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Abstract

The role of the essential trace mineral selenium in human health and disease is currently a subject of intense interest. In
particular, the possible cancer preventive effects of dietary selenium supplementation are now being investigated in several
large, randomized trials. The association between selenium status, genotoxic damage, and cancer risk remains enigmatic
because epidemiologic studies have failed to consistently link low selenium status with increased cancer risk in men and
women. In this paper, we considered the evidence that there are sex-based differences in the anticarcinogenic effects of
selenium in humans. We focused our review on prospective human studies in which the relationship between selenium status
and cancer risk in men and women was directly compared. Results from cohort studies conducted in seven countries (Belgium,
China, Finland, Japan, Netherlands, Norway, and United States) were used to assess the strength of association between low
selenium status and the incidence of all cancers, sex-specific cancers, and cancers at particular anatomic sites. In general, the
available data support the hypothesis that cancer risk in men is more profoundly influenced by selenium status than cancer risk
in women. Factors contributing to the apparent difference in the effects of selenium on cancer incidence in men and women
may include sex-based differences in the metabolism and/or tissue distribution of selenium, as well as sex- or gender-related
factors that influence tumor biology. Studies are needed to further define the dose–response relationship between selenium
and cancer risk in men and women. A more complete understanding of the mechanisms by which selenium modulates cancer
initiation and progression is needed to optimize dietary selenium supplementation as a practical cancer preventive strategy.
Ultimately, achieving the ambitious goal of cancer prevention may require sex- and gender-specific approaches.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The trace mineral selenium is an essential compo-
nent of several metabolically important enzymes, in-
cluding the antioxidant glutathione peroxidases and
thioredoxin reductases[1–3]. Because dietary sele-
nium supplementation inhibits cancer development in
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a variety of experimental animal models[4–6], there
is growing interest in the prospect that selenium status
significantly influences human cancer risk.

To date, the epidemiologic evidence from prospec-
tive human studies is inconsistent—some investiga-
tions show an increased risk of cancer in individuals
with lowest selenium status, whereas other studies
report null results[7,8]. In a randomized, placebo-
controlled study of older Americans, daily use of an
oral selenium supplement substantially reduced the
risk of several cancers, most notably cancer of the
prostate[9]. These results suggested the exciting pos-
sibility that significant reductions in cancer risk may
be realized with low, non-toxic doses of selenium that
could readily be achieved by dietary supplementation.
The cancer protective effects of selenium may be me-
diated by selenoproteins operating within enzymatic
systems which are saturated at relatively low levels
of selenium, or by selenium metabolites that increase
substantially under conditions of supranutritional
selenium intake[10].

In 1987, Kok et al.[11] in the Netherlands reported
that low selenium status was associated with increased
cancer risk in men, but not in women. They proposed
that serum selenium may only be a useful predictor
for cancer risk in men. This hypothesized sex-based
difference was consistent with earlier data reported
from Finland[12] and the United States[13].

In this article, we consider the evidence that there
are sex-based differences1 in the anticarcinogenic ef-
fects of selenium in humans. To accomplish this, we
critically review data from prospective human stud-
ies in which the association between selenium status
and subsequent cancer risk in men and women was
directly compared. We also review prospective studies
that were restricted to males or females as well as stud-
ies with both men and women in which sex-specific
cancer risk was not reported; our discussion of these
studies is limited. The purpose of this review is to
provide a conceptual framework for future investiga-

1 In this article, we use the terms sex and gender to discuss
the differences between men and women. These terms are used
in accordance with definitions proposed by the 2001 Institute
of Medicine Report, “Exploring the Biological Contributions to
Human Health: Does Sex Matter?”[14]. The term sex is used
when differences are primarily biological in origin and may be
genetic or phenotypic; gender is used when referring to social and
cultural influences based on sex[15].

tions on the underlying mechanisms and public health
implications of the apparent sex-based differences in
selenium anticarcinogenesis.

2. Sex-based differences in the association
between selenium status and total cancer incidence

Prospective cohort studies provide an opportunity
to evaluate the association between nutrient status
and the subsequent risk for cancer. In these studies,
pre-diagnostic biological samples are collected from
a cohort of healthy individuals who are free of can-
cer. After the cohort is followed longitudinally over
time, samples are analyzed from all cancer cases and
a matched group of controls who did not develop
cancer during the observational period.

