stringent than our previous collaborative analyses (which used
Gleason score of 7 or above) (21,22); while this will lead to identifi-
cation of relatively small numbers of high-grade tumours, it re-
duces the risk of misclassification of high-grade disease.

Statistical Analysis

Blood and nail selenium concentrations were logarithmically
transformed for all statistical analyses to approximate a normal
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distribution. All analyses were run separately for blood and nail
selenium. Analysis of covariance was used to investigate geo-
metric mean differences in selenium concentration among the
controls by baseline characteristics, with adjustment for study
and age at blood collection. Tests for trend across the categories
were obtained by scoring the categories 1, 2, 3, etc., as required.

Men were categorized into fifths of selenium concentration
with quintile cutpoints defined by the overall distribution
among control participants in all studies combined. This ap-
proach maximizes the ability to examine associations across
the full selenium distribution across all studies and assumes
that the differences in absolute values between studies are be-
cause of true population differences rather than assay differ-
ences between the studies (29). Analyses were also performed
with cutpoints defined by the study-specific quintiles of sele-
nium concentration.

To provide a summary measure of risk, a linear trend was cal-
culated by replacing the categorical variable representing the
fifths of selenium with a continuous variable that was scored as
0, 0.25, 0.5, 0.75, and 1. As the midpoints of the lowest and highest
fifths are the 10th and 90th percentiles of the study-specific sele-
nium concentration, a unit change in this continuous trend vari-
able (which represents an 80th percentile increase) is comparable
with the relative risk comparing the highest with the lowest fifth.

Conditional logistic regression was used to calculate odds ra-
tios (ORs) and their corresponding 95% confidence intervals
(CIs), conditioned on the matching variables within each study
and with additional adjustment for age at blood collection (ex-
act), body mass index (BMI ¼ <25, 25–27.4, 27.5–29.9, �30 kg/m2,
not known), height (�170, 171–175, 176–180, >180 cm, not
known), marital status (married/cohabiting, not married/co-
habiting, not known), educational status (did not graduate from
high school/secondary school/college, high school/secondary
school/college graduates, university graduates, not known), and
cigarette smoking (never, past, current, not known). These fac-
tors were found to be associated with prostate cancer risk in
this dataset and hence were included in the final models.

Heterogeneity in linear trends between studies was tested
by comparing the v2 values for models with and without a
(study) x (linear trend) interaction term. Tests for heterogeneity
of trends for the case-defined factors were obtained by fitting
separate models for each subgroup and assuming indepen-
dence of the odds ratios using a method analogous to a meta-
analysis. Tests for heterogeneity for the non-case-defined
factors were assessed with a v2-test of interaction between sub-
group and the continuous trend test variable. Further analyses
of the association of selenium with disease stage, aggressive-
ness, and grade were conducted by calculating odds ratios in
fifths of the distribution.

All P values reported are two-tailed, and a P value of less
than .05 was considered statistically significant. All statistical
analyses were carried out using Stata (StataCorp LP, 2011, Stata
Statistical Software: Release 13, College Station, TX).

Results

Details of the 15 participating studies are shown in Table 1.
Data were available for 4527 case patients and 6021 control sub-
jects for blood selenium and for 1970 cases and 2086 controls for
nail selenium. In European populations, median values in con-
trols were below 1130 nmol/L and 0.55 ppm for blood and nail
samples, respectively; studies in the United States had median
values higher than 1370 nmol/L and higher than 0.78 ppm,

respectively (Table 1). The duration of follow-up varied substan-
tially; in some studies (Baltimore Longitudinal Study of Aging
[BLSA], beta-Carotene and Retinol Efficacy Trial [CARET], Multi-
Ethnic Cohort [MEC], Prostate, Lung, Colorectal and Ovarian
Cancer Screening trial [PLCO], and Selenium and Vitamin E
Cancer Prevention Trial [SELECT]), more than 70% of men were
diagnosed less than five years following recruitment; in others
(European Prospective Investigation into Cancer and Nutrition-
Heidelberg [EPIC-Heidelberg], Netherlands Cohort Study [NLCS],
PCPT, Physicians’ Health Study [PHS] and SU.VI.MAX), more
than 70% of case patients were diagnosed five or more years af-
ter recruitment (Table 2). Age at diagnosis varied less widely, al-
though the SU.VI.MAX trial included a higher proportion of men
diagnosed at an early age (34% of case patients were diagnosed
at younger than age 60 years) compared with the other studies.
The time period of diagnosis varied substantially between stud-
ies owing to the different time periods of recruitment and the
duration of follow-up. The proportion of case patients with ad-
vanced disease varied from 1.6% (PCPT) to 72% (NLCS). The pro-
portion of case patients with high-grade disease varied from
0.2% (MEC) to 16% (HPFS) (Table 2; see Supplementary Table 3,
available online, for details of the number of cases by stage,
grade, and other tumor characteristics by study).

The cross-sectional associations between baseline charac-
teristics and blood and nail selenium concentrations are shown
in Supplementary Figure 1 (available online). Blood selenium
concentrations were slightly lower in men who were older, who
had a higher BMI, and who were current smokers and were
slightly higher in men who had fasted for longer at the time of
blood collection. Nail selenium concentrations were lower in
current smokers and slightly higher in men who were married
and highly educated.

