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ABSTRACT

Selenium has been suggested tu be anticarcinogenic and to play a role
in the cellular defense against oxidative stress. The association between
toenail selenium (a marker of long-term selenium status) and lung cancer

was investigated in a cohort study of diet and cancer that started in 1986
among 120,852 Dutch men and women aged 55â€”69years. After 3.3 years
of follow-up, 550 incident cases of lung carcinoma were detected. Toenail

selenium data were available for 370 lung cancer cases and 2459 members
of a randomly selected subcohort. The rate ratio of lung cancer for sub
jects in the highest compared to the lowest quintile of toenail selenium,
after controlling for age, gender, smoking, and education, was 0.50 (95%
confidence interval, 0.30-0.81), with a significant inverse trend across
quintiles i /' = 0.006). The protective effect of selenium was concentrated in

subjects with a relatively low dietary intake of ÃŸ-carotene or vitamin C.

The rate ratio in the highest compared to the lowest quintile of selenium
was 0.45 in the low ÃŸ-carotenegroup (95% confidence interval, 0.22-0.92;

trend P = 0.028) and 0.36 in the low vitamin C group (95% confidence
interval, 0.17-0.75; trend P < 0.001). The results of this study support an

inverse association between selenium status and lung cancer and suggest
a modification of the effect of selenium by the antioxidants ÃŸ-caroteneand

vitamin C.

INTRODUCTION

It has been suggested that selenium has anticarcinogenic potential
through its role as a component of glutathione peroxidase, an enzyme
that is part of the cellular defense system against oxidative damage
(1); other mechanisms have also been proposed (2). Animal studies
have indicated that selenium compounds may have an inhibitory effect
on carcinogenesis in various experimental models, although not all of
these studies show a reduced tumor incidence (3). In humans, eco
logical studies have shown an inverse association between cancer
mortality rates and selenium concentrations in forage crops and serum
(3, 4). Among other tumors, this inverse relationship was found for
lung cancer. Since smoking induces oxidative stress (5, 6), studying a
smoking-related cancer such as lung cancer provides an opportunity to

investigate the postulated anticarcinogenic effect of selenium.
Analytic epidemiological studies of selenium and cancer frequently

use biological markers of selenium status such as serum or toenail
selenium levels, because estimation of dietary selenium intake is
considered unreliable (7). Although a number of case-control studies

have shown lower serum selenium levels in cases than control subjects
(3), these findings are difficult to interpret because serum levels might
be reduced because of a lower intake or sequestration of selenium by
tumor cells (8, 9). Prospective studies, in which this problem can be
avoided, have yielded varying results regarding serum selenium levels
and cancer risk (9). Because of their limited size, the primary focus of
these studies was on the analysis of all tumor sites combined; site-

specific results were not always reported. A potential advantage of
using selenium levels in toenails over serum to reflect intake is that the
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intraindividual variation in toenail levels may be less than for serum.
There is evidence that toenail selenium levels represent the selenium
status over several months (10, 11) and that the levels reflect differ
ences in selenium intake (12, 13). Although toenail clippings have
been used recently as a long-term biomarker of selenium status in

various prospective studies (14, 15), none of these studies dealt spe
cifically with lung cancer. The purpose of our study was to investigate
the relationship between prediagnostic toenail selenium levels and
lung cancer risk in a large-scale prospective cohort study in the

Netherlands. Apart from the overall association, we evaluated asso
ciations for specific types of lung carcinoma, considering the evidence
that etiological factors may differ between types (16, 17). In view of
the suggested possible gender-specific effect of selenium (18), analy

ses were also conducted for men and women separately. The potential
effect modification by the antioxidant vitamins ÃŸ-caroteneand vita

min C, as well as retinol was also investigated.

MATERIALS AND METHODS

The cohort characteristics and the method of cancer follow-up have been

described (19, 20). Briefly, the cohort study started in 1986 when 58,279 Dutch
men and 62,573 women aged 55-69 years were enrolled in the cohort. At
baseline, cohort members completed a self-administered semiquantitative
food-frequency questionnaire concerning usual dietary intake and potential

confounders and also provided toenail clippings from all toes. Following the
case-cohort approach for analysis of the data, a subcohort of 3500 subjects

(1688 men, 1812 women) was randomly sampled from the cohort after the
baseline exposure measurement. The subcohort has been followed up bienni
ally for vital status information in order to estimate the accumulated person-

time in the cohort. Incident cancer cases occurring in the cohort have been
identified by record linkage to cancer registries and a pathology register. The
analysis in this report is restricted to the cancer incidence in the recently
completed 3.3-year follow-up period from September 1986 to December 1989.
The completeness of cancer follow-up was estimated to be 95% (21). In these
3.3 years of follow-up, a total of 617 lung cancer cases were detected (542

men, 75 women). After the exclusion of cases who reported a history of cancer
other than skin cancer in the baseline questionnaire (n = 53), those with in situ
carcinoma (n = 1), and those without a microscopically confirmed diagnosis
(n = 11), 552 incident cases remained available for analysis. Because we were

interested in the association of toenail selenium with the various types of lung
carcinoma, cases with a sarcoma (n = 1) or unspecified morphology (n = 1)

were also excluded, leaving 550 cases of lung carcinoma (488 men, 62
women). After we excluded prevalent cancer cases other than skin cancer from
the subcohort of 3500 as well, 3346 subjects (1630 men, 1716 women) re
mained in this group. Toenail clippings had been provided by 384 lung cancer
cases and 2569 subcohort members. Problems with the detection of toenail
selenium (interference by other elements such as calcium) occurred in one and
16 of these 384 and 2569 specimens, respectively. In addition, 13 and 94
specimens were excluded from the case and subcohort groups, respectively,
because the specimens weighed <10 mg, which would yield unreliable sele
nium measurements. Thus, toenail selenium data for 370 lung cancer cases
(335 men, 35 women) and 2459 subcohort members (1211 men, 1248 women)
were available for analysis.

