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Background: Findings from animal models suggest that selenium
supplementation improves glucose metabolism.

Objective: To examine the effect of long-term selenium supple-
mentation on the incidence of type 2 diabetes.

Design: Secondary analysis of a randomized, double-blind, place-
bo-controlled trial.

Setting: Areas of low selenium consumption of the eastern United
States.

Patients: 1202 persons seen in dermatology clinics who did not
have type 2 diabetes at baseline.

Intervention: Oral administration of selenium, 200 �g/d, or pla-
cebo.

Measurements: Incidence of type 2 diabetes.

Results: During an average follow-up of 7.7 years (SD, 2.7), type
2 diabetes developed in 58 selenium recipients and 39 placebo

recipients (incidence, 12.6 cases per 1000 person-years vs. 8.4
cases per 1000 person-years, respectively; hazard ratio, 1.55 [95%
CI, 1.03 to 2.33]). The lack of benefit of selenium supplementation
on the incidence of type 2 diabetes persisted in analyses stratified
by age, sex, body mass index, and smoking status. An exposure–
response gradient was found across tertiles of baseline plasma
selenium level, with a statistically significantly increased risk for type
2 diabetes in the highest tertile of baseline plasma selenium level
(hazard ratio, 2.70 [CI, 1.30 to 5.61]).

Limitations: Diabetes was a secondary outcome in the parent trial.
Diagnoses of diabetes were self-reported but were validated in
most participants. The sample was mostly older and white.

Conclusions: Selenium supplementation does not seem to prevent
type 2 diabetes, and it may increase risk for the disease.
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Insulin resistance, impaired glucose tolerance, and type 2
diabetes are all linked to oxidative stress, which may be

the pathogenic mechanism that links these conditions to
cardiovascular disease (1). Observational epidemiologic
studies show a protective association of dietary or plasma
antioxidants against the development of type 2 diabetes (2,
3). However, the few clinical trials that have examined the
efficacy of antioxidant supplementation in the prevention
of type 2 diabetes or its complications have had negative
results (4–6). Experimental evidence from animal models
suggests that supplementation with low doses of the anti-
oxidant selenium may exert beneficial effects on glucose
metabolism, possibly through many insulin-like actions,
and may delay complications of diabetes. The effects of
high-dose selenium supplements, however, are less clear
(7–10). Some studies in patients with diabetes suggest that
selenium supplementation may help to prevent vascular
complications (11) and that diabetic patients may be defi-
cient in selenium relative to healthy persons (12). Con-
versely, recent findings from the SU.VI.MAX (Supplemen-
tation with Antioxidant Vitamins and Minerals) study (13)
showed no effect of supplementation with a combination
of antioxidants, including selenium (100 �g/d), on fasting
plasma glucose levels after 7.5 years of follow-up.

Because no randomized, placebo-controlled clinical
trials to date have tested the effect of long-term supplemen-
tation with selenium alone (200 �g/d) on the risk for type
2 diabetes, we examined the efficacy of selenium supple-

mentation in preventing new-onset type 2 diabetes in the
NPC (Nutritional Prevention of Cancer) trial, a random-
ized, double-blind clinical trial designed primarily to eval-
uate the efficacy of selenium supplementation for preven-
tion of cancer (14, 15). Specifically, we assessed the
incidence of type 2 diabetes as a secondary end point
throughout the blinded phase of the trial (1983–1996)
among participants who did not have type 2 diabetes at
baseline (n � 1202).

METHODS

Design and Participants
The rationale, design, and methods of the NPC trial

are described in detail elsewhere (14). In brief, the NPC
trial was a randomized, double-blind, placebo-controlled
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study of 1312 participants who were recruited in 1983 to
1991 from 7 dermatology clinics in areas of low selenium
consumption of the eastern United States. Randomization
was blocked by time and stratified by clinic. Persons were
eligible if they had a confirmed history of nonmelanoma
skin cancer in the year before randomization, had an esti-
mated life expectancy of 5 years, and had no reported in-
ternal cancer in the previous 5 years. Participants with a
history of clinically important liver or kidney disorders
were excluded. Because the primary aim of the trial was to
determine the effects of selenium supplementation on non-
melanoma skin cancer, we excluded nonwhite persons.
This restriction served to control the effects of skin pig-
mentation on the risk for skin cancer recurrence. As a re-
sult, almost all participants in the NPC trial were non-
Hispanic white persons; about 1.4% (n � 18) of persons
who were randomly allocated were identified as Hispanic,
and some persons were from other ethnic groups. Although
recruitment was sex-neutral, about three quarters of the
participants were male. Of the 1316 persons recruited, ran-
dom assignment was successful for 1312. At the end of the
blinded treatment period on 1 February 1996, no partici-
pant was lost to vital follow-up, generating a total of 9301
person-years of follow-up. Self-reported adherence indi-
cated that 79.3% of participants (80.3% in the placebo
group and 78.4% in the selenium group) adhered to the
intervention (16). This was corroborated by the fact that
plasma selenium levels remained constant throughout the
trial in the placebo group but were substantially higher in
the selenium group (Figure 1).

