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Background: Secondary analyses of data from a large ran-
domized clinical trial have suggested that intake of the trace
element selenium reduces risk of colorectal neoplasia, but
epidemiologic studies have not shown a consistent protective
association. Methods: We conducted a combined analysis of
data from three randomized trials—the Wheat Bran Fiber
Trial, the Polyp Prevention Trial, and the Polyp Prevention
Study—which tested the effects of various nutritional inter-
ventions for colorectal adenoma prevention among partici-
pants who recently had an adenoma removed during
colonoscopy. Selenium concentrations were measured from
blood specimens from a total of 1763 trial participants, and
quartiles of baseline selenium were established from the
pooled data. To estimate the association between baseline
selenium and colorectal adenoma risk, odds ratios (ORs) and
95% confidence intervals (CIs) were calculated using logistic
regression modeling. All statistical tests were two-sided.
Results: Individual study results among participants whose
blood selenium concentrations were in the highest versus the
lowest quartile varied in magnitude (Polyp Prevention Trial:
OR � 0.67, 95% CI � 0.43 to 1.05; Ptrend � .21; Wheat Bran
Fiber Trial: OR � 0.66, 95% CI � 0.40 to 1.10; Ptrend � .13,
and Polyp Prevention Study: OR � 0.57, 95% CI � 0.34 to
0.95, Ptrend � .04). Analyses of the pooled data showed that
individuals whose blood selenium values were in the highest
quartile (median � 150 ng/mL) had statistically significantly
lower odds of developing a new adenoma compared with
those in the lowest quartile (OR � 0.66, 95% CI � 0.50 to
0.87; Ptrend � .006). Conclusions: The inverse association
between higher blood selenium concentration and adenoma
risk supports previous findings indicating that higher sele-
nium status may be related to decreased risk of colorectal
cancer. [J Natl Cancer Inst 2004;96:1669–75]

The trace element selenium has received increasing attention
as a possible cancer preventive substance. The main dietary
sources of selenium in the United States are meats and grains
(1), but dietary intake of selenium varies by geographic area due
to inconsistent concentrations of selenium in the soil (2). People
living in regions of low selenium intake have higher rates of
several cancers, including colorectal cancer (3). Several possible
mechanisms for the potential anticarcinogenic effects of sele-
nium have been proposed, including induction of apoptosis (4),
protection from oxidative DNA damage (5), and increased im-
mune function (6). The most intriguing support for a possible

protective effect of selenium intake has come from a large,
randomized, double-blind, placebo-controlled trial that involved
supplementation with 200 �g of selenium per day or placebo for
prevention of nonmelanoma skin cancer (7). Although selenium
supplementation did not reduce skin cancer risk in this trial,
secondary analyses of the data showed a statistically significant
58% (95% � CI 0.18 to 0.95) reduction in colorectal cancer
incidence among participants randomly assigned to the selenium
supplement group (7) (it should be noted that the results were
attenuated and no longer statistically significant after additional
years of follow-up) (8). Several epidemiologic investigations of
the relationship between selenium and colon and rectal neoplasia
have shown an inverse association (9–15), although others have
reported null results (16,17). However, many of these epidemi-
ologic studies involved relatively small numbers of participants
and were thus unable to provide a precise estimate of a reduction
in risk.

Pooling data from multiple studies is one epidemiologic tool
for investigating important public health concerns (18). The
availability of blood selenium data from three completed clinical
trials of colorectal adenoma—the Wheat Bran Fiber Trial, the
Polyp Prevention Trial, and the Polyp Prevention Study—pro-
vided an opportunity to assess the relationship between selenium
concentrations and adenoma recurrence. Each of the three trials
was conducted to assess the effect of a dietary nutrient or
intervention on the risk of developing a new colorectal adenoma
among participants who recently had an adenoma removed dur-
ing colonoscopy. The populations of the three trials were similar
clinically, and colorectal adenoma endpoints were assessed care-
fully by follow-up colonoscopy. In this study, individual data
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from these three trials was pooled to obtain a more precise
estimate of the selenium–adenoma association.