Determination of Toenail Selenium Levels. The toenail selenium analyses
were carried out by the Interfaculty Reactor Institute at Delft University, the
Netherlands. Each analytical batch contained toenail specimens of cases and
subcohort members, and specimens were analyzed in a manner "blinded" with

respect to case/subcohort status. Toenails were first cleaned by scratching off
any debris with a quartz knife. After the nails were cleaned ultrasonically with

4860

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/20/4860/2452226/cr0530204860.pdf by guest on 19 M

ay 2023



SELHNIUM AND LUNG CANCLR

acetone for 15 min. distilled water for 10 min and acetone for 15 min, respec
tively, the specimens were freeze-dried for 15 h to eliminate any humidity

variations between runs. The selenium content of the toenails was measured by
instrumental neutron activation analysis of the metastable selenium-77 isotope.
The specimens were irradiated for 17 s in a thermal flux of 1.2 X IO13
neutrons/s/ctrr. After a decay time of 20 s, -y-radiation of 77mSe was measured

for 60 s. The accuracy of the method was checked by analysis of a certified
bovine liver standard (Standard Reference Material 1577a of the U. S. National
Institute of Standards and Technology). For 26 determinations (measured over
15 days), a mean value Â±SD of 0.70 Â±0.04 /ig/g selenium was observed
against a certified value of 0.71 Â±0.04 /J.g/g. The precision of the method was
evaluated by duplicate selenium measurements of specimens from 27 ran
domly selected subjects on 2 days; the coefficient of variation was 6.6%.

Data Analysis. The distribution of various potential confounders known to
be associated with lung cancer (gender, age, smoking habits and highest
attained level of education) in the case and subcohort groups were compared
as well as the mean toenail selenium levels. After the cases were categorized
according to histolÃ³gica! type of lung carcinoma (squamous cell carcinoma,
small cell carcinoma, adenocarcinoma, large cell, and other types of carci
noma) or according to the year of follow-up in which the diagnosis was made,

the mean toenail selenium concentrations of the case groups were also com
pared with each other.

Next, case-cohort analyses (22) were conducted, based on the assumption
that survival times were exponentially distributed in this follow-up period. For

these analyses, toenail selenium levels were categorized into quartiles or quin
tiles (depending on the available number of cases) according to the distribution
in the subcohort. In the gender-age-stratified analyses, we computed Mantel-

Haenszel rate ratios of lung cancer for each of the quantiles, 95% confidence
intervals, and tests for trend in the rate ratios (which were corrected for the
additional variance introduced by the subcohort sampling). In the multivariate
case-cohort analyses, rate ratios (with corrected 95% confidence intervals) of

lung cancer were computed after adjustment for the effects of gender, age
(entered as continuous variable), smoking (expressed as pack-years for past
smokers and pack-years for current smokers: both continuous variables) and

highest level of education. Tests for trend were computed based on likelihood
ratio tests with scores of 1-5 assigned to increasing quintiles of toenail sele

nium, as in the stratified analysis. Apart from analyses for the total group,
analyses were also conducted for men and women separately and for each
histological type of lung carcinoma. The interaction between toenail selenium
and smoking was tested using likelihood ratio tests. To evaluate the potential
influence of preclinical disease on toenail selenium levels, analyses were also
conducted after excluding cases occurring in the first year of follow-up. Fi

nally, we analyzed the relationship between toenail selenium and lung cancer
with regard to Ihe dietary intake of retinol, ÃŸ-earotene,and vitamin C (in the

subset of people with complete dietary data), to study the potential effect
modification by these vitamins. Two-sided P values are used throughout this

report.

RESULTS

Table 1 provides information concerning the distribution of gender,
age, smoking habits, and highest attained level of education among
lung cancer cases and subcohort members for whom the toenail se
lenium levels were known. As expected, large differences in the
relative frequencies of gender, age, and smoking habits were observed
between the case and subcohort groups, while smaller differences
were found with respect to highest attained level of education. For
both men and women, the average toenail selenium concentration was
lower among lung cancer cases than among the subcohort members.
For each category of smoking, cases had lower mean toenail selenium
levels than subcohort members.