We analyzed only participants with a valid baseline
selenium value obtained within 4 days from the date of
randomization (1250 of 1312 participants), a decision that

is consistent with previously published studies from the
NPC trial (15–17). Baseline characteristics of the total
NPC cohort of 1312 participants and the subsample of
1250 participants with valid baseline selenium levels did
not statistically significantly differ (17), and our findings
did not change substantially when analyses were expanded
to include all 1312 participants (data not reported).

We focus on the 1202 participants who did not have
type 2 diabetes at baseline (600 selenium recipients and
602 placebo recipients). Ascertainment of prevalent type 2
diabetes at baseline was based on a self-reported diagnosis
of type 2 diabetes before randomization, with subsequent
evaluation of medical records (48 cases [21 in the selenium
group and 27 in the placebo group]). Figure 2 shows the
flow diagram of the NPC participants included in our
analysis.

Clinical Examination and Laboratory Methods
The intervention agent was 200 �g of selenium daily,

supplied in a 0.5-g, high-selenium baker’s yeast tablet pro-
vided by Nutrition 21 (La Jolla, California) through 1995
and by Cypress Systems (Fresno, California) thereafter.
The placebo group received a tablet containing yeast only.
Selenium and placebo pills were coated with titanium ox-
ide to ensure identical appearance and smell.

Each patient was assigned a unique sequential treat-
ment number. Treatment group assignment was made cen-
trally by using sealed identical pill bottles that were distrib-
uted at the clinic. The coordinating center held all
treatment information in blinded form (14). The selenium
content of each batch of pills was determined in the labo-
ratories of Dr. Combs and of I.S. Palmer, MD (South
Dakota State University, Brookings, South Dakota), by the
diaminonapthalene fluorometric procedure after nitric–
perchloric acid digestion (18). Plasma selenium level was
determined in the laboratory of Dr. Combs by using an
automated electrothermal atomic absorption spectropho-

Context

Research suggests that selenium supplements may
improve glucose metabolism.

Contribution

The investigators examined the incidence of type 2 diabe-
tes among participants in a clinical trial designed to assess
the effects of selenium supplementation on skin cancer.
Participants randomly assigned to receive selenium were
more likely to develop type 2 diabetes than were those
assigned to placebo.

Cautions

Diabetes was a secondary outcome of the original trial.
The diagnosis was self-reported, and most participants
were older and white.

Implication

Long-term selenium supplementation appears to increase
the risk for type 2 diabetes.

—The Editors

Figure 1. Mean plasma selenium levels.
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tometer (Perkin Elmer 3030, Perkin-Elmer, Norwalk,
Connecticut) equipped with an electrodeless discharge
lamp and automatic Zeeman-effect background correction.
Quality control included multiple aliquots of human
plasma as external control samples. A coefficient of varia-
tion less than 7% (for duplicate analyses) was the criterion
for acceptance (19).

Participants visited their respective clinics biannually
to provide blood samples and report new illnesses and
medications. Patient medical records from both study and
nonstudy visits were periodically reviewed to ensure com-
pleteness and accuracy. At the baseline interview, data were
collected on sociodemographic, anthropometric, and be-
havioral characteristics, including education (0 to 18
years), body mass index (BMI), use of vitamin supple-
ments, alcohol consumption (drinks consumed per day),
smoking status (never, former, or current), and pack-years
of smoking. For participants who became inactive, annual
monitoring was attempted by using the National Death
Index and ChoicePoint Services (formerly Equifax, At-
lanta, Georgia) to determine vital status and identify diag-
noses of new illnesses.

