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Abstract
Background: Selenium, an essential micronutrient, has received considerable attention for its
antioxidant properties. In addition, selenium may affect several cardiometabolic risk factors, such as
glucose homeostasis and lipid concentrations. However, the effects of selenium intake on the lipid
profile in selenium-replete populations, such as the United States, are largely unknown.

Objective: We examined the relation of serum selenium concentrations with serum lipids in a
representative sample of US adults.

Design: This was a cross-sectional analysis of 5452 men and women aged ≥ 20 y participating in
the third National Health and Nutrition Examination survey. Serum selenium was measured by
atomic absorption spectrometry.

Results: The multivariable adjusted differences in total cholesterol, LDL cholesterol, HDL
cholesterol, apolipoprotein B (apo B), and apolipoprotein A-I (apo A-I) comparing the highest with
the lowest quartile of serum selenium were 16.6 mg/dL (95% CI: 11.6, 21.4 mg/dL), 10.9 mg/dL
(95% CI: 6.4, 15.4 mg/dL), 3.2 mg/dL (95% CI: 1.6, 5.0 mg/dL), 8.9 mg/dL (95% CI: 5.6, 12.2 mg/
dL), and 6.9 mg/dL (95% CI: 1.7, 12.1 mg/dL), respectively. Participants in the highest quartile of
serum selenium had 10% higher concentrations of triacylglycerols than did participants in the lowest
quartile (ratio of triacylglycerol concentrations: 1.10; 95% CI: 1.05, 1.17). The difference in the ratios
of LDL cholesterol to HDL cholesterol and apo B to apo A-I that compared the highest with the
lowest selenium quartiles were 0.11 (95% CI: −0.02, 0.25) and 0.03 (95% CI: 0.00, 0.06),
respectively.

Conclusion: Elevated serum selenium was associated with elevated serum concentrations of total
cholesterol, LDL cholesterol, HDL cholesterol, triacylglycerols, apo B, and apo A-I among US
adults, a selenium-replete population. Experimental studies are needed to determine cause and effect
relations and the potential mechanisms underlying these associations.
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INTRODUCTION
Selenium, an essential micronutrient, has received considerable attention for its antioxidant
properties mediated through glutathione peroxidases and other selenoproteins (1,2).
Glutathione peroxidase synthesis, however, plateaus with increasing selenium concentrations.
In the United States, a country with relatively high selenium intake, 99% of US adults have
serum selenium concentrations > 95 ng/mL (3), well above the concentration needed to
maximize the activity of glutathione peroxidases. In selenium-replete populations such as the
United States, other effects of selenium not related to its antioxidant properties may thus be
the primary determinants of the beneficial or harmful effects of selenium intake population-
wide.

In rats, selenium supplementation increased LDL-receptor activity and mRNA expression (4)
and decreased β-hydroxy-β-methylglutaryl coenzyme A reductase mRNA expression,
resulting in lower concentrations of total cholesterol, LDL cholesterol, and apolipoprotein B
(apo B) (5). As a consequence, it was proposed that selenium intake may beneficially affect
the lipid profile (4,5). In humans, randomized trials of the effect of selenium intake or
supplementation on lipid concentrations are limited to studies in which selenium was given in
combination with other vitamins or minerals (6,7) or to small short-term studies (8,9).
Observational studies of the association between selenium and lipids are inconsistent, finding
positive associations of serum selenium with total cholesterol (6,10-14), with LDL cholesterol
(10,14), or with HDL cholesterol or the ratio of HDL cholesterol to total cholesterol (HDL
cholesterol:total cholesterol) (8,14-17). Those studies were conducted mostly in populations
with relatively low serum concentrations of selenium, and their generalizability to a selenium-
replete population is uncertain (6-17).

Recent randomized and observational evidence indicate that high selenium exposure in
selenium-replete populations may increase diabetes risk (18-20). Because of current interest
in selenium for chronic disease prevention, it is important to understand the full range of effects
of high selenium exposure on cardiovascular risk factors, including lipids. The objective of
this analysis was thus to evaluate the association of serum selenium concentrations with serum
lipid concentrations in US adults with the use of data from the third National Health and
Nutrition Examination Survey (NHANES III).