Table 1summarizes data from six prospective co-
hort studies[11–13,16–18]conducted in five countries
(Finland, Japan, Netherlands, Norway, and United
States) in which the effect of dietary selenium intake
on total cancer incidence in men and women was
measured by comparing the serum selenium concen-
tration of cancer cases versus controls without cancer.
Among men, cancer cases had significantly lower se-
lenium concentration than controls (P < 0.05) in four
of six studies. On average, males that subsequently de-
veloped cancer at any site had an 8% (range, 5–23%)
lower selenium concentration than men who did not
develop cancer. In contrast, there was no significant
difference between selenium concentration in female
cases versus controls in any of the studies. Women
with cancer had higher selenium concentration than
men with cancer in four of the studies. This is con-
sistent with the findings of Criqui et al.[19] in which
mean serum selenium concentration in 74 men that
subsequently had cancer mortality was 4�g/L lower
than controls (P < 0.40); in contrast, 62 women with
cancer mortality had serum selenium concentration
11�g/L higher than controls (P = 0.03).

In three studies[11,16,20], the relative risk of can-
cer in individuals with the lowest serum selenium was
compared with the incidence of cancer in individuals
with the highest selenium status. In Belgium, Finland,
and the Netherlands, men with low selenium status
had a significantly higher relative risk (2.2–2.7-fold
increase) of cancer at all sites than men with high se-
lenium. In contrast, women with low serum selenium
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Table 1
Mean pre-diagnostic serum selenium concentration in cancer cases and matched controls from six prospective cohort studies

Cohort Cases Mean± S.D. serum selenium concentration (�g/L) P-value

Case Control

Finland
Salonen et al.[12] 16 male smokers 49.3 63.5 <0.05

14 male non-smokers 49.9 58.4 >0.05
21 female (all non-smokers) 59.5 60.5 >0.05

Knekt et al.[16] 597 male 59.1± 17.5 62.5± 15.4 <0.001
499 female 63.6± 17.4 63.9± 14.3 >0.05

Japan
Ujiie and Kikuchi [18] 35 male 105.2 112.8 0.18

38 female 97.4 102.7 0.25

Netherlands
Kok et al. [11] 40 male 116.7± 4.0 126.4± 3.1 0.04

29 female 130.6± 6.0 129.3± 4.3 0.83
Norway

Ringstad et al.[17] 26 male 124.0 130.3 0.08
34 female 123.2 127.9 0.36

USA
Willett et al. [13] 60 male 127.0 137.0 0.008

51 female 132.0 134.0 0.57

had a relative risk to develop cancer that did not differ
significantly from unity (Fig. 1).

Garland et al.[21] analyzed the association between
selenium and cancer risk in women (503 cancer cases
and matched controls) in the Nurses Health Study.
Toenail selenium concentration was not inversely as-
sociated with overall cancer risk or cancer risk at any
site. The authors concluded that higher selenium in-
take within the range typical for US women was not
protective against cancer development in women.

Taken together, these studies suggest that overall
cancer incidence in men is more profoundly affected
by low selenium status than is cancer incidence in
women.

3. The association between selenium status and
risk of breast cancer and prostate cancer

To further analyze the influence of sex or gender-
related factors on the anticarcinogenic effects of sele-
nium, we explored the association between selenium
status and risk of two sex-specific cancers—breast

cancer and prostate cancer.Fig. 2 summarizes data
collected from the largest prospective cohort studies
conducted in Finland, Netherlands, and United States.
An inverse association between serum selenium con-
centration and prostate cancer risk was not seen in
the Finnish study (n = 61 cases)[16]. However, two
large studies from the Netherlands (n = 540 cases)
and United States (n = 181 cases) showed that men
with low selenium status had a significantly increased
risk (RR = 1.5 and 2.9, respectively) of prostate
cancer compared to men with high selenium status
[22,23].

In a secondary cohort analysis of the Alpha To-
copherol Beta Carotene (ATBC) Cancer Prevention
Study, no significant association between low sele-
nium intake and prostate cancer risk was found in the
placebo treated or�-tocopherol treated groups[24].
Similarly, low baseline selenium status was not a
significant risk factor for subsequent prostate cancer
in the Carotene and Retinol Efficacy Trial (CARET)
[25]. Among Japanese American men in Hawaii, low
selenium status was associated with a significant in-
creased risk of prostate cancer in current smokers
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Belgium 

Kornitzer et al 

2004 [20]

Finland 

Knekt et al 

1990 [16]

Netherlands

Kok et al 

1987 [11]

RRmale = 2.2 (1.3-3.7) 

|----------- --------|

RRfemale = 0.7 (0.3-1.6) 

|------------ ---------------|

RRmale = 2.4 (Ptrend < 0.001) 

RRfemale = 1.2 (Ptrend = 0.60) 

RRmale = 2.7 (1.2-6.2) 

|------------ ---------------| 

                                  RRfemale = 1.5 (0.5-4.5) 

                   |------------------- -------------------|

                0.12      0.25       0.5       1.0       2.0       4.0       8.0 

Relative Risk†

† 
Represents the relative cancer risk for individuals with low selenium status compared 

to cancer risk in individuals with high selenium status. For each sex, cancer risk in 

individuals with high selenium status equals 1.0. 