Ascertainment of Type 2 Diabetes and Follow-up
Participants who had a new diagnosis of type 2 diabe-

tes during the blinded phase of the trial (15 September
1983 to 1 February 1996) were noted. The initial report of
diabetes came from 3 sources: self-report during the clini-
cal interview, reported use of drugs for diabetes, and re-
ports in medical record documents. Medical record re-
quests were then sent to the primary physicians for every
patient with a report. This process of requesting and re-
viewing documentation was done in a blinded manner.
About 92% of these reports, regardless of source, were cor-
roborated with medical record documentation, as deter-
mined by registered nurse reviewers.

Person-years of follow-up were accrued from the date
of randomization as the start date to the date of an incident
case of type 2 diabetes, the date of death, or the end of the
blinded period of the trial.

Statistical Analysis
For continuous and categorical variables, we used t

tests and chi-square tests, respectively, to determine the
statistical significance of any difference in the distribution
of baseline variables between treatment groups. Cumula-
tive incidence curves of type 2 diabetes by treatment group
were constructed by comparing Nelson–Aalen cumulative
hazard function estimates that were calculated at different
time points of the trial and by using the 2-sided log-rank
test (20). In unadjusted analyses, incidence data were sta-
tistically analyzed by calculating relative risks as the ratios
of the incidence density for the treatment groups, with
corresponding 95% CIs. P values were derived from log-
rank tests. In adjusted analyses, hazard ratios and 95% CIs
were calculated by using the Cox proportional hazard
model, which allowed adjustment for age, BMI (continu-

ous variable), sex, and smoking status at baseline as covari-
ates. We decided a priori to adjust for these diabetes risk
factors regardless of whether they differed between treat-
ment groups. Tests of proportional hazards assumptions
were based on Schoenfeld residuals (21). The tests showed
that the proportional hazard assumption was not violated
for any variable used in the model. Modification of associ-
ation by median age (65 years), sex, smoking status, and
BMI tertiles at randomization was tested by using the
Mantel–Haenszel test for heterogeneity in the unadjusted
models. The statistical significance of the interaction be-
tween each baseline characteristic and treatment group, ad-
justed for other important baseline variables, was tested in
Cox proportional hazards models that included this inter-
action and the corresponding main effect terms. None of
these interactions achieved a conventional level of statisti-
cal significance (P � 0.05). Similarly, a test of interaction
between selenium treatment and vitamin supplements was
not significant and was therefore not included in the multi-
variate analysis.

We also assessed the statistical association between the
incidence of type 2 diabetes and baseline plasma selenium
level. On the basis of the distribution among the 1202
participants who did not have type 2 diabetes at baseline,
we divided baseline plasma selenium levels at the median

Figure 2. Flow diagram of the Nutritional Prevention of
Cancer Trial, 1983–1996.
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(�113.4 ng/mL and �113.4 ng/mL) and at tertiles
(�105.2 ng/mL, 105.3 to 121.6 ng/mL, and �121.6 ng/
mL). We assessed the association of selenium supplemen-
tation with the incidence of type 2 diabetes within these
subgroups by using the same techniques as for analyses
within subgroups of baseline age, BMI, sex, and smoking
status. All statistical analyses were done by using STATA,
version 9.0 (Stata, College Station, Texas).

Role of the Funding Source
This study was not supported by funding.

RESULTS

Table 1 shows selected baseline characteristics of the
1202 participants at randomization. The treatment groups
were well balanced for baseline characteristics, with no dif-
ferences in the distribution of variables between groups.

During an average follow-up of 7.7 years (SD, 2.7), 97
new cases of type 2 diabetes were diagnosed overall, for an
incidence of 10.5 cases per 1000 person-years. This rate is
similar to that in other studies of largely white populations
(22, 23). However, the cumulative incidence of type 2
diabetes was higher among those receiving selenium than
among those receiving placebo throughout the trial (Figure
3). Of the 97 new cases of type 2 diabetes, 58 developed in
the selenium group and 39 developed in the placebo group
(incidence, 12.6 cases per 1000 person-years vs. 8.4 cases
per 1000 person-years, respectively; hazard ratio, 1.55
[95% CI, 1.03 to 2.33]). The lack of benefit of selenium
supplementation on the incidence of type 2 diabetes per-
sisted when analyses were stratified by age, sex, smoking
status, and BMI (Table 2).

Despite the lack of statistically significant interactions
between treatment group and baseline covariates, the risk

for type 2 diabetes was consistently higher in the selenium
group within all subgroups of baseline age, sex, smoking
status, and BMI. However, in analyses stratified by BMI
tertiles, the risk for type 2 diabetes did not differ between
treatment groups within the top tertile of BMI.