METHODS

The analyses for this study were conducted at the Arizona
Cancer Center, University of Arizona, by pooling data from
subsets of participants from the Wheat Bran Fiber Trial, Polyp
Prevention Trial, and the Polyp Prevention Study. The studies
have been described in detail (19–21), and a brief description of
each trial is included below.

Wheat Bran Fiber Trial

The Wheat Bran Fiber Trial was conducted at the University
of Arizona to compare the effect of a high-fiber cereal supple-
ment and a low-fiber supplement on adenoma recurrence over 3
years among patients who recently had an adenoma removed at
colonoscopy (19). Baseline data regarding demographic, medi-
cal, and lifestyle characteristics were collected with question-
naires, and dietary habits were assessed using the Arizona Food
Frequency Questionnaire (22). A total of 1304 study participants
completed the Wheat Bran Fiber Trial by having at least one
colonoscopy and/or a diagnosis of colorectal cancer after ran-
dom assignment to either high-fiber or low-fiber supplement. No
statistically significant effect of the high-fiber supplement on
adenoma risk was observed (22). For this analysis, we deter-
mined plasma selenium concentrations in blood samples from a
subset of participants who had completed the Wheat Bran Fiber
Trial that were drawn approximately 1 year after random assign-
ment. Five hundred participants were randomly selected for a
nested case–control design (250 with a recurrence and 250
without recurrence); selenium values were available for 498 of
these individuals. The study was approved by the University of
Arizona Human Subjects Committee and local hospital commit-
tees, and written informed consent was obtained from each
participant prior to study enrollment.

Polyp Prevention Trial

The Polyp Prevention Trial was a multicenter study con-
ducted by the National Cancer Institute. Participants with a prior
colorectal adenoma were assigned to either a low-fat, high-fiber
diet containing fruits and vegetables or a normal diet for 4 years,
and subsequent adenoma risk was compared between the two
groups (20). Questionnaires were administered at baseline to
ascertain demographic information, behavioral, and clinical
characteristics and dietary habits (20). A total of 1905 partici-
pants completed the trial by having any endoscopic procedure
after the year 1 colonoscopy, or for subjects who missed the year
1 colonoscopy, by having any endoscopic procedure performed
at least 2 years after random assignment. The dietary interven-
tion was not statistically significantly related to risk of a new
adenoma (20). For this analysis, a 40% random sample of the
study population was selected. Serum selenium was analyzed in
713 (94%) of the 762 participants who were randomly selected
to provide blood samples at baseline. Written informed consent
was obtained from all study participants, and the trial was
approved by the Institutional Review Board at the National
Cancer Institute, as well as by each participating clinic location.

Polyp Prevention Study

The Polyp Prevention Study was a multicenter, randomized,
placebo-controlled trial coordinated by investigators at Dart-
mouth to evaluate the effect of vitamin C, E, and �-carotene
supplementation on the risk of developing a new colorectal
adenoma in participants who had recently had an adenoma
resected from their large bowel (21). Usual diet and demo-
graphic, lifestyle, and medical characteristics were determined at
baseline by questionnaires (21). A total of 751 participants
completed the trial by having a colonoscopy both 1 year and 4
years after enrollment. The intervention was not associated with
risk of a new adenoma (21). Serum from blood drawn at the time
of enrollment (n � 546) or first colonoscopy (n � 6) was
analyzed for 552 (74%) of the 751 participants who completed
the trial (23). These samples were selected using a nested case–
control design, as previously described (23). The study protocol
was approved by the Internal Review Board at Dartmouth and all
other clinic sites, and written informed consent was obtained
from all study participants.

Definition of Adenoma Risk

Each of the trials had two time points for follow-up colonos-
copies, with the study protocol including a colonoscopy at year
1 followed by another at year 3 (Wheat Bran Fiber) or year 4
(Polyp Prevention Trial and Polyp Prevention Study). For the
purpose of the current analyses, any adenoma or colorectal
cancer that occurred after randomization in any trial was defined
as a recurrence. This endpoint criterion was selected because
guidelines for endoscopy surveillance changed during the Wheat
Bran Fiber Trial, and therefore not all of the Wheat Bran Fiber
Trial participants had both year 1 and year 3 colonoscopies.

