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ABSTRACT

A meta-analysis was undertaken to quantitatively determine if men with low selenium lev-
els were at increased risk of prostate cancer.

PubMed, EMBASE and current contents were searched to identify relevant studies. The
effect size was calculated by pooling the mean difference for serum, plasma and toenail
selenium levels (95% confidence intervals) separately and combined using a random effects
model. Meta-regression analysis explored possible sources of heterogeneity.

Twenty epidemiologic studies were selected. Mean differences were: -5.55 pg/1 (-9.82;
-1.27; p=0.01), -0.01 pg/g (-0.03; 0.006; p = 0.19), -0.52 pg/l (-4.63; 3.58; p = 0.80) for serum,
toenail and plasma studies, respectively. Overall, the pooled standardized mean difference
between cases and controls was; —0.23 (-0.40; —0.05; p = 0.01) indicating a possible inverse
association between selenium levels and risk of prostate cancer.

Differences in selenium levels between populations, a possible threshold effect and the
relationship between selenium and the different stages of prostate cancer require further
investigation.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Selenium is an essential dietary trace element which is
present in a wide range of foods such as grains, fish, meat

Prostate cancer is the second most common cancer in men
worldwide.! Incidence varies greatly between populations
and is highest in Western countries such as USA, Australia,
and Western Europe and lowest in Asian countries.! Inci-
dence rates range from 119.9 cases per 100,000 in USA to 1.6
cases per 100,000 in China.’ Migratory studies reporting dra-
matic increases in prostate cancer within one generation in
men who have moved from areas of low to high incidence,
suggest that environmental factors such as diet may be in-
volved in its aetiology.?

* Corresponding author: Tel.: +32 16 332 696; fax: +32 16 337 480.
E-mail address: brinkman@skynet.be (M. Brinkman).

and eggs and has been suggested to have a protective effect
against prostate cancer.® Concentrations of selenium in the
food supply like the incidence of prostate cancer vary greatly
between different populations.

Early epidemiological studies®* suggested an inverse asso-
ciation between selenium levels and the risk of cancer. How-
ever, results from the Nutritional Prevention of Cancer Trial
(NPCT)® involving 1312 subjects who received 200 pg of sele-
nized yeast or a placebo per day for 4.5 years (mean) reported
a strong inverse association between selenium and prostate
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cancer specifically. Although incidence of non-melanoma
skin cancer was the primary outcome of this study, secondary
analysis revealed a 63% reduced risk in prostate cancer
among subjects taking selenium supplementation.®

Additional follow-up and analysis for the complete treat-
ment period of this trial indicated that selenium supplemen-
tation continued to significantly reduce the overall incidence
of prostate cancer.” This protective effect however, was re-
stricted to participants in the lowest tertiles of plasma sele-
nium (<123.2 ng/ml).

Clinical trials investigating the relationship between sele-
nium and the risk of prostate cancer are currently under-
way.®2® However, results from the SELECT trial'® involving
32,400 men will not be available until 2013. Several epidemio-
logical studies investigating selenium levels and the risk of
prostate cancer have found both an inverse association**
and no association.'®8

A recent meta-analysis'® of observational studies investi-
gated the effect of selenium intake on prevention of prostate
cancer and reported that a higher selenium intake may reduce
the risk of prostate cancer. This study used blood, toenail and
plasma measures and dietary questionnaires to estimate sele-
nium intake. There are however problems associated with
pooling selenium data using different sources and scales. It
is also difficult to estimate selenium intake using dietary
questionnaires without validation from human biomarkers
as large variations in food supplies and importation of food be-
tween countries can influence measurement. Analysis of risk
association solely in terms of comparison between quantiles
also does not seem appropriate as the reported highest levels
from some regions do not reach the lowest levels from others.

This meta-analysis provided an update of the literature
and an alternative approach to investigating the association
between selenium and the risk of prostate cancer. Actual
mean differences in serum, plasma and toenail levels be-
tween cases and controls/cohorts were analysed both sepa-
rately and combined using a random effects’ model to
investigate the association between selenium levels and the
risk of prostate cancer.

2. Methods

2.1. Search strategy

A computerised search of PubMed (1966-Jan 2006), EMBASE
(1974-Jan 2006) and Current Contents (1998-Jan 2006) was con-
ducted to identify epidemiologic studies relating to selenium
and prostate cancer.

The combination of free text terms prostat” cancer and selen”
formed the basis of the search. These were combined with
chemoprevention, case-control studies, cohort studies, epidemiologic
studies OR prospective studies. Medical subject heading (MeSH)
terms prostatic neoplasms, urological neoplasms, or urogenital neo-
plasms were also combined with selenium (MeSH). Selenium
levels or antioxidants and risk were added to prostat’cancer. Se-
len’, cancer and epidemiologic studies were used to locate any fur-
ther studies containing prostate cancer cases. There was no
language restriction placed on the search.