Finally, because the published literature indicates that
a relative deficiency of selenium may be associated with
diabetes (12), we explored the effect of selenium supple-
mentation on the incidence of type 2 diabetes within sub-
groups defined by the median and by tertiles of baseline
plasma selenium level (Table 3). An exposure–response
gradient (P � 0.038) was found across tertiles of baseline
plasma selenium level, with a statistically significant in-
creased risk for type 2 diabetes in the top tertile (hazard
ratio, 2.70 [CI, 1.30 to 5.61]). Likewise, a statistically sig-
nificant increased risk for type 2 diabetes was observed in
individuals with plasma selenium levels greater than the
baseline median value (hazard ratio, 2.50 [CI, 1.32 to 4.77]).

DISCUSSION

We examined the effect of long-term supplementation
with 200 �g of selenium daily on the incidence of type 2
diabetes during the blinded phase of the NPC trial (mean
follow-up, 7.7 years) among 1202 participants who did not
have type 2 diabetes at baseline. Selenium supplementation
did not seem to confer benefit in terms of risk for type 2
diabetes in this sample of persons from low-selenium areas
in the eastern United States. Instead, the cumulative inci-
dence of type 2 diabetes was statistically significantly
higher in the selenium group than in the placebo group.
Examination of baseline covariates did not change the re-
sults, and risks for disease among participants receiving
selenium were consistently higher across subgroups of base-
line age, sex, smoking status, and BMI, except in partici-
pants within the top tertile of BMI. Moreover, the risk for
type 2 diabetes associated with selenium supplementation

Table 1. Baseline Characteristics*

Characteristic Selenium Group Placebo Group

Participants randomly assigned, n 600 602
Mean age (SD), y 63.4 (10.2) 63.0 (9.9)
Mean education (SD), y 12.9 (3.4) 12.9 (3.3)
Men, % 74.0 75.0
Mean body mass index (SD), kg/m2 25.6 (3.9) 25.5 (4.1)
Mean follow-up (SD), y 7.7 (2.8) 7.7 (2.7)
Smoking status, %†

Never 34.0 30.0
Former 39.0 40.0
Current 27.0 30.0

Mean pack-years of smoking (SD) 56.8 (40.3) 56.6 (39.0)
Mean alcohol use (SD), drinks/d‡ 1.9 (3.1) 1.6 (2.9)
Plasma selenium level, ng/mL

Mean (SD) 114.4 (22.6) 114.0 (21.5)
33rd percentile 105.6 104.8
50th percentile 113.6 113.2
66th percentile 122.4 121.2

Participants who use vitamin
supplements, %

39.8 36.4

* No difference between treatment groups was statistically significant (P � 0.05).
† Calculated after excluding never-smokers.
‡ Calculated after excluding nondrinkers.

Figure 3. Cumulative incidence of type 2 diabetes.
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increased statistically significantly with greater baseline
plasma selenium levels. Thus, these findings indicate no
overall efficacy of selenium supplementation in the primary
prevention of type 2 diabetes; conversely, they suggest that
long-term supplementation with 200 �g of selenium daily
may adversely affect glucose metabolism. The findings are
potentially important because selenium supplements in
doses of 30 to 200 �g are widely used by the public in the
United States and other Western countries (24).

Whereas many observational studies, a few random-
ized clinical trials, and a meta-analysis have addressed the
role of selenium as a cardiovascular protective factor (15,
25), few data are available on the effects of selenium on
insulin resistance and risk for type 2 diabetes in humans.
Experimental evidence from in vivo and in vitro studies

suggests that selenium may mediate many insulin-like ac-
tions, thus enhancing insulin sensitivity (7–9). Potential
adverse effects on glucose metabolism have been described
in animal models of high-selenium diets (10). McClung
and colleagues (26) reported the development of insulin
resistance and obesity in mice with elevated expression of
glutathione peroxidase 1, which is the most abundant sel-
enoprotein in mammals. Li and associates (27) found that
overexpression of catalase and metallothionein, 2 cytoplas-
mic antioxidants, accelerated spontaneous diabetes and al-
tered insulin signaling in mice.