SUBJECTS AND METHODS
NHANES III, conducted from 1988 to 1994, used a stratified multistage probability cluster
design to obtain a representative sample of the civilian noninstitutionalized US population
(21). For the present study, we selected 7129 participants from NHANES III, aged ≥20 y, who
participated in the morning medical examinations and fasted ≥9 h. We then excluded 114
women who were pregnant at the time of the survey; 339 participants with missing serum
selenium data; 179 participants with missing lipid concentrations or with triacylglycerols >
400 mg/dL, precluding LDL-cholesterol estimation; 538 participants with missing values on
other variables of interest; and 507 participants with a history of cardiovascular disease or
cancer. The final analyses were based on a total of 5452 NHANES III participants. In NHANES
III, apolipoprotein A-I (apo A-I) and apo B were measured only during 1988–1991; therefore,
apolipoprotein concentrations were only available on 2589 participants.

NHANES III study protocols were approved by the National Center for Health Statistics
Institutional Review Board. Oral and written consent was obtained from all participants.
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Data collection and measurements
The laboratory procedures and quality control methods for serum measurements of selenium,
lipids, and apolipoprotein were described before (22,23). To measure serum selenium, whole
blood was collected in containers previously screened for selenium contamination. After
clotting and centrifugation, serum was collected, frozen at −20 °C, and shipped to the
laboratory. Serum selenium was measured with the use of atomic absorption spectrometry
(22,24,25). The limit of detection was 8 ng/mL. The between-assay CV for quality control–
pooled samples analyzed throughout the duration of the survey ranged from 4.0% to 6.4%
(22).

Serum lipids were measured at the Lipoprotein Analytic Laboratory at the Johns Hopkins
University in Baltimore, MD. Total cholesterol, triacylglycerols, and HDL cholesterol were
measured with the use of a Hitachi 704 Analyzer and reagents from Roche/Boehringer
Mannheim Diagnostics (Indianapolis, IN), and LDL-cholesterol concentrations were
calculated with the use of the Friedewald formula (26). Apo A-I and apo B were measured by
radial immunodiffusion or rate immunonephelometry, and results were converted to values
based on the World Health Organization–International Federation of Clinical Chemistry and
Laboratory Medicine International Reference Materials (23).

Other laboratory procedures were described in detail (22). In brief, serum C-reactive protein
was measured by latex-enhanced nephelometry, a low-sensitivity assay, serum creatinine by
the Jaffé-modified kinetic method, and serum cotinine by HPLC and atmospheric-pressure
chemical ionization tandem mass spectrometry.

Information about age, sex, race-ethnicity, education, family income, menopausal status,
cigarette smoking, alcohol consumption, physical activity, history of cardiovascular disease
and cancer, use of cholesterol-lowering medication, and use of vitamin-mineral supplements
was based on interview questionnaires (21). Body mass index (in kg/m2) was calculated.
Diabetes mellitus was defined as a plasma glucose ≥ 126 mg/dL, a self-report of a physician
diagnosis of diabetes, or current medication use. Glomerular filtration rate was estimated by
the formula from the Modification of Diet in Renal Disease Study after alignment of serum
creatinine concentration with the assay used to develop the formula (27,28).

Statistical methods
Participants were divided into quartiles of serum selenium concentration based on the weighted
population distribution. Serum triacylglycerol concentrations were markedly right skewed and
were log10 transformed for statistical analyses. We used multivariable linear regression to
estimate the differences (95% CIs) in concentrations of serum total cholesterol, LDL
cholesterol, HDL cholesterol, log10-triacylglycerols, apo B, apo A-I, ratio of LDL cholesterol
to HDL cholesterol, and ratio of apo B to apo A-I (apo B:apo A-I) comparing the 3 highest
quartiles of serum selenium with the lowest quartile. Because triacylglycerols were log10-
transformed, the results of the regression models for triacylglycerols are reported as ratios in
triacylglycerol concentrations, comparing the 3 highest quartiles of serum selenium with the
lowest quartile. To further explore the shape of the relation between serum selenium and serum
lipids, we used restricted cubic splines with knots at the 5th, 35th, 65th, and 95th percentiles
of the serum selenium distribution (29).