When toenail selenium levels of cases according to histological
subtype were compared, cases with adenocarcinoma showed the low
est toenail selenium levels, while the highest levels were observed
among cases with squamous cell carcinoma (Table 2). For all four
types of carcinoma, male cases showed somewhat lower values than
female cases, but the number of women was small. When cases were
categorized with respect to the year of follow-up in which they were

Table 1 Distribution of lung cancer cases and subcohort members with complete
toenail selenium data according to various characteristics

Cases Subcohort

Characteristic

TotalGenderMenWomenAge

(yr)
55-5960-6465-69Smoking

habits
NeversmokedEx-cigarette

smokers/cigar/pipe

Current cigarette smokers
Highest level of education

Primary school
Lower vocationaleducationSecondary

school/mediumvocationalUniversity/higher
vocational

Toenail selenium (mean Â±SD; /Â¿g/g)
GenderMenWomenSmoking

habits
NeversmokedEx-cigarette

smokers/cigar/pipe

Current cigarettesmokers"
Because of missing questionnaire data,

respectively.370335351001341366137

224117

102108350.5290.5370.5230.554

0.51590.59.527.036.236.81.737.3

61.032.3

28.229.89.7Â±0.206Â±

0.080Â±

0.126Â±0.116

Â±0.236numbers

may not add245912111248941855663863932

660745

5428333100.5470.5750.5820.569

0.52449.250.838.334.826.935.238.0

26.830.7

22.334.312.8Â±

0.126Â±
0.109Â±0.111Â±0.127

Â±0.106up

lo 370 and 2459,

Table 2 Toenail selenium levels (pg/g) in male ami female lung cancer cases
according to histolÃ³gica! subtype and year of follow-up

GroupHistological

subtypeSquamous
cellcarcinomaSmall

cellcarcinomaAdenocarcinomaLarge

cell, othercarcinomaYear
offollow-up1234n1615665539310411325MenMean

Â±SD0.541

Â±0.2780.520
Â±0.0990.5

18Â±0.1(100.517
Â±0.1130.540

Â±0.3480.530
Â±0.1230.516

Â±0.0920.548
Â±0.146n98108713114WomenMean

Â±SD0.547

Â±0.1010.531
Â±0.0790.527
Â±0.0630.544
Â±0.0890.572

Â±0.0450.530
Â±0.0890.551
Â±0.0790.458
Â±0.066

diagnosed, there was no trend toward lower toenail selenium levels in
cases occurring early in both men and women, indicating no effect of
preclinical disease on toenail selenium levels (Table 2).

The results of the stratified analysis of toenail selenium and lung
cancer risk are shown in Table 3. Toenail selenium was inversely
associated with the risk of lung cancer in this analysis (test for trend,
P < 0.001). The rate ratio of lung cancer in the highest quintile of
toenail selenium compared to the lowest quintile was 0.40 (95% CI,3

0.27-0.59).

In the multivariate analyses we additionally adjusted for smoking
and level of education; the additional information concerning pack-

years of smoking and level of education was available for 317 lung
cancer cases and 2311 subcohort members. The results, shown in
Table 4, indicate an inverse association between toenail selenium and
lung cancer risk among the total group of subjects (trend P = 0.006),

with a rate ratio of lung cancer for those in the highest quintile
compared to the lowest quintile of toenail selenium of 0.50 (95% CI,
0.30-0.81). After the cases occurring in the first year of follow-up

were excluded, the inverse association between toenail selenium and
lung cancer persisted (trend P = 0.036), with a rate ratio of 0.52 (95%
Cl, 0.30-0.91) for those in the highest versus the lowest quintile.
Because of the high proportion of male lung cancer cases, the asso-

1The abbreviation used is: CI. confidence interval.
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Table 3 Mantel-Haenszel rate ratio of lung cancer according to loenail selenium
level in gender-age-stratified analysis

Toenail selenium level
(quintile boundaries in(ig/g)1

(Â£0.483)2
(Â£0.530)3
(Â£0.573)4
(==0.630)5
(>0.630)Test

for trend: x2 (P value)No.

of
cases13475695339Person-yearsin subcohort15931596159015551608Raleratio1.00"0.640.660.560.4023.15995%CI0.47,

0.890.47,
0.920.39,
0.800.27,
0.59(<

0.001)

" Reference category.

dation with toenail selenium among men strongly resembles that in
the total group. Nevertheless, among women an inverse relationship
also was observed, with a rate ratio of lung cancer of 0.40 (95% CI,
0.13-1.24; trend P = 0.101) for those in the highest quartile compared

to the lowest quartile (table 4). This table also shows the results
according to smoking habits. Although such a categorization inevita
bly leads to relatively small numbers of cases per group with dimin
ished statistical power, there is still suggestive evidence of an inverse
association in each group of never, past, and current smokers.

As can be seen in Table 5, the inverse association with toenail
selenium is not restricted to a particular histolÃ³gica! subtype of lung
cancer. Because of the relatively small numbers, rate ratios of lung
cancer are presented here by quartile of toenail selenium. The rate
ratios (95% CI in parentheses) for those in the highest toenail sele
nium quartile compared to the lowest quartile were 0.55 (0.30-1.04)
for squamous cell carcinoma, 0.19 (0.04-0.87) for small cell carci
noma, 0.59 (0.25-1.40) for adenocarcinoma, and 0.70 (0.31-1.58) for

large cell carcinoma and other types of lung carcinoma.
In additional models we also adjusted for the intake of retinol,