Selenium Analysis

For the Polyp Prevention Trial, analyses of serum selenium
levels were conducted by atomic absorption spectrometry by the
Centers for Disease Control (24) under the direction of one of
the coauthors (E.W. Gunter). For the Wheat Bran Fiber Trial,
plasma samples were analyzed at the laboratory of Dr. Ivan S.
Palmer at South Dakota State University using the fluorometric
method (25). For the Polyp Prevention Study, serum selenium
concentrations were determined by instrumental neutron activa-
tion analysis in the laboratory of Dr. J. Steven Morris at the
University of Missouri—Columbia Research Reactor Center
(23).

Data Pooling

Data for the Polyp Prevention Trial and Polyp Prevention
Study were submitted electronically by the National Cancer
Institute and Dartmouth, respectively, to the Arizona Cancer
Center for pooling with data from the Wheat Bran Fiber Trial.
Data from the three trials were checked for accuracy and missing
values. Any discrepancies were noted, and the submitting inves-
tigators were queried to resolve any outstanding issues. Data
from each study site were analyzed individually prior to pooling.
Variables were assigned common names and, if necessary, con-
verted to common units of measurement. After the datasets were
combined, thorough checks were conducted to ensure that the
pooled data for each study site were identical to the original
dataset.
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Statistical Analyses

All analyses were completed using the Stata statistical soft-
ware package (version 7.0; Stata, College Station, TX). Sum-
mary data for baseline characteristics were calculated using
means and standard deviations for continuous variables and by
chi-square analysis for categorical variables. To assess whether
any baseline characteristics varied by blood selenium values in
each trial separately, quartiles were constructed based on the
distribution of selenium concentrations of participants in each
trial; values for the baseline characteristics were then compared
across quartiles. Data from the three trials were then pooled, and
quartiles of baseline selenium were created based on the distri-
bution of selenium levels from all participants in the three trials
combined to evaluate overall differences in baseline character-
istics. The combined analysis of supplemental vitamin E intake
included only values from the Wheat Bran Fiber and Polyp
Prevention Trials because this information was not collected in
the Polyp Prevention Study.

To estimate the association between baseline selenium and
adenoma risk, unconditional logistic regression modeling was
used for each individual study and for the pooled dataset. First,
the models were used to determine which baseline variables
were associated with both adenoma and blood selenium. Like-
lihood ratio tests were performed to assess which variables
statistically significantly changed the model, and these variables
were included in the multivariable logistic regression analyses of
selenium and adenoma risk. These variables were tested within
the individual studies and then in the pooled analysis. For the
analyses of the individual studies, trend tests were conducted
using regression modeling and the quartile-specific category for
blood selenium level. For the pooled analysis, regression models
based on fractional polynomial functions were used to determine
the best transformation for blood selenium. Results indicated a
linear fit of the data; thus, we treated blood selenium as a
continuous variable for the trend analysis. In addition to analyz-
ing the pooled dataset, the study-specific estimates were com-
bined using a random-effects model to estimate the pooled odds

ratios (ORs) (26,27). All statistical tests were two-sided and
were considered to be statistically significant if P values were
less than .05.

Secondary analyses of adenoma characteristics were also
conducted. Individuals were placed into the low-selenium
(�130 ng/mL) or the high-selenium (�130 ng/mL) category
based on the median baseline selenium level. The referent group
comprised participants who had no new adenomas and were in
the low-selenium category (�130 ng/mL). For analyses by ad-
enoma diameter, the largest adenoma for each participant was
classified as either large (�1 cm), or small (�1 cm). In analyses
of adenoma location, participants with distal adenomas included
those who had at least one adenoma distal to the transverse colon
and no adenomas proximal to this region; analysis of proximal
polyps included participants with proximal adenomas only. For
analyses of adenoma histology, participants were classified as
having tubular adenomas only or any adenoma with villous
histology (tubulovillous or villous). In addition, categories for
nonadvanced (�1 cm in diameter and no villous histology) and
advanced (�1 cm in diameter and/or villous histology) adeno-
mas were created.