All references from retrieved publications were thoroughly
checked until no further studies could be identified.

2.2. Inclusion/exclusion criteria

Inclusion criteria for studies were: (1) articles from peer re-
viewed medical journals; (2) cohort, nested case-control stud-
ies and case-control studies; (3) studies containing selenium
serum, plasma and toenail measures; (4) studies providing
numbers, mean selenium measures and standard deviations
(SDs) for both cases and controls; (5) if SDs were not available
they could be calculated by alternative means; and (6) studies
which reported prostate cancer incidence.

Studies only assessing dietary intake were excluded due to
large variability in the selenium content of food and limita-
tions associated with food frequency questionnaires and
other dietary measurements.’® Due to the generally long time
interval between prostate cancer diagnosis and death, mor-
tality studies were excluded from this review.?° Cross-sec-
tional studies were considered ineligible because they report
prevalence and not incidence.* As benign prostate hyperpla-
sia (BPH) may be a precursor to prostate cancer, studies using
only controls with this disease were also excluded.?

2.3. Data extraction

Two researchers (M.B. and E.K.) independently reviewed all
studies and abstracted data using a standardised form. One
researcher (E.K.) was blinded to the author, title of the journal,
references, acknowledgements and associations of all papers.
Year of publication was available to both researchers to en-
able analysis of prostate cancer pre and post prostate specific
antigen (PSA) era. A study was considered to be in the PSA era
if it was conducted after 1989 when PSA measurement be-
came more routinely available to clinicians in most developed
countries.?® Results were available to both researchers for
quantitative data extraction.

2.4. Qualitative data extraction

Study characteristics extracted from each paper were: coun-
try, year of publication, design (cohort, nested case-control
study, case-control study), selenium measure (serum, plasma
and toenail), ethnicity (defined as white, black, Asian or un-
known when an ethnic group consisted of more than 50% of
the total number of subjects), setting (population, cancer reg-
istry, hospital and specimen bank), number of patients and
controls/cohort, stage of disease (local, advanced, both and
unknown), method of diagnosis (histological, pathological,
hospital record and unknown) mean age and SD of subjects.
Authors of retrieved articles were contacted where necessary
and asked to provide additional information. Any disagree-
ment between researchers was resolved by continuing discus-
sions until consensus was reached.

2.5. Quantitative data extraction

The mean difference in selenium levels between prostate
cancer cases and their controls/cohorts was the major out-
come of this study. Mean selenium levels and standard devi-
ations for cases and controls/cohorts were extracted from
all individual studies. When standard deviations were
unavailable they were calculated from the range of selenium
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12,15,24,25 6

measures, standard error of the mean,?® standard
error of the mean difference,??® confidence intervals
(CIs)*® or obtained directly from the author.”> Where only
the median and no other selenium values were available,
then this was used in analysis.”>*

A third, independent researcher (RR) also extracted quan-
titative data, checked calculations and repeated the analysis
in order to prevent mathematical errors.

2.6. Statistical analysis

The effect size®® was calculated for each study using the
mean difference divided by the pooled estimate of the stan-
dard deviation in order to express the effect size in a common
metric; the standardized mean difference (SMD). SMDs and
corresponding 95% ClIs were pooled using a random effects
model. A SMD of 0.2 was considered small, 0.5 medium and
0.8 large®* and was considered statistically significant if zero
was not included in the 95% CI. Following standardisation of
selenium measures for each group, e.g. serum studies (ug/l);
plasma studies (ug/l); toenail studies (ng/g), actual mean dif-
ferences and corresponding standard error of mean differ-
ence for each individual study were pooled in each group
also using a random effects model. The Q statistic which
measures the homogeneity between studies was used to
determine the presence of heterogeneity.*> Sensitivity and
subgroup analyses were conducted in preference to quality
scoring as they were considered to be a more appropriate
way of dealing with methodological differences between
studies. Possible sources of heterogeneity were explored
using meta-regression analysis to examine the influence of
the following study characteristics: study design, different
selenium measures, ethnicity and PSA era on the SMD. Mean
age was similar both among the studies and between cases
and controls/cohorts and was not included in meta-regres-
sion analysis. Stage of the disease was also not included in
the meta-regression analysis due to lack of available informa-
tion. In a sensitivity analysis, highly influential studies were
excluded to increase homogeneity and analysis was repeated
to compare results without these studies. Variance between
studies was estimated iteratively using the empirical Bayes’
method.*® Publication bias was investigated visually by a fun-
nel plot and statistically via Egger’s unweighted regression
test which measures the degree of funnel plot asymmetry.>*
The trim and fill method® which is based on the funnel plot
was also used to investigate publication bias. This method
provides an estimate of the number of possible missing stud-
ies and then repeats a meta-analysis which also includes
these studies. The correlation between mean selenium levels
of controls/cohorts and SMD was also examined. All statisti-
cal analyses were performed by Stata statistical software ver-
sion 8.%°