The associations of blood and nail selenium concentrations
with prostate cancer risk are shown in Figure 1A. After adjust-
ment for BMI, height, age, marital status, education, and smok-
ing status, the odds ratio per 80th percentile increase of blood
selenium concentration was 1.01 (95% CI¼ 0.83 to 1.23, Ptrend ¼
.92), based on 4527 case patients and 6021 control subjects; for
nail selenium, the corresponding odds ratio was 0.29 (95%
CI¼ 0.22 to 0.40, Ptrend< .001), based on 1970 case patients and
2086 control subjects. Adjustment for the potential confounders
listed above made little difference to the risk estimates (unad-
justed OR per 80 percentile increase was 1.02, 95% CI¼ 0.85 to
1.24, Ptrend ¼ 0.81 for blood selenium; OR¼ 0.36, 95% CI¼ 0.27 to
0.48, Ptrend < .001 for nail selenium). Associations were qualita-
tively similar when the analysis was performed using study-
specific cutpoints although the risk estimate was attenuated for
nail measures, reflecting the narrower ranges of selenium con-
centration when using these cutpoints (Figure 1B).

In order to examine the association at the extremes of the
distribution, selenium concentration was categorized into dec-
iles and analyzed using overall cutpoints for all studies com-
bined. There remained no association with blood selenium
(multivariable-adjusted OR for the highest [midpoint ¼ 2092
nmol/L] vs lowest tenth [midpoint ¼ 792 nmol/L] ¼ 0.94, 95%
CI¼ 0.71 to 1.23, Ptrend ¼ .69) and a strong inverse association
with nail selenium (OR for the highest [midpoint ¼ 1.08 ppm] vs
lowest tenth (midpoint ¼ 0.17 ppm) ¼ 0.25, 95% CI¼ 0.17 to 0.37,
Ptrend < .001).

There was no evidence of heterogeneity between the con-
tributing studies in the linear association of blood selenium
concentration with risk (Pheterogeneity ¼ .59) (Figure 2A). There
was also no evidence of heterogeneity in the association of nail
selenium concentration with risk between the studies
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Table 1. Details of the studies and participants included*

Study
No.

Mean (SD) age at
sample collection, y

Median (IQR) selenium concentration
(nmol/L for blood; ppm for nails)

Case patients Control subjects Case patients Control subjects Case patients Control subjects

Blood selenium
BLSA (8) 55 55 69.1 (8.6) 68.8 (7.7) 1431 (1317–1671) 1532 (1418–1684)
CARET (13) 235 456 61.5 (6.1) 61.3 (6.2) 1462 (1280–1599) 1425 (1282–1595)
EPIC (17) 959 1,059 59.9 (5.8) 59.6 (5.8) 898 (791–1022) 910 (809–1027)
EPIC-Heidel (19) 148 291 57.4 (5.1) 57.8 (5.1) 1100 (1010–1230) 1100 (994–1210)
FMC (15) 51 92 65.5 (7.7) 65.4 (7.4) 709 (582–912) 734 (595–893)
MEC (18) 461 920 69.0 (7.0) 68.8 (7.1) 1708 (1582–1865) 1718 (1594–1871)
NPC (2) 41 123 66.9 (5.0) 66.8 (4.9) 1433 (1256–1570) 1433 (1241–1605)
PCPT (unpublished) 960 960 63.4 (5.5) 63.3 (5.6) 1687 (1544–1845) 1660 (1529–1830)
PHS (10) 794 794 59.0 (8.2) 58.8 (8.1) 1374 (1221–1532) 1371 (1223–1545)
PLCO (16) 723 879 65.1 (4.8) 64.8 (4.7) 1775 (1589–1946) 1797 (1605–2000)
SU.VI.MAX (unpublished) 100 392 55.1 (4.6) 55.0 (4.6) 1115 (1026–1252) 1127 (995–1254)
Nail selenium
CLUE II (14) 117 233 65.9 (7.5) 65.9 (7.5) 0.77 (0.68–0.86) 0.79 (0.70–0.87)
HPFS (11) 181 181 63.2 (6.4) 63.1 (6.4) 0.79 (0.70–0.91) 0.80 (0.73–0.94)
NLCS (12, 49) 1268 1268 62.7 (4.1) 62.7 (4.1) 0.51 (0.46–0.57) 0.54 (0.48–0.60)
SELECT (4) 404 404 63.3 (6.0) 62.7 (4.1) 0.87 (0.79–0.97) 0.88 (0.77–0.99)

*The numbers of case patients and control subjects are the number for whom selenium measurements were available. BLSA ¼ Baltimore Longitudinal Study of Aging;

CARET ¼ the beta-Carotene and Retinol Efficacy Trial; CLUE II ¼ Campaign against Cancer and Stroke (“Give us a Clue to Cancer”) Study; EPIC ¼ European Prospective

Investigation into Cancer and Nutrition; EPIC-Heidel ¼ EPIC-Heidelberg; FMC ¼ Finnish Mobile Clinic Health Examination Survey; HPFS ¼ Health Professionals Follow-

up Study; MEC ¼ Multiethnic Cohort; NLCS ¼ Netherlands Cohort Study; NPC ¼ Nutritional Prevention of Cancer Trial; PCPT ¼ Prostate Cancer Prevention Trial; PHS ¼
Physicians’ Health Study; PLCO ¼ Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; SELECT ¼ Selenium and Vitamin E Cancer Prevention Trial; SU.VI.MAX

¼ SUpplémentation en VItamines et Minéraux Anti-oXydants Trial.