We fitted 3 models with progressive levels of adjustment. Model 1 was adjusted for age, sex,
and race-ethnicity. Model 2 was further adjusted for education, family income, menopausal
status, cigarette smoking, serum cotinine, alcohol consumption, physical activity, and body
mass index. Model 3 was further adjusted for use of cholesterol-lowering medication, vitamin-
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mineral use, glomerular filtration rate, C-reactive protein, diabetes mellitus, thyroxin, and
thyroid-stimulating hormone.

The association of serum selenium concentrations as a continuous variable with serum
concentrations of LDL cholesterol, HDL cholesterol, and triacylglycerol was determined for
subgroups defined by sex, age, race-ethnicity, smoking status, alcohol consumption, body mass
index, vitamin-mineral supplement use, and cholesterol-lowering medication use. From those
models we estimated the difference in lipid concentrations comparing the 80th (137.7 ng/mL)
with the 20th (111.4 ng/mL) percentile of the selenium distribution, assuming a linear dose-
response relation between selenium and LDL cholesterol, HDL cholesterol, and
logtriacylglycerols. Although we used a comparison between the 80th and 20th percentiles,
the statistical significance of these analyses would be the same if we had used other percentiles
for comparison. P values for the interactions were obtained with the use of Wald tests. Data
were analyzed with the use of SUDAAN (version 9.0; Research Triangle Institute, Research
Triangle Park, NC) to account for the NHANES weights and complex design.

RESULTS
The mean serum concentration of selenium in study participants was 125.7 ng/mL. On average,
participants with higher selenium concentrations were more likely to be men, non-Hispanic
white, and high school educated (Table 1). Serum selenium concentrations were inversely
associated with body mass index, C-reactive protein, and the prevalence of smoking.

Higher serum concentrations of selenium were associated with higher concentrations of serum
lipids and apolipoproteins. The multivariable-adjusted differences in total cholesterol, LDL
cholesterol, HDL cholesterol, apo B, and apo A-I, comparing the highest with the lowest
quartile of serum selenium were 16.6 mg/dL (95% CI: 11.6, 21.4 mg/dL), 10.9 mg/dL (95%
CI: 6.4, 15.4 mg/dL), 3.2 mg/dL (95% CI: 1.6, 5.0 mg/dL), 8.9 mg/dL (95% CI: 5.6, 12.2 mg/
dL), and 6.9 mg/dL (95% CI: 1.7, 12.1 mg/dL), respectively (Table 2). After multivariable
adjustment, participants in the highest quartile of serum selenium had 10% higher
concentrations of triacylglycerols than did participants in the lowest quartile (ratio of
triacylglycerol concentrations: 1.10; 95% CI: 1.05, 1.17) (Table 3. Spline regression models
showed relatively linear increases in serum lipids and apolipoproteins by serum selenium
concentrations (Figure 1). The multivariable-adjusted differences in LDL cholesterol:HDL
cholesterol and apo B:apo A-I, comparing the highest with the lowest quartile of serum
selenium, were 0.11 (95% CI: −0.02, 0.25) and 0.03 (95% CI: 0.00, 0.06), respectively (Table
4).

When the associations of serum selenium concentrations with serum LDL cholesterol, HDL
cholesterol, and triacylglycerols were evaluated by study subgroups (Figure 2 and Figure 3),
none of the interactions were statistically significant except for the interaction of serum
selenium and sex on serum HDL cholesterol (P < 0.001) and the interaction of serum selenium
and race on serum HDL cholesterol (P = 0.03).

DISCUSSION
In this large cross-sectional study, conducted in a representative sample of the US population,
serum selenium concentrations were positively associated with serum concentrations of total
cholesterol, LDL cholesterol, HDL cholesterol, apo B, apo A-I, and triacylglycerols. The
associations were moderately strong and relatively linear, and they persisted after adjustment
for age, sex, race, thyroid hormone concentrations, supplement use, or other traditional
cardiovascular risk factors. The rigorous methods and the detailed quality control procedures
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of NHANES III, the large sample size, and the representative nature of the population sample
add to the strength of these findings.