3. Results

3.1. The literature search

The search strategy (Fig. 1) identified 51 epidemiologic stud-
ies. Subsequent evaluation resulted in the exclusion of 32
studies from the analysis. These included: six dietary stud-

Searched PubMed,
EMBASE & Current
Contents Databases

.

51 Potentially
relevant studies

identified
Excluded 17 papers:
6 Diet, 6 Mortality, 1BPH,
» 2 Cross-sectional studies
v & 2 studies measuring
29 English papers only prostate tissue
& 5 Non English
papers
remaining Excluded 4 Non English
Papers: 1 Serbian, 2
Chinese & 1 Polish paper
(Did not meet criteria
v when translated)
Checked criteria of 30
Remaining papers
Excluded 11 additional
papers: due to no Prostate
| cancer cases or selenium
measures available in
papers

Included 19 papers
(on 20 Studies)

Fig. 1 - Flow chart of results of the literature search.

ies;'®17:370 gix mortality studies;?>*™° two cross-sectional

studies;?»*® two studies which measured only prostate tis-
sue;**8 one study which used controls with BPH;*? 14 studies
which did not contain either the number of prostate cases or
4962 and one study which had only one
case.®® A total of 19 papers'' 11824296470 met inclusion cri-
teria of which one®® contained two separate study popula-
tions (black and white), resulting in 20 studies which were
included in the analysis.

selenium measures

3.2.  Study characteristics

The characteristics of all studies are presented in Table 1. A
total of 2889 cases and 5032 controls/cohort members
(including one sub-sample from a cohort;**) were identified
from the 20 studies. Study designs included nine nested
case-control studies;!1"131>1827.286465 pijne  case—control
studies®* 2629666870 (Ref [26] contains two studies in one
paper); one cohort®” and one case-cohort study.'* Serum,
toenail and plasma selenium measures were used in
11’12,18,26—29,65,67—69 Six13—15,24,25,66 and three Studiesll’64'7o,
respectively.  Fifteen  studies'’™'2426:29.6466.6870  yere
undertaken during the PSA era. The mean age for cases
and  controls/cohorts  was  calculated from = 15

studieg!12:141518,24-27,29,6566,6970 anq were 63.7 and 61.6

t67
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Table 1 - Summary of studies included in analysis

Country Study No. of No. of Measure Results
design cases controls

USA Nested cc 52 96 Plasma OR = 0.24 (0.08-0.77; p = 0.01) highest versus lowest quartile

USA Nested cc 586 577 Plasma OR =0.52 (0.28-0.98; p-trend = 0.05) highest versus lowest
quintile (advanced cases)

Poland Case-control 32 39 Plasma Se 70.9 ng/ml (SD; 13.9) cases; 73.9 ng/ml (SD; 13.0) controls

USA Nested cc 11 22 Serum Se 0.128 pg/ml cases; 0.139 pg/ml controls; (SEMD; 0.009;
p=0.12)

USA Case—control 101 112 Serum OR =0.68 (0.28-1.61; p-trend = 0.14) highest versus lowest
quartile

USA Case—control 111 121 Serum OR =0.70 (0.30-1.64; p-trend = 0.51) highest versus lowest
quartile

USA Nested cc 249 249 Serum OR = 0.5 (0.30-0.9; p-trend = 0.02) highest versus lowest
quartile

USA Nested cc 235 456 Serum OR =1.02 (0.65-1.60; p-trend = 0.69) highest versus lowest
quartile

Finland Nested cc 51 92 Serum OR = 1.15; p-trend = 0.71 highest versus lowest fifths

Spain Case—control 116 107 Serum Se 69.90 pg/l (95% CI: 67.74-72.07) cases; 74.88 pg/l (95% CI:
72.0-77.76) controls; p < 0.05

USA Nested cc 14 28 Serum Se 0.120 pg/ml cases; 0.117 pug/ml controls; (SEMD; 0.007)

Finland Cohort study 14 964 Serum Se 58.9 pg/l (SEM; 4.3) cases; 55.3 ng/l (SEM; 0.5) controls