Table 2. Proportions of men with prostate cancer by selected characteristics in each study*

Study
No. of

case patients

Years from
sample

collection
to diagnosis, %

Age at
diagnosis, %

Year of
diagnosis, %

Stage of
disease†, %

Aggressive
disease†, % Grade†, %

<5 5þ <60 y 60-69 y 70þ y <1995 1995þ Loc Adv N/k No Yes N/k
Low-

interm High N/k

Blood selenium
BLSA (8) 55 70.9 29.1 3.6 27.3 69.1 74.5 25.5 – – 100 0 12.7 87.3 78.2 7.3 14.5
CARET (13) 235 70.2 29.8 14.0 56.2 29.8 21.3 78.7 50.2 21.3 28.5 62.1 11.9 26.0 74.5 11.9 13.6
EPIC (17) 959 63.1 36.9 19.5 65.0 15.5 0.4 99.6 51.8 21.2 27.0 53.7 24.8 21.5 66.6 10.6 22.7
EPIC-Heidel (19) 148 23.0 77.0 16.2 71.6 12.2 0 100 76.4 23.0 0.7 92.6 6.8 0.6 89.2 9.5 1.4
FMC (15) 51 45.1 54.9 9.8 41.2 49.0 100 0 – – 100 – – 100 – – 100
MEC (18) 461 93.7 6.3 7.2 33.4 59.4 0 100 – – 100 0 5.6 94.4 95.2 0.2 4.6
NPC (2) 41 56.1 43.9 0 43.9 56.1 92.7 7.3 75.6 24.4 0 82.9 17.1 0 82.9 14.6 2.4
PCPT (unpublished) 960 21.3 78.7 1.6 50.5 47.9 0.1 99.9 95.7 1.6 2.7 96.5 0.8 2.7 93.0 4.7 2.3
PHS (10) 794 15.1 84.9 12.0 44.6 43.5 76.8 23.2 79.8 15.0 5.2 74.6 20.9 4.5 86.4 10.3 3.3
PLCO (16) 723 88.9 11.1 5.5 55.9 38.6 0 100 87.1 12.9 0 93.1 6.9 0 93.5 5.9 0.6
SU.VI.MAX (unpublished) 100 28.0 72.0 34.0 66.0 0 0 100 – – 100 – – 100 84.0 10.0 6.0
Nail selenium
CLUE II (14) 117 67.5 32.5 8.5 36.8 54.7 73.5 26.5 53.8 26.5 19.7 65.0 18.8 16.2 85.5 6.8 7.7
HPFS (11) 181 63.0 37.0 11.0 46.4 42.5 99.4 0.6 51.9 43.6 4.4 54.1 43.7 2.2 60.8 16.0 23.2
NLCS (12, 49) 1268 29.1 70.9 1.0 38.0 61.0 53.2 46.8 21.3 72.2 6.5 47.0 47.5 5.5 91.0 0.9 8.1
SELECT (4) 404 78.7 21.3 12.6 55.7 32.7 0 100 98.0 0 2.0 97.3 0.7 2.0 82.4 4.7 12.9

*The number of case patients in each of these categories by study is shown in Supplementary Table 3 (available online). BLSA ¼ Baltimore Longitudinal Study of Aging;

CARET ¼ the beta-Carotene and Retinol Efficacy Trial; CLUE II ¼ Campaign against Cancer and Stroke ("Give us a Clue to Cancer") Study; EPIC ¼ European Prospective

Investigation into Cancer and Nutrition; EPIC-Heidel ¼ EPIC-Heidelberg; FMC ¼ Finnish Mobile Clinic Health Examination Survey; HPFS ¼ Health Professionals Follow-

up Study; MEC ¼ Multiethnic Cohort; NLCS ¼ Netherlands Cohort Study; NPC ¼ Nutritional Prevention of Cancer Trial; PCPT ¼ Prostate Cancer Prevention Trial; PHS ¼
Physicians’ Health Study; PLCO ¼ Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; SELECT ¼ Selenium and Vitamin E Cancer Prevention Trial; SU.VI.MAX

¼ SUpplémentation en VItamines et Minéraux Anti-oXydants Trial.

†Stage of disease was defined as: localized if TNM was T2 or lower with no reported lymph node involvement or metastases, stage II or lower, or equivalent (ie, a tumor that

does not extend beyond the prostate capsule); advanced if TNM stage was T3 or T4 and/or N1þ and/or M1, stage III or IV, equivalent (ie, a tumor extending beyond the pros-

tate capsule and/or lymph node involvement and/or distant metastases), or unknown. Overall, 5315 (82%) of case patients had data on stage. Aggressive disease was defined

as T4 and/or N1þ and/or M1þ, or stage IV disease and/or death from prostate cancer. Overall, 5432 (84%) of case patients had data on disease aggressiveness.