Fig. 1. Relative risk of cancer (all sites) associated with low selenium status in men and women from three prospective cohort studies.

[RR = 5.0 (1.3–10.0)] and past smokers [RR= 2.0
(0.9–5.0)], but not in never smokers [RR= 1.25
(0.5–2.5)][26]. There was a non-significant trend to-
ward increased prostate cancer risk with low selenium
in a Washington County, MD cohort study[27]. More
recently, low selenium status was associated with a
four-fold increase in prostate cancer risk among partic-
ipants of the Baltimore Longitudinal Study on Aging
[28].

In contrast to prostate cancer, cohort studies lend lit-
tle support for the hypothesis that low selenium status
confers an increased risk of breast cancer[29–34]. Two
large studies from the Netherlands (n = 202 cases; RR
= 1.1) and United States (n = 434 cases; RR= 0.9)
showed a null association between breast cancer risk
and selenium status[33,34].

4. Sex-based differences in the association between
selenium status and risk of particular cancer types

Next, we sought to determine whether there were
sex-based differences in the association between
selenium status and cancer incidence at particular
anatomic sites.Figs. 3–5summarize the data from
prospective studies in which the risk of specific can-
cers in men and women was compared. Data from
Finland (lung, colorectal, stomach, pancreatic, urinary
tract, and non-melanoma skin cancer), Netherlands
(lung, colorectal, and stomach cancer), and United
States (lung, pancreatic cancer) are summarized be-
low for each cancer site. With two exceptions[30,35],
the cutoffs used to define low versus high selenium
status in these cohorts are shown inFig. 6. Table 2
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BREAST CANCER PROSTATE CANCER 

Finland 

Knekt et al 1990 [16]

Netherlands 

van den Brandt et al 

1994, 2003 [22,33]

van Noord et al 

1987 [30]

USA 

Hunter et al 1990 [34]

Dorgan et al 1998 [29]

Yoshizawa et al 

1998 [23]

Nomura et al 2000 [26]

Helzlsouer et al 

2000 [27]

Brooks et al 2001 [28]

Goodman et al 

2001 [25]

RR = 1.6 (Ptrend = 0.45) RR = 0.9 (Ptrend = 0.71) 

                RR = 1.1 (0.7-1.8)                 RR = 1.5 (1.0-2.1) 

               |--- ----|                            |-- --| 

              RR = 0.9 (0.3 – 2.0) 

           |---- -------| 

RR = 0.9 (0.6-1.4) 

            |-- ---|  

                   RR = 1.1 (0.6-2.5)                  

               |--- ------|                             

RR = 2.9 (1.3-6.3)

|------- -----| 

                                                     RR = 2.0 (1.1-3.3)

|----- ------|  

                                                     RR = 1.7 (0.8-3.4)

|---- ------| 

                                                             RR = 4.2  

                                                             (1.3-12.5)

|---------- ------ 

                                                  RR = 1.0 (0.6-1.5)

|---- --|

0.12   0.25   0.5     1.0   2.0    4.0    8.0  0.12  0.25   0.5    1.0    2.0    4.0    8.0

Relative Risk
†
                Relative Risk

†

† 
Represents the relative cancer risk for individuals with low selenium status compared to 

cancer risk in individuals with high selenium status. For each sex, cancer risk in individuals 

with high selenium status equals 1.0. 

Fig. 2. Relative risk of prostate cancer and breast cancer associated with low selenium status in 11 prospective cohort studies.

shows the factors used in these prospective studies to
match cases with controls and to conduct multivariate
analysis of cancer risk.

4.1. Lung cancer

The risk of lung cancer in Finnish men was 3.3 times
greater in men with low selenium status than in those
with high selenium status (P for trend<0.001) [16]

(Fig. 3). In that study, there were only nine evaluable
cases of lung cancer in women, and therefore no valid
conclusions could be posited regarding the association
between selenium status and female lung cancer risk.