ÃŸ-carotene,and vitamin C in the subset of 293 cases and 2204 sub-

cohort members who had both complete dietary and toenail data. This
adjustment resulted in similar effect estimates (Table 6, first line) as
the model without adjustment for dietary variables. We also examined
the association between toenail selenium and lung cancer by category
of intake of these vitamins. Table 6 shows the rate ratios, 95% con
fidence intervals, and tests for trend for quintiles of toenail selenium
in those who are in the lowest two quintiles and those who are in the

highest two quintiles of intake of these three vitamins, respectively.
The association between toenail selenium and lung cancer risk did not
differ appreciably between those with a low or high retinol intake. In
contrast, for ÃŸ-caroteneand particularly for vitamin C, the protective

effect of selenium seems to be concentrated in those with a relatively
low intake of these vitamins (trend P = 0.028 and <0.001 for the low
ÃŸ-caroteneand vitamin C groups, respectively). The rate ratios (95%

CI in parentheses) of lung cancer for those in the highest quintiles of
toenail selenium were 0.45 (0.22-0.92) and 0.36 (0.17-0.75) in the
subjects with a low intake of ÃŸ-caroteneand vitamin C, respectively.

Tests for interaction indicated that the differences in estimates per
selenium quintile between the low and high vitamin intake groups
were not significant for ÃŸ-carotene(likelihood ratio test, P = 0.662)
or vitamin C (P = 0.439), but the compared groups are rather small.

DISCUSSION

In this prospective cohort study, a statistically significant inverse
trend was found between the toenail selenium level and the risk of
lung cancer. A number of prospective studies of selenium in serum and
lung cancer risk have been published, all using the nested case-control
approach (23-33). In all but one (25) study, adjustment was made for

smoking. In the first prospective study that showed a significant
inverse association of selenium with total cancer, Willett et al. (23)
found nonsignificantly lower serum selenium levels among lung can
cer cases compared to controls. However, the difference between
cases and controls was, in fact, greater for lung cancer than for all
cancers combined. Because there were only 18 lung cancer cases
involved, the association did not reach statistical significance. Salonen
et al. (27) did observe a significant inverse association between serum
selenium and respiratory cancer risk (15 cases) in a Finnish cohort,
whereas a nonsignificant inverse association with respiratory cancer
(23 cases) was found in another Finnish cohort (28). Nonsignificantly
lower serum selenium levels among lung cancer cases compared to
controls have also been reported in four other studies (25, 29-31), but
these nested case-control studies only included a small number of lung
cancer cases. The largest nested case-control study of serum selenium

and lung cancer to date was reported by Knekt et al. (24). This Finnish

Table 4 Rate ratio of lung cancer according to toenail selenium level in multivariate analysis

Ouantile of toenail selenium level (boundaries injxg/g)GroupAll

cases*(95%

Cl)Excluding
cases from first yr offollow-up'*(95%

CI)GenderMen"(95%

CI)Women*"-'(95%

CI)Smoking
habitsNever
smoked''-1'(95%

CI)Ex-cigaretle/cigar/pipe^(95%

CI)Current
cigarettesmokers'1'<20

cigarettes/day(95%
CI)^20
cigarettes/day(95%

CI)No.

of
cases31722828532612292971Â°(Â£0.483)1.001.001.001.001.001.001.001.002(Â£0.530)0.71(0.49.

1.04)0.78(0.51,

1.19)0.69(0.46,

1.02)0.58(0.20,

1.66)0.65(0.13,

3.33)0.76(0.41,

1.44)0.80(0.38,

1.68)0.56(0.28,

1.15)3

(Â£0.573)0.79(0.53,

1.18)0.80(0.50,

1.26)0.81(0.54,

1.21)0.61(0.22,

1.75)0.97(0.52,

1.83)0.870.41,

1.83)0.53(0.23,

1.22)4

(Â£0.630)0.82(0.53,

1.26)0.89(0.55,

1.45)0.83(0.54,

1.29)0.40(0.13,

1.24)1.03(0.54,

1.96)1.40(0.65,

3.00)0.35(0.10,

1.21)5

(>0.630)0.50(0.30,

0.81)0.52(0.30,

0.91)0.50(0.30,

0.82)0.54(0.27,

1.09)0.390.12,

1.28)1.03(0.31,

3.40)TestX27.6974.3806.4152.6881.3620.7953.650for

trend(P

value)(0.006)(0.036)(0.011)(0.101)(0.243)(0.373)(0.056)

" Reference category.
h The mode] included terms for age, gender, pack-years of past smokers, pack-years of current smokers, level of education.
' Because of the small number of cases, use was made of quartiles instead of quintiles; quartile boundaries were: Â£0.497, Â£0.551, Â£0.612, >0.612 /ig/g.
''The model included terms for age. gender, level of education.
' Because of the small number of cases, the population was split at the median (0.551 0ig/g) instead of using quintiles.
^ The model included terms for age, gender, level of education, pack-years of past smokers.
* The model included terms for age. gender, level of education, pack-years of current smokers.
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Table 5 Rate ratio of lung cancer according to quarlile of toenail selenium level in mullivariaie analysis" by histological subtype

Quartile of loenail selenium level (boundaries infig/g)HistologySquamous

cell carcinoma
(95% CI)
Small cell carcinoma
(95% CI)
Adenocarcinoma
(95% CI)
Large cell, other
(95% CI)No.

ofcases143

55

62

571"