‡Histological grade was categorized as low-intermediate grade (Gleason sum <8 or cases coded as well, moderately, or poorly differentiated), high-grade (Gleason sum

8þ or cases coded as undifferentiated), or unknown. Overall, 5900 (91%) of case patients had information on grade.
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(Pheterogeneity ¼ .09) (Figure 2B), and the inverse association with
prostate cancer persisted after exclusion of the largest dataset
(NLCS) although it was attenuated (OR per 80th percentile in-
crease ¼ 0.69, 95% CI¼ 0.50 to 0.94, Ptrend ¼ .02).

There was evidence of heterogeneity in the linear associa-
tion of blood selenium concentration with prostate cancer risk
according to disease aggressiveness (Pheterogeneity ¼ .01), with a
higher blood selenium concentration associated with a lower
risk of aggressive disease (OR per 80th percentile increase ¼
0.43, 95% CI¼ 0.21 to 0.87), with no association with nonaggres-
sive disease (OR¼ 1.12, 95% CI¼ 0.89 to 1.41) (Figure 3A). The dif-
ferences in associations of blood selenium with risk by stage
and grade of disease were not statistically significant although
a reduced risk with high blood selenium was also seen for men
diagnosed with advanced-stage or high-grade disease. Analyses
of the relationship between overall fifths of blood selenium con-
centration and risk of prostate cancer by disease stage, aggres-
siveness, and grade are shown in Supplementary Figure 2
(available online). These findings support the linear trend esti-
mates although the numbers are small in some categories.

There were no statistically significant differences in the associ-
ation between nail selenium concentration and prostate cancer
risk by stage or grade of disease, although nail selenium was as-
sociated with a particularly low risk for aggressive disease (OR
per 80th percentile increase ¼ 0.18, 95% CI¼ 0.11 to 0.31) com-
pared with nonaggressive disease (OR¼ 0.33, 95% CI¼ 0.22 to 0.
50, Pheterogeneity ¼ .08) (Figure 3B).

Of the eight other factors examined, there was also evidence
of heterogeneity in the linear association of both blood and nail
selenium concentration with prostate cancer risk by smoking
status (Pheterogeneity ¼ .02 and .01, respectively) and for nail sele-
nium by family history (Pheterogeneity ¼ .04) (Figure 3).

Discussion

This international collaboration has brought together and re-
analyzed almost all of the available data on the association of
blood and nail selenium concentrations and prostate cancer in-
cidence. The majority of the data were from studies with blood

Figure 1. Odds ratios (95% confidence intervals [CIs]) of prostate cancer associated with fifths of blood and nail selenium concentration, adjusted for age at blood collec-

tion, body mass index, height, marital status, education, and smoking. The Ptrend was calculated by replacing the fifths of selenium with a continuous variable that was

scored as 0, 0.25, 0.5, 0.75, and 1 in the conditional logistic regression model. Median concentrations in each fifth (using overall cutpoints) are: 874, 1184, 1467, 1677, and

1939 nmol/L for blood selenium and 0.46, 0.54, 0.63, 0.77, and 0.96 ppm for nail selenium. All statistical tests were two-sided. Results in the figures are presented as

squares and lines, representing the odds ratios and corresponding 95% confidence intervals, respectively. The position of the square indicates the value of the odds ra-

tio while the size of the square is inversely proportional to the variance of the logarithm of the odds ratio and indicates the amount of statistical information available

for that particular estimate. The open diamonds (the lateral points of which are the 95% CIs) represent the overall odds ratio for an 80th percentile increase in selenium

concentration. 80%le ¼ 80 percentile; CI ¼ confidence interval; OR ¼ odds ratio; Ptr ¼ Ptrend.

Figure 2. Study-specific odds ratios (95% confidence intervals [CIs]) of prostate cancer per 80th percentile increase in (A) blood and (B) nail selenium concentration. The

odds ratios are calculated by conditioning on the matching variables within each study (but not further adjusted). Heterogeneity in linear trends between studies was

tested by comparing the v2 values for models with and without a (study) x (linear trend) interaction term. All statistical tests were two-sided. Results in the figures are

presented as squares and lines, representing the odds ratios and corresponding 95% confidence intervals, respectively. The position of the square indicates the value

of the odds ratio while the size of the square is inversely proportional to the variance of the logarithm of the odds ratio and indicates the amount of statistical informa-

tion available for that particular estimate. The open diamonds (the lateral points of which are the 95% CIs) represent the overall odds ratio for an 80th percentile in-

crease in selenium concentration. BLSA ¼ Baltimore Longitudinal Study of Aging; CARET ¼ the beta-Carotene and Retinol Efficacy Trial; CI ¼ confidence interval; CLUE

II ¼ Campaign against Cancer and Stroke (Give us a Clue to Cancer) Study; EPIC ¼ European Prospective Investigation into Cancer and Nutrition; EPIC-Heidel ¼ EPIC-

Heidelberg; FMC ¼ Finnish Mobile Clinic Health Examination Survey; HPFS ¼ Health Professionals Follow-up Study; MEC ¼ Multiethnic Cohort; NLCS ¼ Netherlands