In a Netherlands cohort study[36], men with low
selenium status had a statistically significant two-fold
increased risk of lung cancer. Women with low sele-
nium had a 2.5-fold increased risk of lung cancer com-
pared to women with high selenium status, but this
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Lung 
Knekt et al 1990 [16] 

Finland 

van den Brandt 

et al 1993 [36] 

Netherlands 

Goodman et al 2001 

[25] 

USA  

Comstock et al 1996 

[35] 

USA 

RRmale = 3.3 

RRfemale =0.2 (Ptrend =0.90)                    (Ptrend < 0.001)

RRmale = 2.0 (1.2-3.3)

         |--------- -------|
RRfemale =2.5 (0.8-7.7) 

                           |-------------------- --------------|

                         RRmale = 0.7 (0.4-1.2) 

|------- -------|
RRfemale =1.3 (0.5-3.4) 

                      |--------------- --------------|

                                      RRmale = 1.7 (Ptrend=0.14) 

RRfemale =1.4 (Ptrend=0.34) 

Colorectal 
Knekt et al 1990 [16] 

Finland 

van den Brandt 

et al 1993 [37] 

Netherlands 

RRmale = 1.9 (Ptrend =0.64) 

RRfemale = 1.3 (Ptrend =0.72) 

RRmale, colon = 1.2 (0.6-2.3) 

       |----------- --------|
RRfemale, colon =1.3 (0.7-2.4) 

                          |----------- --------|

RRmale, rectum = 1.1 (0.5-2.4) 

       |------------ -----------|
RRfemale, rectum =0.6 (0.2-1.7) 

           |----------------- --------------|

            0.12      0.25    0.50     1.0      2.0       4.0       8.0 

     Relative Risk
†

† 
Represents the relative cancer risk for individuals with low selenium status compared 

to cancer risk in individuals with high selenium status. For each sex, cancer risk in 

individuals with high selenium status equals 1.0. 

Fig. 3. Relative risk of lung and colorectal cancer associated with low selenium status in men and women from prospective cohort studies.

did not reach statistical significance perhaps due to the
relatively small number of female cases (n = 32).

Men and women with low selenium status had sim-
ilar increases in risk of lung cancer in a Washington
County, MD cohort study (CLUE II)[35]. Low base-
line selenium status was not a significant risk factor
for lung cancer in men or women in the Carotene and
Retinol Efficacy Trial[25].

It is notable that women with lung cancer in
the Nurses Health Study had significantlylower
toenail selenium concentration than matched con-
trols (P = 0.03) [21]. However, selenium status
had no significant influence on lung cancer risk in
women after adjusting for smoking status [RR and
95% CI in the lowest versus highest tertile= 0.23
(0.03–1.85)].
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Stomach 
Knekt et al 1990 [16] 

Finland 

van den Brandt 

et al 1993 [37] 

Netherlands 

RRmale = 11.1 

                         (Ptrend =0.002) 

��

RRfemale = 3.7 (Ptrend =0.15) 

�

RRmale = 2.5 (1.0-5.9) 

|--------------�----------|
RRfemale =0.6 (0.2-2.3) 

       |---------------�-----------------|

Pancreas 
Knekt et al 1990 [16] 

Finland 

Burney et al 1989 

[38] 

USA 

RRmale = 1.7 (Ptrend =0.01) 

�

RRfemale = 0.3 (Ptrend = 0.49) 

�

RRmale = 12.5 (1.8-84.0) 

     |------------------------�---------
RRfemale = 1.2 (0.6-2.5) 

   |-------�--------|

       0.12   0.25    0.5      1.0     2.0      4.0      8.0    16.0 

Relative Risk
† 

† Represents the relative cancer risk for individuals with low selenium status compared 
  to cancer risk in individuals with high selenium status.For each sex, cancer risk in 
individuals with high selenium status equals 1.0.

Fig. 4. Relative risk of stomach and pancreas cancer associated with low selenium status in men and women from prospective cohort studies.

Urinary tract 
Knekt et al 1990 

[16] 

Finland 

RRmale = 1.2 (Ptrend =0.52) 

RRfemale = 0.2 (Ptrend = 0.06)

Non-melanoma 
skin 

Knekt et al 1990 

[16] 

Finland 

RRmale = 1.9 (Ptrend =0.43) 

RRfemale = 0.7 (Ptrend =0.74) 

       0.12   0.25     0.5     1.0     2.0      4.0      8.0    16.0 

Relative Risk
† 

† 
Represents the relative cancer risk for individuals with low selenium status compared 

to cancer risk in individuals with high selenium status. For each sex, cancer risk in 

individuals with high selenium status equals 1.0. 

Fig. 5. Relative risk of urinary tract and non-melanoma skin cancer associated with low selenium status in men and women from prospective
cohort studies.
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4.2. Colorectal cancer

The association between colorectal cancer risk and
selenium status was not profoundly different in men
and women in two evaluable studies [16,37] (Fig. 3).
Rectal cancer risk was lowest in Dutch women with
low selenium status, but this did not reach statistical
significance [36].