A few investigations have specifically addressed the ef-
fects of selenium on glucose metabolism and type 2 diabe-
tes in humans. In a study examining the effects of 3
months of dietary selenium supplementation on biomark-

Table 2. Incidence of Type 2 Diabetes

Characteristic Cases, n Cumulative
Incidence, cases per
1000 person-years

Relative Risk
(95% CI)*

Log-Rank
P Value

P Value
for Hetero-
geneity†

Hazard Ratio
(95% CI)‡

P
Value‡

P Value
for Inter-
action§

Selenium
Group

Placebo
Group

Selenium
Group

Placebo
Group

All participants 58 39 12.6 8.4 1.50 (0.98–2.30) 0.05 1.55 (1.03–2.33) 0.03
Age

�65 y 25 18 9.8 6.7 1.47 (0.77–2.85) 0.21 0.81 1.53 (0.83–2.82) 0.17 0.88
�65 y 33 21 15.9 10.8 1.47 (0.83–2.67) 0.16 1.60 (0.92–2.76) 0.09

Sex
Female 9 8 6.8 6.3 1.10 (0.37–3.22) 0.87 0.46 1.38 (0.52–3.64) 0.51 0.54
Male 49 31 14.8 9.2 1.60 (1.00–2.61) 0.04 1.62 (1.04–2.55) 0.03

Smoking status
Never 15 12 9.1 8.2 1.11 (0.49–2.60) 0.74 0.65 1.16 (0.54–2.49) 0.70 0.53
Former 30 18 17.2 10.0 1.74 (0.94–3.30) 0.06 1.67 (0.93–3.00) 0.09
Current 13 9 10.4 6.6 1.58 (0.63–4.19) 0.30 1.70 (0.71–4.00) 0.24

Body mass index
�23.71 kg/m2 11 6 6.7 3.5 1.94 (0.66–6.38) 0.18 0.11 1.76 (0.64–4.80 0.27 0.15
23.72–26.76 kg/m2 20 6 12.6 4.2 3.09 (1.21–9.16) 0.01 2.81 (1.12–7.04) 0.03
�26.76 kg/m2 27 27 19.6 19.1 1.02 (0.58–1.81) 0.90 1.09 (0.64–1.87) 0.74

* Derived from incidence rate ratios.
† Mantel–Haenszel test.
‡ Derived from a Cox proportional hazards model adjusted for age, sex, body mass index, and smoking status.
§ For (treatment group � factor) cross-product term in a separate Cox proportional hazards model.

Table 3. Incidence of Type 2 Diabetes, by Baseline Plasma Selenium Level

Baseline Plasma
Selenium Level

Cases, n Cumulative
Incidence, cases per
1000 person-years

Relative Risk
(95% CI)*

Log-Rank
P Value

P Value
for Hetero-
geneity†

Hazard Ratio
(95% CI)‡

P
Value‡

P Value
for Inter-
action§

Selenium
Group

Placebo
Group

Selenium
Group

Placebo
Group

Median
�113.4 ng/mL 26 25 11.1 10.7 1.03 (0.57–1.86) 0.89 0.06 1.04 (0.60–1.80) 0.89 0.028
�113.4 ng/mL 32 14 14.1 6.1 2.31 (1.20–4.69) 0.007 2.50 (1.32–4.77) 0.005

Tertile
�105.2 ng/mL 18 18 11.6 11.3 1.03 (0.50–2.09) 0.92 0.21 1.13 (0.58–2.18) 0.72 0.038
105.3–121.6 ng/mL 14 10 8.8 6.5 1.35 (0.56–3.40) 0.46 1.36 (0.60–3.09) 0.63
�121.6 ng/mL 26 11 17.5 7.3 2.40 (1.14–5.39) 0.01 2.70 (1.30–5.61) 0.008

* Derived from incidence rate ratios.
† Mantel–Haenszel test.
‡ Derived from a Cox proportional hazards model adjusted for age, sex, body mass index, and smoking status.
§ For (treatment group � factor) cross-product term in a separate Cox proportional hazards model.
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ers of vascular complications in 56 patients with type 2
diabetes, patients who received selenium had a statistically
significant reduction in the activity of nuclear factor-�B
(11). Findings from the Health Professionals Follow-up
Study showed lower toenail levels of selenium among dia-
betic men (with or without cardiovascular disease) than
among healthy control participants (12). Although the
SU.VI.MAX trial showed no effect of combined supple-
mentation with antioxidants, including selenium (100 �g/
d), on fasting plasma glucose levels after 7.5 years of fol-
low-up (13), analysis of the longitudinal association of
baseline plasma antioxidants and fasting plasma glucose (at
both baseline and follow-up) revealed a statistically signif-
icant association between baseline plasma selenium levels
and fasting plasma glucose levels. Furthermore, Chen and
coworkers (28) reported a strongly positive correlation be-
tween glutathione peroxidase activity and insulin resistance
in nondiabetic women during normal pregnancy. Finally, a
recent study of 8876 persons in the United States reported
that many people had blood selenium levels that were
higher than the lower limit of the upper tertile in the NPC
trial and that high serum selenium levels (�137.66 ng/
mL) were associated with diabetes (29).