(Â£0.497)1.00

1.00

1.00

1.002

(Â£0.551)0.95

(0.60, 1.50)
0.71

(0.32, 1.56)
0.76

(0.38, 1.52)
0.58

(0.28, 1.18)3

(Â£0.612)0.84

(0.50, 1.42)
1.59

(0.76, 3.30)
0.95

(0.47, 1.90)
0.47

(0.20, 1.07)4

(>0.612)0.55

(0.30, 1.04)
0.19

(0.04, 0.87)
0.59

(0.25, 1.40)
0.70

(0.31, 1.58)Testr3.899

0.868

0.987

2.046for

trend(P

value)(0.048)

(0.351)

(0.320)

(0.153)

" The model included terms for age, gender, pack-years of past smokers, pack-years of current smokers, level of education.
'' Reference category.

cohort yielded 198 lung cancer cases and a strong, significant inverse
association between serum selenium and lung cancer risk; the relative
risk for men in the highest compared to the lowest quintile of serum
selenium was estimated at 0.3. In three other studies, nonsignificantly
positive associations between serum selenium and lung cancer were
observed (26, 32, 33). The study by Menkes et al. (32) was the largest,
involving 99 lung cancer cases. In that study, a positive association
was also observed for the various histological subtypes of lung cancer.

Thus, in the majority of the studies an inverse association between
serum selenium and lung cancer was observed, albeit mostly nonsig
nificant. It should be kept in mind that most of these studies were
focused primarily on overall cancer risk and even then the number of
cases was often rather small. The limited number of respiratory cancer
cases in virtually all studies precludes the possibility to draw conclu
sions from the inconsistent findings, but in a number of these studies
the association with selenium was stronger for respiratory cancer than
for all cancers combined (23-25, 27, 29, 31). As has been noted before

(3, 25), a possible explanation for the discrepant findings might be the
difference in the range of selenium levels that has been investigated in
the various countries. In the United States, generally high serum
selenium levels are reported, whereas low values occur in New Zeal
and and Finland. Indeed, most of the studies that show an inverse
association originate in Finland, where selenium intake used to be low
(24). Selenium intake is moderate in the Netherlands, and blood
selenium levels are intermediate between those reported from New
Zealand and the United States, as is true for toenail selenium levels
(34). One of the ways in which selenium might act as a chemopre-

ventive agent is through glutathione peroxidase (2). The activity of
this enzyme plateaus in plasma at an intake level of approximately 50

fig/day, while in erythrocytes and platelets these corresponding intake
levels are 60-80 and 120 /ng/day, respectively. Thus, the saturation

depends on the tissue in which the enzyme activity is assayed (35).
Our (limited) data concerning selenium intake of cohort members
indicate that 33% of them have intakes <50 fig/day, 60% <60 jug/
day, and 90% <80 jig/day. Thus, even if only saturation in plasma
would be considered, a sizable part of the population would still be
below the saturation level. If erythrocytes would be considered, this
proportion would be substantially higher. Unfortunately, no data have
been published regarding the relationship between toenail selenium
levels and glutathione peroxidase activity in blood or (preferably)
target tissues.

The inverse association between toenail selenium and lung cancer
in our study was not restricted to men. This seems in apparent contrast
with an earlier suggestion that the protective effect of selenium might
be specific for men only (18). However, the size of most studies was
not sufficient to allow site-specific analyses by gender. Gender-spe

cific information is usually only reported for breast cancer; most
studies have shown that there is no association between selenium and
this type of cancer (14, 15, 23-26, 34). Because lung cancer often

represents a substantial part of the male cases (in contrast to female
cases) and breast cancer is the most important female cancer site, the
suggested gender-specific effect of selenium might reflect site-spe

cific effects. Indeed, as Coates et al. (25) have suggested, the differ
ences in cancer site distributions between the various studies might
also explain the inconsistent results of the published prospective stud
ies regarding total cancer.

As in other studies (12, 13), smoking was inversely related with
toenail selenium levels in our population (36) and might therefore be

Table 6 Rate ratio of lung cancer according to toenail selenium level by category of intake of retinol, ÃŸ-carotene, and vitamin C

Quintile of toenail selenium level (boundaries inu.g/g)GroupAll''(95%

CI)Retinol
intake'Low(95%

CI)High(95%

CI)ÃŸ-carotene
intake'Low(95%

CI)High(95%

CI)Vitamin
Cintake'Low(95%

CI)High(95%

CI)No.

of
cases293891481439914398\a(Â£0.483)1.001.001.0(11.001.001.001.002(Â£0.530)0.68(0.46,

1.02)0.86(0.42,

1.79)0.71(0.41,

1.23)0.54(0.31,

0.94)1.06(0.54,

2.06)0.59(0.34,

1.03)0.93(0.47,

1.83)3(Â£0.573)0.75(0.49,

1.15)0.79(0.35,

1.76)0.93(0.51,

1.70)0.64(0.34,

1.18)0.77(0.34,

1.77)0.49(0.27,

0.901.20(0.57,

2.51)4

(Â£0.630)0.78(0.49,

1.24)un(0.44,

2.31)0.89(0.46,

1.70)0.73(0.38,

1.41)1.44(0.67,

3.07)0.51(0.26,

0.99)1.02(0.47,

2.18)5

(>0.630)0.49(0.30,

0.82)0.58(0.24,

1.38)0.63(0.31,

1.28)0.45(0.22,

0.92)0.68(0.28,

1.64)0.36(0.17,

0.75)0.63(0.27,

1.49)Test

fortrendx27.5141.1351.1754.8260.02113.7770.463(P

value)(0.006)(0.287)(0.278)(0.028)(0.885)(<0.(X)1)(0.496)