Finland 
Knekt et al 1990 [16]

†† 

All sites, colorectal, stomach, 

urinary tract, prostate, breast, skin 

Lung 

Pancreas

<0.33 vs. >0.52

<0.33 vs. >0.39 

<0.33  vs. >0.45 

China  
Mark et al 2000 [42]

††

Esophageal, stomach 

Belgium 
Kornitzer et al 2004 [20] 

All sites 

<0.40  vs. >0.55 

<0.48 vs. >0.57 

Netherlands 
van den Brandt et al 2003 [22] 

Prostate <0.47  vs.   >0.62 

van den Brandt et al 1993 [36,37] 

Lung, stomach, colorectal 

van den Brandt et al 1994 [33] 

Breast  

   M: <0.48  vs.   >0.63

F: <0.50 vs. >0.61

<0.50  vs.  >0.65

Kok et al 1987 [11]
††

All sites M: <0.68 vs. >0.68

F: <0.72 vs. >0.72 

    0.25          0.50          0.75         1.0 

         Toenail Selenium Concentration (ppm) 

Fig. 6. Cutoffs used to define low vs. high selenium groups† within study cohorts from Finland, China, Belgium, Netherlands, and United
States.

4.3. Stomach cancer

Data from two evaluable studies showed that risk
of stomach cancer in men with low selenium status
was significantly increased (RR = 2.5 Netherlands;
RR = 11.1 Finland) [16,37] (Fig. 4). In contrast, low
selenium status in women did not confer an increased
risk of stomach cancer. In fact, the relative risk of
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USA 
Burney et al 1989 [38]

†† 

Pancreas <0.67 vs. >0.67 

Helzlsouer et al 2000 [27] 

Prostate 

Hunter et al 1990 [34] 

Breast

<0.69   vs.   >0.91 

<0.71   vs.    >0.91 

Brooks et al 2001 [28]
††

Prostate

Garland et al 1995 [21] 

All sites (women only) 

Yoshizawa et al 1998 [23] 

Prostate 

Dorgan et al 1987 [29]
††

Breast 

Nomura et al 2000 [26]
††

Prostate 

<0.72  vs.  >0.89 

<0.72   vs.   >0.94 

<0.73   vs.   >0.94 

                <0.75 vs. >0.89 

<0.90 vs.  >0.99 

    0.25          0.50          0.75         1.0 

         Toenail Selenium Concentration (ppm) 

†
Arrows represent the selenium concentration cutoffs for the low and high selenium groups 

that were used to estimate the relative risk of cancer associated with low selenium status. 

Relative risks are shown in Figures 1-5. 

†† 
For the purpose of comparing studies in which selenium status was measured by either 

serum or toenail selenium levels, the serum selenium concentration reported in these six 

studies are expressed as toenail selenium equivalents here. The toenail and plasma selenium

concentration in 12 healthy human volunteers were simultaneously measured to generate a 

ratio (6.7  0.7) that could be used to convert plasma selenium concentration to predicted 

toenail values [J.S. Morris, unpublished data]. In this figure, toenail selenium equivalents 

(ppm) = serum selenium concentration ( g/L) x 0.0067.

Fig. 6. (Continued)

stomach cancer was lower in Dutch women with low
selenium compared to those with high selenium status
[37].

4.4. Pancreatic cancer

Data from both Finland [16] and the United States
[38] showed statistically significant sex-based differ-

ences in the association between selenium status and
risk of pancreatic cancer (Fig. 4).

4.5. Urinary tract cancer

The relationship between selenium and risk of uri-
nary tract cancer in Finnish men and women supported
the hypothesis that there are sex-based differences in
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Table 2
Factors used in prospective studies for matching cases with controls and for multivariate analysis of the association between cancer risk
and selenium status

Cohort Factors Other

Sex Age Smoking
status

Sample
collection

Belgium
Kornitzer et al. [20] � � Body mass index; intake of alcohol, total energy,

total fat, saturated fat, dietary fiber, retinol, and
Vitamin C

China
Mark et al. [42] � �

Finland
Salonen et al. [12] � � �
Knekt et al. [16] � � � Residence

Japan
Ujiie and Kikuchi [18] � � Residence

Netherlands
Kok et al. [11] � � �
van Noord et al. [30] � � � Residence, premenopausal status
van den Brandt et al. [22,33,36,37] � � � � Education level; intake of alcohol and energy [33],

beta-carotene and Vitamin C [37]

Norway
Ringstad et al. [17] � � � � Residence

USA
Willett et al. [13] � � � � Initial blood pressure, antihypertensive medication,

randomization, parity and menopausal status
(women)

Burney et al. [38] � � Race
Hunter et al. [34] � � � Intake of alcohol
Garland et al. [21] � � � Toenail weight, laboratory batch
Comstock et al. [35] � � � �
Yoshizawa et al. [23] � � � � Body mass index, residence; intake of lycopene,

saturated fat and calcium
Dorgan et al. [29] � � � � Body mass index, time of diagnosis, total serum

cholesterol
Nomura et al. [26] � � � � Subgroups
Helzlsouer et al. [27] � � � Race
Brooks et al. [28] � � � � Body mass index, intake of alcohol
Goodman et al. [25] � � � � Year of randomization, intervention arm, exposure

population

the anticarcinogenic effects of selenium [16] (Fig. 5).
Males with low serum selenium had a non-significant
increasedrelative risk of 1.2 compared to males with
high selenium status. However, females with low
serum selenium had an 80% decreasedurinary tract
cancer risk (P = 0.06) compared to females with high
selenium status.