RESULTS

As shown in Table 1, the baseline characteristics of partici-
pants with blood selenium levels in the Polyp Prevention Trial,
the Wheat Bran Fiber Trial, and the Polyp Prevention Study
were similar, including blood selenium levels, despite the anal-
yses having been performed at different laboratories. Most par-
ticipants were over age 60 and were male; relatively few were
smokers. Blood concentration of selenium ranged from 97 to
191 ng/mL (data not shown) and was inversely associated with
smoking, calcium intake, and body mass index (Table 2). Blood
selenium levels were not associated with other baseline charac-
teristics of study participants.

Table 3 shows logistic regression models for adenoma
recurrence for each study as well as that for the pooled
population. To create the final model, likelihood ratio tests

Table 1. Comparison of baseline characteristics of participants in the Polyp Prevention Trial, the Wheat Bran Fiber Trial, and the Polyp Prevention Study�

Characteristic Polyp Prevention Trial Wheat Bran Fiber Trial Polyp Prevention Study Total

Selenium, ng/mL 130.8 � 16.1 133.7 � 25.0 130.9 � 18.8 131.6 � 19.8
No. of participants 713 498 552 1763
Age 60.9 � 9.8 65.0 � 8.5 61.5 � 8.0 62.3 � 9.1
BMI, kg/m2 27.5 � 3.9 27.8 � 4.6 27.0 � 4.2 27.4 � 4.2
Male, n (%) 483 (67.7) 348 (69.9) 452 (81.9) 1283 (72.8)
Aspirin use, n (%)† 173 (24.3) 130 (26.1) 127 (23.1) 430 (24.4)
Previous polyps, n (%)‡ 177 (24.8) 148 (29.7) 139 (25.5) 464 (26.4)
Family history, n (%)§ 174 (24.4) 84 (16.9) 107 (19.8) 365 (20.8)
Current smoker, n (%) 88 (12.3) 60 (12.1) 98 (18.1) 246 (14.0)

Daily dietary intake
Energy, kcal 1908.2 � 546.7 1924.6 � 685.8 1992.9 � 756.3 1938.5 � 656.8
Total fat, g 76.0 � 28.9 73.9 � 34.6 87.3 � 42.7 78.9 � 35.6
Dietary fiber, g 18.3 � 8.1 19.0 � 8.2 14.4 � 7.4 17.3 � 8.1
Alcohol, drinks 0.5 � 0.7 0.5 � 1.0 1.0 � 1.8 0.6 � 1.2
Calcium, mg 842.7 � 415.4 871.5 � 392.1 898.2 � 460.7 867.7 � 423.7
Vitamin E, mg ATE 8.2 � 2.8 7.7 � 3.4 11.5 � 6.2 9.1 � 4.6
Supplemental vitamin E, IU 71.2 � 201.4 93.0 � 208.4 N/A 80.1 � 204.5
Vitamin C, mg 135.4 � 70.0 164.3 � 90.6 143.0 � 88.5 146.0 � 82.9

�Reported as mean � standard deviation unless noted otherwise. BMI � body mass index; ATE � �-tocopherol equivalents; N/A � not available.
†Represents use in the last month for the Wheat Bran Fiber Trial and current use at baseline for the Polyp Prevention Trial and the Polyp Prevention Study.
‡History of polyps or adenomas prior to the qualifying colonoscopy.
§History of colorectal cancer in one or more first-degree relative(s).
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were performed to assess which variables statistically signif-
icantly changed the model, and these variables were included
in the multivariable logistic regression analyses of selenium
and adenoma recurrence. These variables were tested within
the individual studies and then in the pooled analysis. Vari-
ables tested included energy intake; total fat, fiber, alcohol,
calcium, dietary and supplemental vitamin E, and vitamin C
intake; and age, sex, smoking status, family history of colo-

rectal cancer, aspirin use, previous polyps, intervention
group, and, for the pooled analyses, study site. From their
ability to statistically significantly change the model, we
included age, sex, smoking status, and study site in the final
models.