Cohort Study; NPC ¼ Nutritional Prevention of Cancer Trial; PCPT ¼ Prostate Cancer Prevention Trial; PHS ¼ Physicians’ Health Study; PLCO ¼ Prostate, Lung, Colorectal

and Ovarian Cancer Screening Trial; SELECT ¼ Selenium and Vitamin E Cancer Prevention Trial; SU.VI.MAX ¼ SUpplémentation en VItamines et Minéraux Anti-

oXydants Trial.
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measures, which showed no association with risk of total pros-
tate cancer (based on 4527 case patients and 6021 control sub-
jects) but an approximate halving in risk for aggressive disease
in men with high blood concentrations (based on 527 case
patients and 634 control subjects). Combining (using a weighted
average) our collaborative risk estimate with those from the two
blood-based studies that were unable to contribute data (9,20)
produced similar findings (OR for high vs low category of sele-
nium concentration ¼ 0.92, 95% CI¼ 0.82 to 1.04).

Four studies provided data on nail measures, which showed a
70% reduction in risk for total prostate cancer (based on 1970 case
patients and 2086 control subjects), with no statistically significant
difference by disease subgroups, although the association was
somewhat stronger for aggressive compared with nonaggressive
disease. The majority of the data are from a single study (NLCS),
which also had substantially lower selenium concentrations than
the other studies and a high proportion of advanced and aggres-
sive disease, owing to an enriched sampling of such cases.

Our overall finding of a null association of total prostate can-
cer risk with blood selenium levels is consistent with findings
from the SELECT trial, which randomly assigned men to selenium
supplementation (200 mg/day L-selenomethionine) with or with-
out vitamin E (400 IU/d of all rac-a-tocopheryl acetate) for 5.5 years,
based on 848 cases (3). Two smaller randomized trials of selenium
supplementation among men at a high risk of developing pros-
tate cancer (the SWOG S9917 and the Negative Biopsy Trial) also
showed no association with prostate cancer risk after three to five
years follow-up although these findings were based on small
numbers of cases (97 and 74, respectively) (5,6). It has been argued
that the lack of a protective effect may have been because of the

relatively high baseline serum selenium concentration in these
men (with a median of 1715 nmol/L in the SELECT trial). This is
because the NPC trial, designed to assess the efficacy of selenium
supplementation for the prevention of nonmelanoma skin can-
cer, found that selenium supplementation (as 200 mg/d selenium
in the form of selenized yeast) for an average of 4.5 years was as-
sociated with a statistically significant 52% reduction in prostate
cancer risk 13 years later (based on 63 cases), which was particu-
larly evident among men with a low baseline serum concentra-
tion (ie, <1290 nmol/L at entry to the trial) (2).

The apparent difference in risk observed for total prostate can-
cer between the blood and nail measures may partly be because
of the differences in case-mix across the studies. Compared with
studies with blood measures, those with nail measures contained
a higher proportion of advanced-stage (55% vs 14%) and aggres-
sive disease (38% vs 15%) and more men whose samples were
taken before 1995 (48% vs 18%). Widespread use of PSA testing
was introduced in many countries from the mid-1990s onwards
(although use has varied between populations) while PSA screen-
ing was used systematically in two of the collaborating studies
(PCPT and PLCO), contributing to an increase in the detection of
small, asymptomatic tumors in recent years (30).

Because a substantial proportion of PSA-detected cancers re-
main biologically indolent for many years (31), the identification
of factors that are associated with the development of clinically
aggressive cancers is important. Hence, our finding that both
blood and nail concentrations were associated with a lower risk
of aggressive prostate cancer is of potential etiological relevance.
However, there are some data to suggest that, among men diag-
nosed with nonmetastatic disease, high doses of selenium

Figure 3. Odds ratios (95% confidence intervals [CIs]) of prostate cancer associated with an 80th percentile increase across all studies combined in (A) blood and (B) nail

selenium concentration in selected subgroups, adjusted for age at blood collection, body mass index, height, marital status, education, and smoking. Tests for hetero-

geneity for the case-defined factors were obtained by fitting separate models for each subgroup and assuming independence of the odds ratios using a method analo-

gous to a meta-analysis. Tests for heterogeneity for the non-case-defined factors were assessed with a v2-test of interaction between subgroup and the continuous

trend test variable. All statistical tests were two-sided. Results in the figures are presented as squares and lines, representing the odds ratios and corresponding 95%

confidence intervals, respectively. The position of the square indicates the value of the odds ratio while the size of the square is inversely proportional to the variance

of the logarithm of the odds ratio and indicates the amount of statistical information available for that particular estimate. The open diamonds (the lateral points of

which are the 95% CIs) represent the overall odds ratio for an 80th percentile increase in selenium concentration. CI ¼ confidence interval; het ¼ heterogeneity; OR ¼
odds ratio.
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supplementation (140 mg/day or more) might be associated with
an increased risk of prostate cancer death (32). Moreover, the
SELECT trial also found that selenium supplementation was asso-
ciated with an increased risk of high-grade (Gleason score �7)
prostate cancer among men with high baseline selenium levels
but not among men with lower baseline nail levels (4). However,
the results of trials of the effect of selenium supplementation on
PSA velocity (used as a marker of disease progression) have been
inconsistent (6,33). Overall, owing to the low numbers of aggres-
sive cancers diagnosed in many populations (in the current anal-
yses, SELECT and NPC contributed 3 and 7 cases of aggressive
disease, respectively), trials of selenium supplementation for the
primary prevention of prostate cancer would have to be very large
to assess differences by tumor stage and grade and are unlikely to
be funded. Rather, further prospective studies in populations
with a relatively high incidence of aggressive disease are war-
ranted to investigate the association of long-term selenium con-
centration with disease incidence and progression.