" Reference category.
h Model adjusted for age, gender, pack-years of past smokers, pack-years of current smokers, level of education, intake of retinol, ÃŸ-carotene, and vitamin C.
' Low and high are defined as the two lowest quintiles and the two highest quintiles of intake, respectively. For retinol, the cutoff values for low and high were: Â£0.43, >0.54 mg/day;

for ÃŸ-carotene,the corresponding values were: Â£1.96, >2.47 mg/day; for vitamin C, the corresponding values were: Â£86.60, >107.74 mg/day.
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an important confounder of the relationship between selenium and
lung cancer. It is unlikely that there is major residual confounding by
smoking in our analyses, however, because the inverse association
persisted after presumably close control of smoking by using pack-

years of smoking, and there was suggestive evidence of an inverse
association between selenium and lung cancer in each smoking cat
egory. Also, we found no clear indication that the selenium effect is
restricted to specific subtypes of lung carcinoma that are associated
more strongly with smoking, such as squamous cell and small cell
carcinoma (16). An alternative explanation for the inverse association
could be a reduced selenium intake by smokers. We did find earlier
that current smokers consume less selenium than never smokers, but
this was not true for past smokers (36). Therefore, this phenomenon
cannot explain the inverse association between toenail selenium and
lung cancer among past smokers. Thus, although some residual con
founding by smoking cannot be excluded, it is also possible that
selenium is indeed being used in the cellular protection against oxi-

dative stress induced by smoking, resulting in a lower selenium status.
Confounding by dietary variables was not observed after evaluating

models that included terms for retinol, ÃŸ-carotene, and vitamin C

intake. (Because the Dutch food table does not contain information
concerning the vitamin E content of foods, we could not evaluate the
influence of this vitamin.) Some evidence, however, was found for
effect modification by the level of vitamin intake. While for ÃŸ-caro

tene and vitamin C the effect of a high toenail selenium level was
concentrated in those with a relatively low intake of these vitamins,
there was no clear effect modification by retinol intake, which is in
line with the absence of antioxidative capacity of retinol (37). Others
have evaluated the interaction with antioxidant vitamins by studying
serum levels of retinol, ÃŸ-carotene,and a-tocopherol; the interactions

were only assessed with regard to overall cancer risk. While the effect
modification by ÃŸ-caroteneis supported by other studies (24, 33), the

observations on interaction with retinol levels are inconsistent (18,
23-25, 28, 33). No other cohort studies of this subject have evaluated

the effect modification by vitamin C. Nevertheless, since this vitamin
can also protect against oxidative damage, the observed interaction
between selenium and vitamin C fits within the antioxidant hypothesis
(38). It would be interesting to determine whether a similar effect
modification by vitamin C exists in the cohort studies that have been
published. Vitamin C is, however, degraded rapidly in frozen serum
(11), which is the probable reason why it has not been investigated in
these cohort studies with nested case-control analyses. Therefore, the

assessment of interaction will necessarily have to involve dietary
vitamin C intake. To our knowledge, no earlier studies have reported
an interaction between vitamin C and selenium regarding lung cancer
risk. Rogers et al. (39), however, found a similar interaction with
respect to the risk of oral cancer in a recent case-control study.

Regarding animal studies, Ip (40) reported an antagonistic interaction
of vitamin C with selenite but not with seleno-mcthionine on mam

mary carcinogenesis. However, as mentioned by Ip, extrapolation of
these results is difficult because the level of vitamin C in the diet used
was far higher than that in a human diet, and a human diet contains
predominantly organic selenium compounds (40).

As in most serum studies regarding overall cancer risk (23-25, 28,

31, 32), although not all (30), we found no influence of preclinical
lung cancer on the toenail selenium levels. This was indicated by the
persistence of the inverse association after excluding cases detected in
the first year of follow-up. Also, no increasing trend in the average

toenail selenium levels was observed when cases were categorized by
year of follow-up. This was to be expected since the toenail selenium
level is assumed to be a long-term marker of selenium status, while the
selenium level in serum is regarded as a short-term marker. It should
be mentioned, however, that the 3.3 years of follow-up is a relatively

short period to assess an effect of preclinical lung cancer on toenail
selenium levels. A longer follow-up period will be needed to address

this issue more definitively.
In conclusion, we observed an inverse association between toenail

selenium and lung cancer risk. The association was not restricted to a
particular gender, smoking category, or histolÃ³gica! subtype of lung
cancer. The possible effect modification by ÃŸ-caroteneand particu

larly vitamin C warrants further study.