Serum selenium concentrations were also positively associated with total-cholesterol
concentrations in several cross-sectional studies conducted in Denmark (11), France (6,14),
Italy (13), Norway (only among women) (12), and Spain (10). In those studies, average serum
concentrations of selenium ranged from 76 ng/mL (10) to 125 ng/mL (12). Three small studies
conducted in the Netherlands (n = 82) (30), Portugal (n = 126) (15), and Finland and Japan
(n = 60) (31) reported no relation between serum concentrations of selenium and total
cholesterol. Another small study of Japanese women (n = 127) found a positive relation of
serum concentrations of selenium with total cholesterol among premenopausal women but not
among postmenopausal women (32). Finally, in 142 women from Korea (16), participants in
the highest selenium quartile had lower concentrations of total cholesterol, although the
associations were not adjusted by age, and selenium concentrations were inversely related to
age in that study. Except in a few small studies that were subject to greater random variability,
the association of selenium with total-cholesterol concentrations seems largely consistent
across populations.

Few studies have evaluated the association of serum selenium with the different components
of the lipid profile, and the relations appear to differ across studies. For instance, 1 study
reported a positive association between selenium and LDL cholesterol (10), whereas 2 studies
reported no association (14,17); 2 studies reported a positive association with HDL cholesterol
(14,17), whereas 2 other studies did not (11,13). Small sample sizes and selective reporting of
findings may explain some of those inconsistencies. Moreover, none of the studies that
evaluated triacylglycerols found a positive association with serum selenium concentrations
(6,11-13). Specifically, the SU.VI.MAX study found no association between selenium and
triacylglycerols. Selenium concentrations in the SU.VI.MAX study (x̄ ± SD: 89.6 ± 15.8 ng/
mL in men; 85.7 ± 15.0 ng/mL in women) were substantially lower than those in NHANES
III. This finding could reflect a differential association of selenium with serum lipids in
selenium-deficient compared with selenium-replete populations.

Evidence from randomized clinical trials on the effects of selenium supplementation on the
lipid profile is limited. In 2 large trials, selenium supplementation was administered in
combination with other vitamins and minerals (6,7), and the effects of selenium cannot be
isolated. The SU.VI.MAX study randomly assigned participants to 100 μg selenium, 120 mg
vitamin C, 30 mg vitamin E, and 20 mg zinc or to placebo and followed them for 7.5 y. At the
end of follow-up, women in the active intervention group had higher concentrations of total
cholesterol and men were more likely to use lipid-lowering medication than were participants
in the placebo group (6). In the Shandong Intervention Trial in Linqu County, China, 204 adults
receiving 37.5 μg selenium, 250 mg vitamin C, and 100 IU vitamin E for 7.3 y had higher
concentrations of total cholesterol and LDL cholesterol at the end of follow-up than did
participants receiving placebo (7). No differences were observed in HDL-cholesterol
concentrations. Two small trials have evaluated the lipid effects of selenium alone in
supplements. In China, 40 healthy tin miners were randomly assigned to supplements with 300
μg selenium or placebo and followed for 1 y (9). At the end of follow-up, cholesterol
concentrations were higher in the selenium group (153 ± 91.2 mg/dL) than in the placebo group
(145 ± 95.7 mg/dL), although this difference was not statistically significant. Finally, a small
Finnish trial randomly assigned 27 healthy medical students to selenium (96 μg/d) or to placebo
for 2 wk. This short course of selenium had no effect on concentrations of total cholesterol,
HDL cholesterol, or triacylglycerol or on HDL cholesterol:total cholesterol (8).

The mechanisms underlying the association of serum selenium with lipid concentrations are
unclear. Selenium could affect lipid concentrations, although the mechanisms proposed so far
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point to decreasing total-cholesterol concentrations with increasing selenium. In rats,
supplementation with 1 μg/g Se increased LDL-receptor activity and mRNA expression, an
effect hypothesized to be mediated through type I 5′-iodothyronine deiodinase. Iodothyronine
deiodinases are selenoproteins involved in activating thyroxine to triiodothyronine, which
increases LDL-receptor gene expression (4). In our study, the association between selenium
and lipid concentrations did not change after adjustment for concentrations of thyroid-
stimulating hormone and thyroxin. Also in rats, supplementation with 1 ppm selenium
decreased apo B concentrations and mRNA expression of β-hydroxy-β-methylglutaryl
coenzyme A reductase, the rate-limiting enzyme in hepatic cholesterol synthesis (5,33).