Although it is possible that the inverse association found with
blood and nail selenium concentration and risk of aggressive
prostate cancer might be because of confounding, the analyses
were adjusted for a range of lifestyle factors in addition to the
matching factors used in the individual studies, none of which
materially influenced the risk estimates. There was also no statis-
tically significant heterogeneity in the association of blood or nail
selenium concentration with risk of prostate cancer according to
the number of years between blood collection and diagnosis,
which does not suggest that reverse causation has affected the
results, although this cannot be excluded. Finally, while there
was some evidence of statistical heterogeneity in the association
of selenium with risk by smoking status, the pattern of the associ-
ation differed between blood and nail measures and the statisti-
cally significant heterogeneity may have been because of chance
because of the large number of statistical tests performed.

Relatively little is known about the performance of blood and
nail specimens as measures of long-term selenium status. Studies
have shown that both blood and nail measures are correlated with
selenium intake (r¼ 0.6 to 0.7) (34, 35) and with each other (r¼ 0.6)
(36). Nail clippings provide a measure of exposure over several
weeks up to six to 12 months before sample collection (37), with
good repeatability over several years (r¼ 0.5 to 0.7) (38–40). Blood
levels represent shorter-term selenium exposure (1–2 weeks) (37),
although we have not identified data on the reproducibility of cir-
culating concentrations to determine its stability over the long
term. Thus, the differences in the findings for total prostate cancer
between blood and nail measures may suggest that longer-term
measures of selenium exposure are more relevant. Nonetheless, it
remains difficult to determine the extent to which circulating or
nail concentrations accurately reflect biological activity within
prostatic tissue (41), especially at higher levels of selenium intake,
when glutathione peroxidase activity is saturated (42). Genetic
studies may help to clarify the role of individual selenoproteins in
prostate carcinogenesis (19,43–48) although more work is needed
to elucidate the relationship of variants in genes that help to regu-
late selenium status with levels of functional biomarkers of sele-
nium and the influence of such variants as modifiers on the
relationship between selenium and prostate cancer risk.

This collaborative re-analysis of the association of selenium
status and prostate cancer risk based on the totality of the
worldwide data shows that relatively high blood and nail sele-
nium concentrations are associated with a reduced risk of ag-
gressive prostate cancer. Further investigation in large,
representative populations that have selenium measurements
from both blood and nail samples and that include information

on screening history, as well as stage and grade of tumors, is
needed to examine these possible associations in more detail.
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A
R

T
IC

LE

7 of 8 | JNCI J Natl Cancer Inst, 2016, Vol. 108, No. 11

Deleted Text: ,
Deleted Text: due to
Deleted Text: due to
Deleted Text: 6-
Deleted Text: -
Deleted Text: -
Deleted Text: ,
Deleted Text: ,
Deleted Text: -
Deleted Text: ,
Deleted Text: ,
Deleted Text: ;
Deleted Text: National Institutes of Health 
Deleted Text: ;
Deleted Text: United Kingdom
Deleted Text: ;
Deleted Text: ,
Deleted Text: ;
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,


Notes

The authors are solely responsible for the study design; the col-
lection, analysis, and interpretation of the data; the writing of
the article; and the decision to submit the article for publication.
All authors contributed to these analyses and read and ap-
proved the manuscript. The sponsors had no role in the study
design, data collection, data analysis, data interpretation, writ-
ing of the report, or the decision to publish. The authors have
no conflicts of interest to declare.

References
1. Combs GF, Jr, Gray WP. Chemopreventive agents: selenium. Pharmacol

Therap. 1998;79(3):179–192.
2. Duffield-Lillico AJ, Dalkin BL, Reid ME, et al. Selenium supplementation, base-

line plasma selenium status and incidence of prostate cancer: an analysis of
the complete treatment period of the Nutritional Prevention of Cancer Trial.
BJU Int. 2003;91(7):608–612.

3. Lippman SM, Klein EA, Goodman PJ, et al. 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;301(1):39–51.

4. Kristal AR, Darke AK, Morris JS, et al. Baseline selenium status and effects of
selenium and vitamin e supplementation on prostate cancer risk. J Natl
Cancer Inst. 2014;106(3):XXX-XXX.

5. Marshall JR, Tangen CM, Sakr WA, et al. Phase III trial of selenium to prevent
prostate cancer in men with high-grade prostatic intraepithelial neoplasia:
SWOG S9917. Cancer Prev Res. 2011;4(11):1761–1769.