In each of the three trials, the risk of new adenoma was lower
among participants in the highest quartiles of blood selenium
concentration than those in the lowest quartile (Table 3). The

Table 3. Adjusted odds ratios and 95% confidence intervals for each trial and the combined population, by quartile of blood selenium level�

Median Se (ng/mL) Recurrences, n (%) Nonrecurrences, n (%) OR (95% CI) Ptrend

Polyp Prevention Trial
114 112 (59.3) 77 (40.7) 1.00 (referent)
126 99 (55.6) 79 (44.4) 0.81 (0.53 to 1.24)
136 111 (59.0) 77 (41.0) 0.90 (0.58 to 1.38)
149 81 (51.3) 77 (48.7) 0.67 (0.43 to 1.05) .21

Wheat Bran Fiber Trial
113.1 69 (55.2) 56 (44.8) 1.00 (referent)
126.5 62 (46.6) 71 (53.4) 0.80 (0.48 to 1.31)
136.3 62 (53.5) 54 (46.6) 0.99 (0.59 to 1.66)
151.3 54 (43.6) 70 (56.5) 0.66 (0.40 to 1.10) .13

Polyp Prevention Study†
112 102 (73.4) 37 (26.6) 1.00 (referent)
124 92 (65.0) 50 (35.2) 0.75 (0.45 to 1.25)
135 89 (65.9) 46 (34.1) 0.75 (0.44 to 1.26)
151 79 (58.1) 57 (41.9) 0.57 (0.34 to 0.95) .04

Pooled Analysis‡
113 278 (62.6) 166 (37.4) 1.00 (referent)
125 257 (56.7) 196 (43.3) 0.86 (0.65 to 1.13)
136 263 (58.8) 184 (41.2) 0.90 (0.68 to 1.19)
150 214 (51.1) 205 (48.9) 0.66 (0.50 to 0.87) .006

�Study-specific odds ratios (ORs) were calculated with the categorical variable for blood selenium level; were adjusted for age, gender, and smoking status; and
were based on the selenium distribution for each population. CI � confidence interval. Ptrend (two-sided) was calculated with regression modeling using selenium
as a categorical variable.

†Excludes 11 participants with missing data for cigarette smoking.
‡Pooled OR was calculated with the categorical variable for selenium and adjusted for age, gender, smoking status, and study site (excludes 11 participants with

missing data for cigarette smoking). Ptrend (two-sided) for the pooled analysis was conducted using selenium as a continuous variable.

Table 2. Baseline characteristics of participants in the Polyp Prevention Trial, the Wheat Bran Fiber Trial, and the Polyp Prevention Study combined, by
quartile of blood selenium�

Characteristic

Quartile†

Ptrend‡
1

n � 444
2

n � 453
3

n � 447
4

n � 419

Median Se, ng/mL 113 125 136 150
Age 62.7 � 9.2 61.6 � 9.0 62.6 � 9.0 62.1 � 8.9 .69
BMI, kg/m2 27.6 � 4.4 27.5 � 4.5 27.6 � 4.1 26.9 � 3.7 .03
Male, n (%) 317 (71.4) 320 (70.6) 335 (74.9) 311 (74.2) .18
Aspirin use, n (%) 103 (23.3) 118 (26.1) 107 (24.0) 102 (24.3) .89
Previous polyps, n (%) 128 (28.9) 101 (22.4) 114 (25.5) 1281 (29.2) .71
Family history, n (%) 100 (22.8) 84 (18.6) 87 (19.5) 94 (22.7) .98
Current smoker, n (%) 79 (18.0) 72 (15.9) 54 (12.1) 41 (9.9) .0002

Daily dietary intake
Energy, kcal 1990.8 � 692.5 1928.7 � 645.1 1898.7 � 601.6 1937.4 � 686.5 .16
Total fat, g 81.9 � 36.4 77.8 � 36.2 76.7 � 31.5 79.2 � 38.0 .21
Dietary fiber, g 17.3 � 8.6 17.5 � 8.2 17.2 � 7.9 17.2 � 7.8 .76
Alcohol, drinks 0.7 � 1.4 0.6 � 1.1 0.6 � 1.2 0.6 � 1.2 .53
Calcium, mg 910.8 � 443.5 854.2 � 406.8 854.4 � 418.6 851.8 � 424.5 .05
Vitamin E, mg ATE 9.5 � 5.5 8.7 � 4.0 8.9 � 4.2 9.1 � 4.5 .20
Supplemental vitamin E, IU§ 65.5 � 174.9 79.3 � 194.2 84.4 � 218.6 90.8 � 225.8 .14
Vitamin C, mg 148.7 � 83.9 144.5 � 80.4 146.0 � 84.7 144.8 � 82.7 .57