4.6. Non-melanoma skin cancer

Men in the Finnish cohort [16] who had the low-
est serum selenium had a non-significant two-fold in-
creasedskin cancer risk. In contrast, females with low
serum selenium had a non-significant 40% decreased
risk of skin cancer (Fig. 5).
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5. Results of the Nutritional Cancer Prevention
Trial

In 1983, Clark et al. [9] launched the Nutritional
Cancer Prevention Trial (NCPT) to determine whether
daily selenium supplementation with selenium would
significantly decrease the incidence of cancer in pa-
tients with non-melanoma skin cancer. In the NCPT,
1312 participants (980 men, 332 women) were ran-
domized to treatment groups that received placebo or
200 �g selenium daily in the form of high selenium
yeast.2 When data from the entire blinded treatment
period were analyzed [39], men receiving selenium
supplementation had a 33% reduction in overall cancer
incidence [hazard ratio (95% CI) = 0.67 (0.50–0.89;
P = 0.005]. In contrast, women who received sup-
plementation had a non-significant increasein total
cancer incidence [hazard ratio = 1.20 (0.66–2.20; P
= 0.55]. The apparent cancer protective effect of sele-
nium supplementation was limited to males, even after
adjusting for age and smoking status. Selenium sup-
plementation was associated with a 26% reduction in
risk of lung cancer and a 54% reduction in risk of col-
orectal cancer, but these results were not statistically
significant after a mean of 7.4 years follow-up. How-
ever, the significant reduction in prostate cancer that
was originally reported remained highly significant
(52% reduction; P = 0.005) [40]. Low baseline sele-
nium status prior to supplementation was an impor-
tant predictor of the prostate cancer protective effects
of dietary selenium supplementation [39,40]. It is in-
teresting to note that selenium supplementation was
associated with a non-significant increasein the inci-
dence of five cancer types: melanoma, bladder, breast,
head and neck, and lymphoma/leukemia [39].

Taken together, the results of this interventional trial
support the hypothesis that overall cancer incidence in
men may be more responsive to changes in selenium
status than in women. However, a balanced interpre-
tation of the NCPT results must consider that neither
overall cancer mortality nor site-specific cancer inci-
dence (with the exception of non-melanoma skin can-
cer) were primary endpoints of the study. Moreover,
this trial was not adequately powered to detect a can-

2 High selenium yeast contains a cocktail of different organic
selenium compounds; selenomethionine is the most abundant form
of selenium in this supplement.

cer protective effect in women because 75% of the
participants were men.

6. Results of the General Population Trial
(Linxian, China)

From 1986 to 1991, the General Population Trial
was conducted in Linxian, China to determine if nu-
tritional supplementation could significantly reduce
cancer incidence, cancer mortality, or overall mor-
tality [41]. Twenty-nine thousand five hundred and
eighty-four adults were randomized to receive placebo
or one of seven different combinations of nutrient sup-
plements. Compared with the placebo group, a signifi-
cant 13% reduction in overall cancer mortality was ob-
served in the group receiving Factor D, a supplement
containing selenium (50 �g) in the form of selenized
yeast, �-carotene (15 mg), and �-tocopherol (30 mg).
However, no information was provided on whether
men and women receiving this selenium-containing
supplement experienced equivalent cancer protective
effects.

Recently, Mark et al. [42] analyzed the relationship
between pre-trial (baseline) serum selenium concen-
tration and subsequent risk of developing esophageal
and gastric cancer in the participants of the Gen-
eral Population Trial. Low baseline selenium status
was associated with a significant increase in risk of
esophageal cancer [RR = 1.8 (1.4–2.3)] and cancer
of the gastric cardia [RR = 2.1 (1.5–3.0)], but not
cancers affecting the non-cardiac region of the stom-
ach [RR = 0.9 (0.5–1.8)]. Relative risk estimates for
cancers at these three sites were nearly identical in
men and women. Interestingly, among individuals
with low baseline selenium status, the high risk of
esophageal and gastric cardia cancers was not sig-
nificantly influenced by selenium treatment, i.e. the
development of incident cancers was similar in the se-
lenium supplemented and non-supplemented groups.
Apparently, the high risk of cancer associated with
low selenium status could not be reduced by daily
supplementation with 50 �g of selenium.3

3 This level of supplementation resulted in a more than two-fold
increase in total daily selenium intake because the estimated sele-
nium intake in residents of Linxian was 36–42 �g selenium/day
[43].
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The results of the General Population Trial do not
support the hypothesis that there are differences be-
tween men and women in the association between low
selenium status and subsequent cancer risk. However,
the epidemic rate of esophageal and gastric cancer
(these sites accounted for 87% of all cancer deaths)
and consistently low concentration of several micronu-
trients in the inhabitants of Linxian make it difficult
to generalize these findings to Western populations
[44].