6. Algotar AM, Stratton MS, Ahmann FR, et al. Phase 3 clinical trial investigating
the effect of selenium supplementation in men at high-risk for prostate can-
cer. Prostate. 2013;73(3):328–335.

7. World Cancer Research Fund. Diet, nutrition, physical activity and prostate cancer.
2014. http://www.wcrf.org/sites/default/files/Prostate-Cancer-2014-Report.pdf.
Accessed Feb 3, 2016.

8. Brooks JD, Metter EJ, Chan DW, et al. Plasma selenium level before diagnosis
and the risk of prostate cancer development. J Urol. 2001;166(6):2034–2038.

9. Nomura AM, Lee J, Stemmermann G, Combs GF Jr. Serum selenium and sub-
sequent risk of prostate cancer. Cancer Epidemiol Biomarkers Prev. 2000;9:
883–887.

10. Li H, Stampfer MJ, Giovannucci EL, et al. A prospective study of plasma sele-
nium levels and prostate cancer risk. J Natl Cancer Inst. 2004;96(9):696–703.

11. Yoshizawa K, Willett WC, Morris SJ, et al. Study of prediagnostic selenium
level in toenails and the risk of advanced prostate cancer. J Natl Cancer Inst.
1998;90(16):1219–1224.

12. Geybels MS, Verhage BA, van Schooten FJ, Goldbohm RA, van den Brandt PA.
Advanced prostate cancer risk in relation to toenail selenium levels. J Natl
Cancer Inst. 2013;105(18):1394–13401.

13. Goodman GE, Schaffer S, Bankson DD, Hughes MP, Omenn GS. Predictors of
serum selenium in cigarette smokers and the lack of association with lung
and prostate cancer risk. Cancer Epidemiol Biomarkers Prev. 2001;10(10):
1069–1076.

14. Helzlsouer KJ, Huang HY, Alberg AJ, Hoffman S, Morris SJ, Comstock GW.
Association between alpha-tocopherol, gamma-tocopherol, selenium and
subsequent prostate cancer. J Natl Cancer Inst. 2000;92(24):2018–2023.

15. Knekt P, Aromaa A, Maatela J, et al. Serum selenium and subsequent risk of
cancer among Finnish men and women. J Natl Cancer Inst. 1990;82(10):
864–868.

16. Peters U, Foster CB, Chatterjee N, et al. Serum selenium and risk of prostate
cancer-a nested case-control study. Am J Clin Nutr. 2007;85(1):209–217.

17. Allen NE, Appleby PN, Roddam AW, et al. Plasma selenium concentration
and prostate cancer risk: results from the European Prospective Investigation
into Cancer and Nutrition (EPIC). Am J Clin Nutr. 2008;88(6):1567–1575.

18. Gill JK, Franke AA, Steven Morris J, et al. Association of selenium, tocoph-
erols, carotenoids, retinol, and 15-isoprostane F(2t) in serum or urine with
prostate cancer risk: the multiethnic cohort. Cancer Causes Control. 2009;20(7):
1161–1171.

19. Steinbrecher A, Meplan C, Hesketh J, et al. Effects of selenium status and
polymorphisms in selenoprotein genes on prostate cancer risk in a prospec-
tive study of European men. Cancer Epidemiol Biomarkers Prev. 2010;19(11):
2958–2968.

20. Grundmark B, Zethelius B, Garmo H, Holmberg L. 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.

21. Roddam AW, Allen NE, Appleby P, Key TJ. Endogenous sex hormones and
prostate cancer: a collaborative analysis of 18 prospective studies. J Natl
Cancer Inst. 2008;100(3):170–183.

22. Roddam AW, Allen NE, Appleby P, et al. Insulin-like growth factors, their
binding proteins, and prostate cancer risk: analysis of individual patient data
from 12 prospective studies. Ann Intern Med. 2008;149(7):461–471, W83-W88.

23. Crowe FL, Appleby PN, Travis RC, et al. Circulating Fatty Acids and Prostate
Cancer Risk: Individual Participant Meta-analysis of Prospective Studies. J
Natl Cancer Inst. 2014;106(9):XXX-XXX.

24. Key TJ, Appleby PN, Travis RC, et al. Carotenoids, retinol, tocopherols, and
prostate cancer risk: pooled analysis of 15 studies. Am J Clin Nutr. 2015;102(5):
1142–1157.

25. Price AJ, Travis RC, Appleby PN, et al. Circulating folate and vitamin B12 and
risk of prostate cancer: a collaborative analysis of individual participant data
from six cohorts including 6875 cases and 8104 controls. Europ Urol. 2015;102:
1142–1157.

26. Travis RC, Appleby PN, Martin RM, et al. A meta-analysis of individual partici-
pant data reveals an association between circulating levels of IGF-I and pros-
tate cancer risk. Cancer Res. 2016; in press.

27. Thompson IM, Goodman PJ, Tangen CM, et al. The influence of finasteride on
the development of prostate cancer. N Engl J Med. 2003;349(3):215–224.

28. Hercberg S, Galan P, Preziosi P, et al. The SU.VI.MAX Study: a randomized,
placebo-controlled trial of the health effects of antioxidant vitamins and
minerals. Arch Intern Med. 2004;164(21):2335–2342.