Turkey Case-control 10 101 Serum Se 68.3 pg/l (SD; 11.9) cases; 94.1 pg/l (SD; 12.5) controls

Bulgaria Case—control 34 33 Serum Se 41.66 pg/l (SD; 9.45) cases; 54.73 pg/l (SD; 10.80) controls;
p=<0.001

England Case—control 300 300 Nail OR =1.24 (0.73-2.10) highest versus lowest quartile

Netherlands Case-cohort 522 1211 Toenail OR = 0.69 (0.48-0.99; p-trend = 0.008) highest versus lowest
quintile

USA Nested cc 181 181 Toenail OR = 0.35 (0.16-0.78; p-trend = 0.03) highest versus lowest
quintile

USA Nested cc 117 233 Toenail OR = 0.65 (0.32-1.32; p-trend = 0.28) highest versus lowest
quintile;significant when gamma tocopherol levels high

Canada Case-control 83 82 Toenail OR = 1.14 (0.46-2.83; p-trend = 0.62) highest versus lowest
quartile

Austria Case-control 70 28 Toenail Se 528 ng/g (range: 393-4274) cases; 502 ng/g (range: 201-831)

controls (P value not significant)

Nested cc, nested case-control study; case-control, case-control study; case-cohort, case-cohort study; Se, selenium; OR, odds ratio; figures in
parentheses following odds ratio = 95% Confidence Intervals; SD, standard deviation; SEMD, standard error of the mean difference; SEM,

standard error of the mean.

either the sole or
11,14,15,18,24-28,64-66

years, respectively. White was
predominant ethnic group in 12 studies.

Seven studies'®?*2>286567 reported no association
between case status and selenium level; 1311-15:26,27,29,64,68-70
indicated an inverse association of which eight!*429.64.6869
were statistically significant; four®®?”’° were not statistically
significant and one'”> was statistically significant when
y-tocopherol levels were high.

3.3.  Standardized mean difference

The results of a meta-analysis for all 20 studies combined
are presented in Fig. 2. A small negative but statistically sig-
nificant SMD was obtained for the combined studies; —-0.23
(95% CI: -0.40; —0.05; p = 0.01) indicating that selenium levels
were lower in the prostate cancer cases compared to con-
trols/cohorts. Heterogeneity was statistically significant be-
tween these studies; Q= 195.32 (p =0.00). Meta-regression
analysis examining the influence of four covariates; design,
measure, PSA era and ethnicity on the SMD indicated that
only study design had a significant effect on the results;

p =0.046. Results for ethnicity (p=0.06), measure (p=0.71)
and PSA era (p = 0.93) were not significant. Three potentially
influential studies are identified in Fig. 2. A statistically sig-
nificant but very small negative SMD was also obtained
after these studies were excluded from an additional
meta-analysis of the remaining 17 studies; -0.06 (95% CI:
-0.11; -0.01; p = 0.02). Heterogeneity was also no longer sig-
nificant following removal of the influential studies
(Q=15.69; p =0.48).

Although the funnel plot (Fig. 3) was slightly asymmetrical,
this was not statistically significant according to Egger’s un-
weighted regression test (-0.31) or from the trim and fill
method which indicated no change in the SMD (data not
shown). Subgroup analysis of retrospective and prospective
study designs resulted in a SMD of -0.56 (95% CI: -1.06;
-0.07; -0.03) and -0.07 (95% CI: -0.13; -0.002; -0.047), respec-
tively. Heterogeneity remained significant for the retrospec-
tive design (Q = 175.40; -0.00) but was not significant for the
prospective design (Q = 11.89; p = 0.30). No correlation was ob-
served between mean selenium levels (controls/cohorts) and
SMD (data not shown).
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cancer cases and their controls/cohorts for all studies combined.
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Fig. 3 - Publication bias funnel plot indicating effect
estimates against estimated precision for each study.

3.4.  Mean differences

A meta-analysis of the 11 serum studies (Fig. 4a) resulted in a
large, negative and statistically significant mean difference
between cases and controls; -5.55 ug/l (95% CI: —-9.82; -1.27;
p=0.01). There was however, significant heterogeneity be-
tween these studies (Q=759.90; p=0.00). Meta-regression
analysis of the covariates indicates that both design
(p =0.003) and ethnicity (p =0.03) but not PSA era (p =0.43)
had an effect on the mean differences.

Pooling of the toenail studies (Fig. 4b) resulted in a very
small, negative and not statistically significant mean differ-
ence between the cases and controls/cohorts; -0.01 pg/g
(95% CI: -0.03; 0.006; p = 0.19). Heterogeneity was not signifi-
cant between the six toenail studies (Q = 4.07; p = 0.54).