7. Other studies

To determine whether the overarching hypothesis—
that low selenium status has a stronger association
with cancer risk in men than in women—was re-
futed by other prospective studies, we also reviewed
studies that were restricted to males or females as
well as those that included both men and women
in which analysis of sex-specific cancer risk was
not reported. These included 24 reports relating
pre-diagnostic selenium concentration in blood or toe-
nails to subsequent cancer incidence at the following
anatomic sites: stomach, colon, rectum, or gastroin-
testinal; lung or respiratory; lymphoma, leukemia,
or hematologic; urinary bladder and other urogen-
ital; skin (squamous cell or basal cell carcinoma,
melanoma); oropharyngeal; hepatocellular carcinoma;
cervical and ovarian; all sites [19,45–66]. Nine of
these studies had exclusively or predominately males
[45–53] and three studies had exclusively females
[54–56]. In the remaining studies, sex-based anal-
ysis was not reported [57–64] or was incomplete
[19,65–67].

Although the results of these studies varied, none
persuasively argued against the hypothesis. However,
conclusions based upon a survey of the literature may
overestimate real differences in the relationship be-
tween selenium and cancer risk in men and women.
There may have been no significant differences in
the association between selenium status and cancer
risk in men and women in studies in which results
of sex-based analysis were not reported. We also
recognize that there is inherent bias which favors
publication of significant rather than non-significant
results.

8. Potential underlying explanations for
the apparent sex-based differences in the
anticarcinogenic effects of selenium

8.1. Sex-specific cancers affecting men and women
may differ in their response to selenium

Differences in the association between selenium sta-
tus and total cancer incidence in men and women
may reflect that certain sex-specific cancers of men
(e.g. prostate cancer) are selenium responsive, whereas
those affecting women (e.g. breast cancer) are insensi-
tive to changes in selenium status. However, Garland
et al. [21] showed a null association between selenium
status and the incidence of 503 non-breast cancers in
women of the Nurses Health Study. This suggests that
breast cancer cannot solely account for the weak asso-
ciation observed between selenium status and overall
cancer incidence in women.

8.2. Sex-based differences in tumor biology

Growing evidence suggests there are sex-based dif-
ferences in the biology of particular types of cancer
that affect both men and women [68]. For example,
the frequency of G to T transversions in the p53 tumor
suppressor gene are higher in the lung cancers of fe-
male smokers than in male smokers [69]. After adjust-
ing for smoking exposure, non-tumorous lung tissue
of women had higher levels of DNA adducts than lung
tissue from men [70]. It has been speculated that some
of the sex-based differences in tumor biology might re-
flect a diminished DNA repair capacity in women [71].
It is plausible that sex-based differences in selenium’s
effects on cancer incidence are the consequence of
differences in certain tumor cell or host factors that
favor cancer progression in men and women. A more
complete understanding of the molecular and cellular
biological differences between the cancers of men and
women could help to elucidate the specific mecha-
nisms by which selenium exerts its anticancer effects.

8.3. Sex-based differences in the dose–response
relationship between selenium and cancer prevention

The dose–response for the anticarcinogenic effect
of selenium may be significantly modified by sex or
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gender-related factors. If this hypothesis is correct, the
level of selenium that minimizes cancer risk would be
different in men and women. Indeed, in some studies
[16,37], women with the lowest selenium levels had
the lowestrisk for colorectal, stomach, urinary tract,
and non-melanoma skin cancers. Analysis of data
collected from four Canadian provinces suggested
that men and women have non-linear dose–response
relationships that are not superimposable [72]. In the
Canadian study, the slope of the regression between
estimated age-adjusted cancer death rates (all sites)
and toenail selenium concentration was steeper for
males, indicating that estimated cancer mortality in
men was more strongly influenced by incremental
changes in selenium status [72]. Sizeable interna-
tional differences in selenium status (i.e. toenail
selenium levels in the low selenium status group
within cohorts from Finland, Netherlands, and United
States were <0.33, <0.50, and <0.91 ppm, respec-
tively; Fig. 6) provide an opportunity to determine
whether selenium’s influence on cancer incidence
is strengthened or abrogated within populations that
have relatively low selenium intake.