29. Key TJ, Appleby PN, Allen NE, Reeves GK. Pooling biomarker data from differ-
ent studies of disease risk, with a focus on endogenous hormones. Cancer
Epidemiol Biomarkers Prev. 2010;19(4):960–965.

30. Etzioni R, Gulati R, Falcon S, Penson DF. Impact of PSA screening on the inci-
dence of advanced stage prostate cancer in the United States: a surveillance
modeling approach. Med Decis Making. 2008;28(3):323–331.

31. Jahn JL, Giovannucci EL, Stampfer MJ. The high prevalence of undiagnosed
prostate cancer at autopsy: implications for epidemiology and treatment of
prostate cancer in the Prostate-specific Antigen-era. Int J Cancer. 2015;137(12):
2795–2802.

32. Kenfield SA, Van Blarigan EL, DuPre N, Stampfer MJ, Giovannucci, JM., Chan,
EL Selenium supplementation and prostate cancer mortality. J Natl Cancer
Inst. 2015;107(1):360.

33. Stratton MS, Algotar AM, Ranger-Moore J, et al. Oral selenium supplementa-
tion has no effect on prostate-specific antigen velocity in men undergoing ac-
tive surveillance for localized prostate cancer. Cancer Prev Res. 2010;3(8):
1035–1043.

34. Longnecker MP, Stram DO, Taylor PR, et al. Use of selenium concentration in
whole blood, serum, toenails, or urine as a surrogate measure of selenium in-
take. Epidemiology. 1996;7(4):384–390.

35. Swanson CA, Longnecker MP, Veillon C, et al. Selenium intake, age, gender,
and smoking in relation to indices of selenium status of adults residing in a
seleniferous area. Am J Clin Nutr. 1990;52(5):858–862.

36. Satia JA, King IB, Morris JS, Stratton K, White E. Toenail and plasma levels as
biomarkers of selenium exposure. Ann Epidemiol. 2006;16(1):53–58.

37. Longnecker MP, Stampfer MJ, Morris JS, et al. A 1-y trial of the effect of high-
selenium bread on selenium concentrations in blood and toenails. Am J Clin
Nutr. 1993;57(3):408–413.

38. Garland M, Morris JS, Rosner BA, et al. Toenail trace element levels as bio-
markers: reproducibility over a 6-year period. Cancer Epidemiol Biomarkers
Prev. 1993;2(5):493–497.

39. Krogh V, Pala V, Vinceti M, et al. Toenail selenium as biomarker: reproducibil-
ity over a one-year period and factors influencing reproducibility. J Trace Elem
Med Biol. 2003;17(Suppl 1):31–36.

40. Morris JS, Stampfer MJ, Willett WC. Dietary selenium in humans: toenails as
an indicator. Biol Trace Elem Res. 1983;5:529–537.

41. Jerome-Morais A, Wright ME, Liu R, et al. Inverse association between
glutathione peroxidase activity and both selenium-binding protein 1 lev-
els and Gleason score in human prostate tissue. Prostate. 2012;72(9):
1006–1012.

42. Davis CD, Tsuji PA, Milner JA. Selenoproteins and cancer prevention. Annu
Rev Nutr. 2012;32:73–95.

43. Arsova-Sarafinovska Z, Matevska N, Eken A, et al. Glutathione peroxidase 1
(GPX1) genetic polymorphism, erythrocyte GPX activity, and prostate cancer
risk. Int Urol Nephrol. 2009;41(1):63–70.

44. Penney KL, Li H, Mucci LA, et al. Selenoprotein P genetic variants and mrna
expression, circulating selenium, and prostate cancer risk and survival.
Prostate. 2013;73(7):700–705.

45. Geybels MS, van den Brandt PA, Schouten LJ, et al. Selenoprotein gene vari-
ants, toenail selenium levels, and risk for advanced prostate cancer. J Natl
Cancer Inst. 2014;106(3):XXX-XXX.

46. Gerstenberger JP, Bauer SR, Van Blarigan EL, et al. Selenoprotein and antioxi-
dant genes and the risk of high-grade prostate cancer and prostate cancer re-
currence. Prostate. 2015;75(1):60–69.

47. Cooper ML, Adami HO, Gronberg 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;68(24):10171–10177.

48. Jablonska E, Gromadzinska J, Reszka E, et al. Association between GPx1
Pro198Leu polymorphism, GPx1 activity and plasma selenium concentration
in humans. Europ J Nutr. 2009;48(6):383–386.

49. van den Brandt PA, Zeegers MP, Bode P, Goldbohm RA. Toenail selenium lev-
els and the subsequent risk of prostate cancer: a prospective cohort study.
Cancer Epidemiol Biomarkers Prev. 2003;12(9):866–871.

A
R

T
IC

LE

N. E. Allen et al. | 8 of 8

Deleted Text: ,
Deleted Text: data 
Deleted Text: ,
Deleted Text: ,
http://www.wcrf.org/sites/default/files/Prostate-Cancer-2014-Report.pdf

	djw153-TF1
	djw153-TF3
	djw153-TF4
	djw153-TF5