�Reported as mean � standard deviation unless otherwise noted. BMI � body mass index; ATE � �-tocopherol equivalents.
†Quartiles are based on the distribution of all three trials combined.
‡Ptrend values were calculated using the quartile-specific category for baseline selenium levels.
§Includes data for the Polyp Prevention and Wheat Bran Fiber Trials only.
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odds ratios and 95% confidence intervals (CIs) for the highest
versus the lowest quartile of selenium concentration were 0.67
(95% CI � 0.43 to 1.05) for the Polyp Prevention Trial, 0.66
(95% CI � 0.40 to 1.10) for the Wheat Bran Fiber Trial, and
0.57 (95% CI � 0.34 to 0.95) for the Polyp Prevention Study.
The test for trend was statistically significant only for the Polyp
Prevention Study (Ptrend � .04). In the pooled analysis of the
three trials (Table 3), the odds ratios for adenoma recurrence
were 0.86 (95% CI � 0.65 to 1.13), 0.90 (95% CI � 0.68 to
1.19), and 0.66 (95% CI � 0.50 to 0.87) for the second, third,
and fourth quartiles of selenium, respectively (Ptrend � .006)
compared with that of the lowest quartile. A linear decrease in
the odds of adenoma recurrence (log of the odds ratios) was
evident with increasing blood selenium levels beyond approxi-
mately 100 ng/mL (Fig. 1). The results of the random-effects
model that pooled the study-specific odds ratios (26) (Pheterogeneity

in the highest quartile � .88) were similar to those obtained for
the pooled dataset (25,26) (Fig. 2). There were no statistically
significant differences by sex or age (data not shown).

Table 4 presents pooled analyses of adenoma characteristics
from the three trials. The reference group for the analysis of each
variable consisted of participants who had not had an adenoma
recurrence and were in the lowest quartile of blood selenium.
For recurrent small adenomas, the adjusted odds ratio for sele-
nium levels above the median of 130 ng/mL, compared with
levels below the median, was 0.84 (95% CI � 0.69 to 1.02); for
large adenomas, the adjusted odds ratio was 0.89 (95% CI �
0.63 to 1.26). For distal polyps, the adjusted odds ratio was 0.98
(95% CI � 0.75 to 1.28); for proximal adenomas it was 0.83
(95% CI � 0.64 to 1.07). For tubular adenoma recurrence, the
adjusted odds ratio was 0.85 (95% CI � 0.69 to 1.04); for villous
recurrences it was 0.76 (95% CI � 0.53 to 1.09). For nonad-
vanced adenomas, the odds ratio was 0.95 (95% CI � 0.80 to
1.13). Advanced adenomas (either �1cm in size, containing
villous histology, or both) had an odds ratio of 0.80 (95% CI �
0.60 to 1.08).

DISCUSSION

This study was conducted to determine whether blood levels
of selenium were associated with the risk of colorectal adenoma

recurrence in three diet intervention or supplementation trials.
Analysis of each trial yielded some evidence that higher blood
selenium levels were associated with a reduction in adenoma
occurrence, but the results reached statistical significance only in
the Polyp Prevention Study, the study with the greatest propor-
tion of recurrences. Pooling the data from the three studies
allowed for increased precision of the point estimates and re-
vealed a statistically significant inverse association between
blood selenium levels and adenoma recurrence. These data pro-
vide further evidence for a protective effect of selenium on
development of colorectal neoplasia.