8.4. Sex-based differences in metabolism or tissue
distribution of selenium

From animal studies, it is apparent that there are
sex-based differences in the metabolism and tissue
concentrations of selenium [73]. The vulnerability of
dogs and rodents to the toxicity of selenium com-
pounds is influenced by sex; males were more sensi-
tive than females to the toxic effects of intragastric or
oral doses of l-selenomethionine [74]. Interestingly,
in some rat studies, sex-based differences in toxicity
were observed despite equivalent plasma concentra-
tions in males and females [74].

Population-based studies reveal differences in the
toenail selenium concentration of men and women,
suggesting that the biodistribution of dietary sele-
nium in humans is influenced by sex-based factors.
Mean toenail selenium level in men was lower than
in women in the Netherlands [75], Canada [72], and
United States [76]. It is unclear whether high concen-
trations of selenium harbored within “priority tissues”
of the male reproductive tract contribute to the lower
toenail selenium concentrations seen in men. It is
unlikely that the sex-based differences in selenium

status can be explained by higher dietary selenium
intake in women. Whole body residence time of sele-
nium has been estimated by Patterson et al. [77] to be
greater in men than in women. Also, urinary excretion
of selenium per kilogram of body weight in females
may be higher than in males [78]. However, in con-
tradiction to the aforementioned studies, analysis of
7102 male and 7517 female participants in NHANES
III showed that mean serum selenium concentration
was slightly higher in men (men = 124 �g/L versus
women = 122 �g/L; P < 0.0001) [79].

Although unproven, men and women may differ
in the rate of formation or tissue distribution of cer-
tain anticarcinogenic metabolites [6] of selenium. This
raises an important methodologic issue because mea-
surement of total selenium concentration within nails
or blood may be an insensitive means of detecting
individual differences in the concentration of cancer
fighting selenium metabolites.

8.5. Sex-based differences in the interaction between
selenium and other factors

There may be differences between men and women
in the extent to which selenium status is influenced
by confounding variables, such as health-related be-
haviors or dietary intake of other nutrients. For ex-
ample, alcohol consumption was positively associated
with serum selenium in women, but not in the men
of NHANES III [79]. Also, the inverse association
between toenail selenium concentration and smoking
was reported to be stronger in men than in women [75].

9. Knowledge gaps and summary

In a recent review of the epidemiology of selenium
and human cancer, Vinceti et al. [7] stated that “ the
relationship between the trace element selenium and
the etiology of human cancer in humans remains elu-
sive and intriguing” . In order to understand the role
that selenium plays in cancer protection, the biological
factors and methodological issues contributing to the
inconsistency of the epidemiological evidence linking
low selenium status and increased cancer risk must
be identified. In this survey, we evaluated the strength
of evidence supporting the hypothesis that there are
sex-based differences in the anticarcinogenic effects of
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selenium. We conclude that, in general, the data sup-
port the hypothesis that cancer risk in men is more pro-
foundly influenced by selenium status than in women.
However, our analysis revealed relatively few infor-
mative prospective studies that directly compared the
association between selenium and cancer risk in men
and women. This was particularly true for men and
women living in the United States. The most consis-
tent sex-based difference within Western populations
was the association between low selenium status and
cancer incidence at all sites, and in particular, the can-
cers of the stomach and pancreas. Data supporting a
difference in men and women was weakest for col-
orectal cancer. The influence of sex on the anticancer
effects of selenium has not been extensively evaluated
in animal tumor models. Relevant hypotheses could
be formally tested using the most appropriate animal
models and selenium doses relevant to human popu-
lations [80].

In several published studies [57–64], the results
from sex-specific analysis of cancer incidence were
not reported. Future studies should report the results
of these analyses, even if no differences between men
and women are found. All analyses should appropri-
ately consider potential confounding variables, such
as age and smoking status. Clearly, a more complete
understanding of the extent to which sex modifies the
influence of nutritional status (and other factors) on
cancer risk is needed to establish sound health recom-
mendations.

Finally, the anticarcinogenic dose–response of most
cancer-fighting nutrients is unknown. It is doubtful
that observational data from cohort studies can reli-
ably predict the cancer risk reduction achievable with
high doses of nutrient supplements, because the ex-
pected nutrient levels in supplement users are likely to
exceed the range seen in the general population [25].
As scientists and clinicians seek to identify the dietary
intake of selenium that minimizes cancer risk, it will
be important to determine whether the dose–response
relationship between selenium and anticarcinogene-
sis is non-linear [81,82]. A non-linear dose–response
predicts that not all persons will benefit from increas-
ing their selenium intake through daily supplementa-
tion. The possibility that the anticarcinogenic effects
of selenium may differ significantly between men and
women contributes further to the complexity of this
already challenging area of inquiry.
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