To our knowledge, our study is the largest completed
randomized clinical trial to date that has examined the
efficacy of selenium supplementation alone in the preven-
tion of type 2 diabetes. The results indicate that long-term
selenium supplementation at 200 �g/d may increase the
risk for diabetes, thus raising concerns about the prolonged
use of dietary supplements with selenium in terms of glu-
cose metabolism and insulin resistance.

Evidence on potential mechanisms that explain these
findings is limited. Selenium is a trace mineral with a nar-
row therapeutic window and large interindividual variabil-
ity in metabolic sensitivity (30, 31). Much has been pub-
lished on the adverse health effects of long-term exposure
to selenium compounds in humans. In particular, the en-
docrine system may show early manifestations of toxicity
induced by excess selenium. For example, Hawkes and
Keim (32) reported the onset of subclinical hypothyroid-
ism in healthy men given a high-selenium diet (about 300
�g/d) for 99 days, leading to body weight increases. Di-
etary selenium may adversely affect growth hormone me-
tabolism by suppressing the production of insulin-like
growth factor I (33), which has a documented influence on
the control of glucose homeostasis (34). Data from animal
models suggest that high-selenium diets may stimulate the
release of glucagon, thus leading to hyperglycemia (10).
Finally, the NPC trial was conducted in a region where the
average dietary selenium intake is 90 �g/d; this value is low
for the United States but is much greater than that re-
quired to optimize selenoenzyme activities (35). In partic-
ular, the upper value of the bottom tertile in our analysis
(105.2 ng/mL) is greater than the level needed for optimal
activity of glutathione peroxidase; thus, long-term supple-
mentation with 200 �g of selenium daily may have led to

overexpression of this enzyme, which in turn may have
contributed to these unexpected results, as found in animal
models (26, 27).

Despite our findings, some evidence suggests that se-
lenium supplementation may have a role in cancer preven-
tion (16, 17). Ongoing, large randomized clinical trials are
addressing this question and will probably provide more
convincing evidence (36).

Our study has limitations. First, the incidence of dia-
betes was not a primary end point of the NPC trial. Our
findings must be interpreted cautiously because they result
from exploratory analyses, albeit from the largest com-
pleted randomized clinical trial in which selenium alone
was the intervention.

Second, diagnosis of type 2 diabetes was self-reported,
which may have led to some misclassification (under-
diagnosis) at baseline or during the trial. However, given
the randomized design, blinding, and documentation of
the diagnosis by using medical records in our study, differ-
ential misclassification according to treatment assignment
is unlikely. The effect of nondifferential misclassification
would probably be to underestimate the true relative risk
and decrease the statistical power of our study (37). How-
ever, the incidence rates that we observed are similar to
national figures in the United States (38).

Third, although the incidence estimates were adjusted
for potential confounders, such as age, sex, smoking status,
and BMI, detailed information on unmeasured risk factors
at baseline, such as family history of diabetes, body fat
distribution, and physical activity, are lacking. However,
randomization should have minimized the likelihood of
confounding by these factors, as shown by the lack of sig-
nificant differences in the evaluated baseline characteristics
between treatment groups.

Fourth, the NPC sample consisted of elderly individ-
uals (mean age, 63.2 years) from low-selenium areas in the
eastern United States who had a history of nonmelanoma
skin cancer. The generalizability of our findings to other
groups may therefore be limited.

Finally, we cannot rule out the role of chance in our
findings. The exposure–response gradient across tertiles of
baseline plasma selenium levels seems to indicate that the
observed associations are unlikely to be due to chance.
However, a few more cases of diabetes in the placebo group
would attenuate the main effect of selenium treatment and
produce null findings.

In contrast to the limitations, a strong point of our
study is the high adherence to the intervention, as indi-
cated by the constant differences in plasma selenium levels
between treatment groups throughout the trial.

In summary, we found no overall efficacy of supple-
mentation by selenium alone in the prevention of type 2
diabetes. In contrast, long-term dietary supplementation
with selenium may increase risk for this disease.
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