Initial interest in selenium as a potential chemopreventive
agent was driven by epidemiologic studies that showed a re-
duced risk for some types of cancer for people living in geo-

Table 4. Pooled analysis of adenoma characteristics by category of baseline
selenium�

Characteristic Selenium Level Adjusted OR (95% CI) P

�130 �130
Nonrecurring 362 389 1.00 (referent)

Diameter
Polyp �1 cm 535 (48.2) 477 (47.1) 0.84 (0.69 to 1.02) .07
Polyp �1 cm 87 (19.4) 87 (18.4) 0.89 (0.63 to 1.26) .52

Location
Distal 151 (29.4) 158 (28.9) 0.98 (0.75 to 1.28) .88
Proximal only 207 (36.4) 188 (32.6) 0.83 (0.64 to 1.07) .15

Histology
Tubular only 417 (53.5) 382 (49.6) 0.85 (0.69 to 1.04) .13
Any villous 90 (19.9) 75 (16.2) 0.76 (0.53 to 1.09) .14

Advanced
Nonadvanced 362 (43.7) 397 (40.8) 0.95 (0.80 to 1.13) .58
Advanced† 143 (15.9) 126 (14.3) 0.80 (0.60 to 1.08) .15

�Recurrences for each characteristic not equal due to missing data. Odds ratio
(OR) adjusted for gender, age, smoking status, and study site. CI � confidence
interval. P value calculated with regression modeling using categorical variable
for selenium, two-sided.

†Includes adenomas at least 1 cm in diameter or with tubulovillous–villous
histology or colon cancers.

Fig. 1. Linear trend for the odds of polyp recurrence (log of the odds ratios) by
increasing blood selenium level (ng/mL) as a continuous variable, calculated
using a locally weighted regression model. OR � odds ratio. Lowess smoother
� locally weighted scatterplot smoothing.

Fig. 2. Pooled odds ratios and 95% confidence intervals for adenoma recurrence
by quartile of blood selenium level. The odds ratios and 95% confidence
intervals were generated by pooling the study-specific estimates using the
random effects model. The medians (ng/mL) for quartiles 1–4 of blood selenium
levels for each trial were 113, 127, 136, and 151 for the Wheat Bran Fiber Trial;
114, 126, 136, and 149 for the Polyp Prevention Trial; and 112, 124, 135, and
151 for the Polyp Prevention Study.
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graphic areas with comparatively high soil selenium levels
(3,28). This interest was later enhanced by several studies that
indicated at least a modest inverse association between blood
levels of selenium and the risk of colorectal adenomas
(12,14,23) and cancers (9,14), although no relationship was
detected in other studies (16,17). Selenium levels have also been
demonstrated to be associated with cancer stage (11) and sur-
vival (13). The reasons for the apparent discrepancies in the
studies of colorectal neoplasia are unclear; however, the sample
sizes tended to be relatively small (12,14,16,17), resulting in
greater variability of the association estimates.

The results of one of the component studies of this paper have
been published previously (23). For that analysis, the authors
defined recurrent adenomas as those detected after the year 1
colonoscopy (23). Compared with the lowest quintile of serum
selenium, the odds ratios for increasing quintile of total selenium
were 0.78 (95% CI � 0.46 to 1.31); 0.77 (95% CI � 0.45 to
1.34); 0.97 (95% CI � 0.57 to 1.63); and 0.76 (95% CI � 0.44
to 1.30), with a Ptrend of .50 (23). However, as reported in the
original article (23), with an odds ratio of 0.57 (95% CI � 0.32
to 1.02) for the highest versus the lowest quintile of selenium,
the association between selenium and adenoma recurrence was
stronger when all postrandomization recurrent adenomas were
included than when the analysis included only polyps occurring
after the year 1 exam. The year 1 colonoscopy was intended as
a “clean out” colonoscopy to ensure that no adenomas were
missed during the screening procedure; therefore, it is possible
that adenomas detected at year 1 may represent lesions missed at
the index colonoscopy rather than recurrences.