ACKNOWLEDGMENTS

We are indebted to the participants of this study and furthermore want to
thank the regional cancer registries (IKA, IKL, IK.MN. IKN. IKO. IKR, IKST.
IKW. IKZ), PALCA, and the National Health Care Information Centre for
providing incidence data; A. Volovics for statistical advice; S. van de Crom-

mert, F. van Paassen, A. Ammerlaan. H. Brants, P. Florax, J. Nelissen, M.
Bethlehem, W. van Dijk. A. van Aken, G. Snijders. and A. Pistcrs for technical
assistance; H. van Montfort, R. Schmeitz, T. van Montfort. and M. de Leeuw
for programming and statistical assistance; and G. Hageman for useful com
ments on this manuscript.

REFERENCES

1. Rotruck. J. T.. Pope. A. L.. Ganlher, H. E.. Swanson, A. B., Hafcman. D. G., and
Hoekstra, W. G. Selenium: biochemical role as a component of glutathionc pcroxi-
dase. Science (Washington DC), ÃŒTÃŒ:588-590, 1973.

2. Medina, D.. and Morrison. D. G. C'urrent ideas on selenium as a chemopreventive

agent. Palhol. Immunopathol. Res., 7: 187-199. 1988.
3. C'omhs. G. F. Selenium. In: T. F.. Moon and M. S. Micozzi. (eds.). Nutrition and

Cancer Prevention; Investigating the Role of Micronutrients. pp 389â€”42(1.New York:
Marcel Dekker, 1989.

4. Clark, L. C.. Cantor, K. P., and Allaway, W. H. Selenium in forage crops and cancer
mortality in U. S. counties. Arch. Environ. Health, 46: 31-42. 1991.

5. Nakayama. T.. Kaneko. M.. Kodama, M.. and Nagata, C. Cigarette smoke induces
DNA single-strand breaks in human cells. Nature (Lond.), 314: 462-ÃŒ64,1985.

h. Church, D. F., and Pryor, W. A. Free-radical chemistry of cigarette smoke and its
toxicological implications. Environ. Health Perspect.. 64: 111-126, 1985.

7. Levander, O. A. Considerations on the assessment of selenium status. Fed. Proc.. 44:
2579-2583, 1985.

8. Broghamer. W. L.. McConnell. K. P.. and Blotcky, A. L. Relationship between serum
selenium levels and patients with carcinoma. Cancer (Phila.). 37: 1384â€”1388,1976.

9. Willett. W. C., and Stampfer. M. J. Selenium and cancer. Br. Med. J., 297: 373-374,
1988.

HI. Morris, J. S., Stampfer. M. J.. and Willett. W. Dietary selenium in humans: loenails
as an indicator. Biol. Trace Elem. Res., 5: 529-537, 1983.

11. Willett. W. Nutritional Epidemiology. New York: Oxford University Press, 1990.
12. Hunter, D. J., Morris, J. S., Chute, C. G., Kushner. E., Colditz, G. A., Stampfer. M.

J., Spci/er, F. E.. and Willett, W. C. Predictors of selenium concentration in human
toenails. Am. J. Epidemici., 132: 114-122, 1990.

13. Swanson. C. A.. Longnecker. M. P.. Veillon, C.. Howe, M.. Levander. O. A., Taylor,
P. R., McAdam. P. A.. Brown. C C.. Stampfer, M. J., and WilleÂ«,W. C. Selenium
intake, age. gender, and smoking in relation to indices of selenium status of adults
residing in a seleniferous area. Am. J. Clin. Nutr., 52; 858-862. 1990.

14. Van Noord, P. A.. Collette, H. J., Maas, M. J.. and de Waard, F. Selenium levels in
nails of premenopausal breast cancer patients assessed prediagnostically in a cohort-
nested case-referent study among women screened in the DOM project. Int. J. Epi-
demiol.. 76 (Suppl.): 318-322. 1987.

15. Hunter. D. J.. Morris, J. S., Stampfer, M. J.. Colditz, G. A.. Speizer, F. E., and Willett.
W. C. A prospective study of selenium status and breast cancer risk. J. Am. Med.
Assoc., 264: 1128-1131, 1990.

16. Lubin. J. H.. and Blot. W. J. Assessment of lung cancer risk factors by histologie
category. J. Nail. Cancer Inst., 73: 383-389, 1984.

17. Stayner. L. T.. and Wegman, D. 11. Smoking, occupation, and histopathology of lung
cancer: a case-control study with the use of the Third National Cancer Survey. J. Nati.
Cancer Inst.. 70: 421-426. 1983.

18. Kok, F. J., de Bruijn. A. M., Hofman. A.. Vermeeren. R.. and Valkenhurg. H. A. Is
serum selenium a risk factor for cancer in men only? Am. J. Epidemiol.. 125: 12-16,
1987.

19. Van den Brandt, P. A., Goldbohm. R. A., van 't Veer, P., Volovics, A., Hermus, R. J.

J.. and Sturmans, F. A large-scale prospective cohort study on diet and cancer in the
Netherlands. J. Clin. Epidcmiol.. 43: 285-295, 1990.

20. Van den Brandt. P. A.. Schouten. L. J.. Goldbohm. R. A.. Dorant. E., and HÃ¼nen,P.
M. H. Development of a record linkage protocol for use in the Dutch cancer registry
for epidemiolÃ³gica! research. Int. J. Epidemiol.. 79: 553-558, 1990.