The combined mean difference for the three plasma stud-
ies (Fig. 4c) indicated that selenium levels were lower in cases
but not statistically significant; -0.52 pg/1 (-4.63; 3.58; p = 0.80).

Heterogeneity was also not statistically significant between
these studies (Q = 4.59; p = 0.10).

4, Discussion

This meta-analysis consisted of 20 epidemiological studies
from diverse populations and found that selenium levels were
lower in cases compared to controls/cohorts. Results from
this meta-analysis agree with previous studies”® which sug-
gest that there is a possible inverse association between sele-
nium and prostate cancer. Several studies reported that the
inverse association between selenium levels and risk of pros-
tate cancer was strongest in cases with advanced disease.*™*
These findings suggest that selenium may not only be in-
volved in incidence but may also have a role in progression
of prostate cancer. The PSA era appeared to have no influence
on the effect estimate. Vitamin E was reported to have both
an effect’™>?%?” and no effect’*?* on the association between
selenium and prostate cancer.

Subgroup analyses of serum, toenail and plasma studies
also found that selenium levels were lower in cases than con-
trols/cohorts.

Even though publication bias was not evident, the epide-
miological studies included in this review were heteroge-
neous. Advantages of this diversity and meta-analysis are
that it highlights the contribution of each study to the avail-
able literature and areas which require further investigation.

4.1. Selenium levels

Selenium levels varied considerably between populations in
this review. Generally, studies conducted in the United States
had higher selenium levels in both cases and controls/cohorts
than those in Europe. Some European studies'®?° had values
approximately a half or lower®® than those reported from
studies from the United States making comparison of the
highest selenium levels to the lowest to determine relative
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risks or odds ratios difficult. The influential studies
where the SMDs were greatest originated from Spain, Turkey
and Bulgaria. These studies had the largest differences be-

29,68,69

tween cases and controls with very small variances resulting
in larger SMDs. One US study”® analysed serum selenium
from black and white males separately and found that the
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risk of prostate cancer was similar for both ethnic groups.
This suggests that not only genetics is involved in these pop-
ulation differences but other factors must also be considered.

A number of the studies found that men in the lowest
selenium level had the greatest risk of prostate can-
cer.”121%:26.27.64 gerym levels above which there is reported
to be a reduced risk of prostate cancer range from 115 to
147 ug/L.**?7%* While no threshold effect could be deter-
mined from this meta-analysis, it has been postulated that
there is a possible threshold effect where selenium levels
must reach certain concentrations to influence carcinogene-
sis.?®%* This could explain inconsistencies present in the lit-
erature. Some previous studies have contained controls with
selenium levels below the threshold to prevent carcinogene-
sis. Alternatively, one study noted that once selenium
reached a certain level, there was no additional benefit from
having higher values.®* Age, smoking and manganese super-
oxide dismutase (MnSOD), glutathione S-transferase M1
(GSTM1) and 15-kDa selenoprotein (SEP15) polymorphisms
are thought to reduce selenium levels.'%1426:647172 [t has
been suggested that selenium supplementation may protect
men who are in these categories. Potential toxicity is a seri-
ous issue when considering supplementation, however,
doses of selenium between 200 pg and 3200 pg as selenised
yeast have been administered in clinical trials without re-
ports of serious adverse effects.””3

4.2.  Study design

Meta-regression analysis identified study design as a poten-
tial source of heterogeneity. Although inclusion of retrospec-
tive studies is not ideal when trying to establish aetiology,
they make a large contribution to the literature investigating
the association between selenium and prostate cancer, con-
sisting of approximately 50% of the papers. A general concern
associated with retrospective studies is the potential for recall
bias; however as exposure was measured using biological
markers this was avoided. Results from clinical trials have
indicated that these biomarkers are useful indicators of sele-
nium exposure.®’* Subgroup analysis of study design also
found that results were in the same direction for both pro-
spective and retrospective studies. As the nine case-control
studies?* 2629666870 were conducted in eight different coun-
tries these studies also highlighted the differences in sele-
nium levels between populations.

5. Conclusion

This meta-analysis of all currently available epidemiological
studies suggests that men with low selenium levels are at in-
creased risk of prostate cancer.

Further exploration of genetic and environmental factors
may help to explain population differences in selenium levels
and prostate cancer incidence.

Future research should try to determine if there is a
threshold level for selenium to protect against prostate can-
cer with particular reference to the stage of the disease and
how it relates to current intake and recommended daily
allowances. Results from ongoing clinical trials may help to
address some of the issues raised in this paper.
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