By pooling the study populations of these three large trials,
we were able to analyze the effect of selenium on specific
adenoma endpoints with greater precision than in the individual
studies alone. No statistically significant effects of selenium
were detected for adenoma size, location, or histology. The
results reported by Wallace et al. (23) for the independent
analysis of the Polyp Prevention Study also showed no statisti-
cally significant association for adenoma number, size, or loca-
tion. One study performed in Spain found that selenium levels
were statistically significantly lower in study participants with
prevalent adenomas at least 1 cm in diameter compared with
control subjects (14). However, the mean blood selenium con-
centration in participants with adenomas was approximately half
that observed in participants in this study, and those study
participants had prevalent, rather than recurrent, adenomas, as in
this study. It is therefore possible that the increased risk of large
colorectal adenomas is more pronounced in participants who
have an intake of selenium below the 90 �g of selenium per day
dose that is adequate for the saturation of selenium-containing
enzymes such as glutathione peroxidase (29).

Selecting the optimal selenium compound for chemopreven-
tion is challenging. Potential chemopreventive mechanisms of
selenium include protection from oxidative DNA damage–in-
duced apoptosis (4,5) and increased immune system activity (6).
Optimization of each of these chemoprotective processes may
involve different dosages and different types of selenium; sel-
enocompounds that may exert chemopreventive effects include
methylselenol (30), selenodiglutathione (31), glutathione perox-
idase, thioredoxin reductase, and other selenoproteins (5).

Another issue is determining the optimal selenium dose for
chemoprevention. Because selenium levels of trial participants
vary markedly (7,14,17), the effective dose for chemoprevention

can be difficult to determine and may also vary widely in a
population. For example, in the Nutritional Prevention of Cancer
Trial, the reduction in risk of colorectal cancer was observed
with supplementation of 200 �g/day of selenium (7). However,
later analyses revealed that the protection with selenium supple-
mentation observed in this trial was statistically significant only
for those in the lowest tertile of baseline selenium intake (8),
suggesting that supplementation may benefit only those with
circulating selenium levels of less than 106 ng/mL. In addition,
in the same trial, those selenium-supplemented participants in
the higher tertiles of baseline selenium levels indeed demon-
strated a statistically significantly increased risk of nonmela-
noma skin cancer (32). The study population of the Nutritional
Prevention of Cancer trial was selected specifically for its high
risk for these types of cancers. Nonetheless, future studies
should also incorporate cancer type when determining selenium
dosage for cancer prevention.

Potential limitations of this work include the different study
designs used to select the samples for selenium analysis in each
of the original trials. For the Polyp Prevention Study and Wheat
Bran Fiber Trial, a nested case–control design was used to
compare blood selenium levels among subjects; for the Polyp
Prevention Trial, the analysis was conducted on a random sam-
ple using a prospective design. To reduce the differences be-
tween the individual study designs when analyzing and pooling
data from the three studies, we tested several baseline charac-
teristics using regression models and likelihood ratio testing, and
variables that statistically significantly changed the outcome
remained in the final model. Moreover, the individual analyses
of selenium and adenoma recurrence for each of these trials yield
remarkably similar results across the three trials (Pheterogeneity �
.88 for highest quartile of intake). Another possible limitation of
the work is that the generalizability of the results may be limited
because the participants in these trials were volunteers interested
in participating in a long-term clinical trial potentially requiring
a diet intervention or supplement, who had at least one previous
colorectal polyp, and who, on average, had blood selenium
levels higher than the national average of 123 ng/mL (33).
Another limitation to this work is that selenoprotein levels and
activity could not be assessed. Because the mechanism of action
of selenium likely involves these proteins, evaluation of seleno-
proteins will be an important area of research for future studies.

The strengths of this study include the large sample size that
was available by pooling data from three intervention trials. This
data pooling technique allowed us to efficiently use previously
collected data. The combination of datasets increased the preci-
sion of the risk estimates, as exemplified by comparing the
individual results with those of the combined analysis. The
component studies were all well-conducted clinical intervention
trials with similar populations and comprehensive endpoint data
collection. Furthermore, all three studies had high follow-up
rates, with over 85% of participants randomly assigned having
completed each trial, minimizing the possibility of detection
bias.

In summary, the results of this report indicate that selenium
has a role in reducing the risk of colorectal adenoma recurrence.
Because of the metabolic complexity of this nutrient, studies of
selenium dose and biologic form that is most effective for
chemoprevention are required. Finally, this study provides an
excellent example of the advantages of pooling data from large
trials to improve the precision of measurements of association.
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