21. Van den Brandt. P. A.. Van 't Veer, P.. Goldbohm. R. A., Dorant, E., Volovics, A.,

Hermus. R. J. J.. and Sturmans. F. A prospective cohort study on dietary fat and the
risk of postmenopausal breast cancer. Cancer Res.. .5.?; 75â€”82.1993.

22. Self. S. G., and Prentice, R. L. Asymptotic distribution theory and efficiency results
for case-cohort studies. Ann. Slat.. 16: 64-81, 1988.

23. Willen. W. C.. Morris. J. S.. Pressel. S., Taylor. J. O.. Polk, B. F., Stampfer, M. J.,

4864

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/20/4860/2452226/cr0530204860.pdf by guest on 19 M

ay 2023



SELENIUM AND LUNG CANCER

Rosner. B., and Schneider, K. Prediagnostic serum selenium and risk of cancer.
Lancet, 2: 130-134, 1983.

24. Knekt, P., Aromaa, A., Maatela, J., Alfthan, G., Aaran, R. K., Hakama, M., Hakulinen,
T., Peto, R., and Teppo, L. Serum selenium and subsequent risk of cancer among
Finnish men and women. J. Nati. Cancer Inst., 82: 864-868, 1990.

25. Coates, R. J., Weiss, N. S., Daling, J. R., Morris, J. S.. and Labbe, R. F. Serum levels
of selenium and retino! and the subsequent risk of cancer. Am. J. Epidemio!., 128:
515-523, 1988.

26. Peleg, I., Morris, S., and Hames, C. G. Is serum selenium a risk factor for cancer?
Med. Oncol. Tumor Pharmacother., 2: 157-163, 1985.

27. Salonen, J. T.. Salonen, R., Lappetelainen. R., Maenpaa, P. H., Alfthan, G.. and Puska,
P. Risk of cancer in relation to serum concentrations of selenium and vitamins A and
E: matched case-control analysis of prospective data. Br. Med. J., 290: 417^420,

1985.
28. Salonen, J. T., Alfthan, G., Huttunen, J. K., and Puska, P. Association between serum

selenium and the risk of cancer. Am. J. Epidemiol., 120: 342-349. 1984.

29. Kok, F. J., van Duyn, C. M., Hofman, A., Vermeeren, R., de Bruyn. A. M.. and
Valkenburg, H. A. Micronutrients and the risk of lung cancer. N. Engl. J. Med., 3/6:
1416, 1987.

30. Viriamo, J., Valkeila, E., Alfthan, G., Punsar, S., Huttunen, J. K., and Karvonen, M.
J. Serum selenium and risk of cancer. A prospective follow-up of nine years. Cancer
(Phila.), 60: 145-148, 1987.

31. Ringstad, J., Jacobsen, B. K., Tretli, S., and Thomassen, Y. Serum selenium concen
tration associated with risk of cancer. J. Clin. Pathol.. 41: 454-^157, 1988.

32. Menkes, M. S., Comstock, G. W., Vuilleumier, J. P., Helsing, K. J., Rider. A. A., and
Brookmeyer. R. Serum beta-carotene, vitamins A and E, selenium, and the risk of lung
cancer. N. Engl. J. Med., 3/5: 1250-1254, 1986.

33. Nomura, A., Heilbrun, L. K., Morris, J. S., and Stemmermann, G. N. Serum selenium
and the risk of cancer, by specific sites: case-control analysis of prospective data. J.
Nati. Cancer Inst., 79: 103-108, 1987.

34. Van 't Veer, P., van der Wielen, R. P, Kok, F. J., Hermus, R. J., and Sturmans. F.

Selenium in diet, blood, and tocnails in relation to breast cancer: a case-control study.
Am. J. Epidemiol., Â¡31:987-994, 1990.

35. Van 't Veer, P., and Alfthan, G. Biomarkers of selenium: workshop report. In: F. J. Kok
and P. Van 'I Veer (eds.), Biomarkers of Dietary Exposure. Proceedings of the 3rd

Meeting on Nutritional Epidemiology, pp. 106-109. London: Smith-Gordon, 1991.
36. Van den Brandt, P. A.. Goldbohm. R. A., Van '1 Veer, P., Bode. P., Hermus, R. J. J.,

and Sturmans, F. Predictors of toenail selenium levels in men and women. Cancer
Epidemiol. Biomark. Prev., 2: 107-112, 1993.

37. Dorgan, J. F., and Schatzkin, A. Antioxidant micronutrients in cancer prevention.
Hematol. Oncol. Clin. North Am., 5: 43-68, 1991.

38. Bendich, A., Machlin. L. J.. Scandurra, O., Burton, G. W., and Wayer, D. D. M. The
antioxidant role of vitamin C. Adv. Free Radical Biol. Med., 2: 419â€”444,1986.

39. Rogers, M. A., Thomas, D. B., Davis, S., Weiss, N. S., Vaughan, T. L., and Nevissi,
A. E. A case-control study of oral cancer and pre-diagnostic concentrations of sele
nium and zinc in nail tissue. Int. J. Cancer, 48: 182-188, 1991.

40. Ip, C. Interaction of vitamin C and selenium supplementation in modification of
mammary carcinogencsis in rats. J. Nail. Cancer Inst., 77: 299-303, 1986.

4865

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/20/4860/2452226/cr0530204860.pdf by guest on 19 M

ay 2023