Alternatively, increased selenium and lipid concentrations could be the consequence of a
common exposure. Selenium is incorporated into selenoproteins as selenocysteine (1,34).
Selenoproteins, including glutathione peroxidases, iodothyronine deiodinases, selenoprotein
P, and thioredoxin reductase, are responsible for the biological functions of selenium (1,3).
Above selenium levels needed to maximize serum selenoprotein concentration and activity
(70–90 ng/mL Se in serum or plasma), increases in serum selenium, however, reflect the
nonspecific incorporation of selenomethionine replacing methionine in albumin and other
serum proteins (3,35,36). Because 99% of the NHANES III participants had serum selenium
> 95 ng/mL (3), variation in selenium concentrations in our study population probably reflect
variation in selenomethionine concentrations but not selenoprotein activity. The association
between selenium and lipid concentrations could then be driven by a common dietary factor
or by general overnutrition, but this association was not modified after adjustment for body
mass index or use of vitamin-mineral supplements.

Because of our cross-sectional design, we cannot determine the cause and effect relation of the
association between selenium and lipid concentrations. Mechanistic studies, conducted in
populations with different selenium repletion status, are needed to establish the causal effect
of selenium on lipid concentrations. In the United States and in other populations with high
selenium exposure, those studies will help clarify the potential chronic toxicity of selenium
concentrations in the high-normal range. Indeed, selenium is known to have a relatively narrow
therapeutic range, and its toxicity is partly related to the ability of some selenium compounds
to generate reactive oxygen species (37-39). The tolerable upper intake amount for selenium
has been set at 400 μg/d by the Institute of Medicine to avoid visible symptoms of selenium
toxicity in sensitive persons (3). Unfavorable effects of selenium on serum lipids and possibly
on diabetes risk (18-20) in selenium-replete populations, such as the United States, could
explain the lack of beneficial effects of selenium on coronary heart disease in studies conducted
in the United States (40-43).

In conclusion, high serum concentrations of selenium were associated with high serum
concentrations of total cholesterol, LDL cholesterol, HDL cholesterol, triacylglycerols, apo B,
and apo A-I among US adults, a selenium-replete population. Ongoing trials of selenium
supplements should monitor serum lipid and apolipoprotein concentrations (44,45). Additional
studies are also needed to determine cause and effect relations and potential mechanisms across
a wide range of selenium exposures.
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FIGURE 1.
Serum lipid and lipoprotein concentrations by serum selenium concentrations, Third National
Health and Nutrition Examination Survey. Dose-response lines are based on restricted cubic
spline transformations with 4 knots. Results were adjusted for education, family income,
postmenopausal status for women, cigarette smoking, serum cotinine, alcohol consumption,
physical activity, body mass index, cholesterol-lowering medication use, vitamin-mineral
supplement use, glomerular filtration rate, C-reactive protein, diabetes mellitus, thyroid-
stimulating hormone, and thyroxine.
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FIGURE 2.
Differences in serum concentrations of LDL cholesterol and HDL cholesterol comparing the
80th (137.7 ng/mL) with the 20th (111.4 ng/mL) percentile of the serum selenium distribution.
Differences (95% CI in parentheses) in concentrations of serum LDL cholesterol and HDL
cholesterol were derived from multiple linear regression models that included serum selenium
concentrations as a continuous variable. Differences were adjusted for age, sex, race-ethnicity,
education, family income, postmenopausal status for women, cigarette smoking, serum
cotinine, alcohol consumption, physical activity, body mass index, cholesterol-lowering
medication use, vitamin-mineral supplement use, glomerular filtration rate, C-reactive protein,
diabetes mellitus, thyroid-stimulating hormone, and thyroxine. The area of each square is
proportional to the inverse of the variance. Horizontal lines represent 95% CIs. None of the
P values for the interactions was statistically significant at the 0.05 level, except for the
interaction of serum selenium and sex on serum HDL cholesterol (P < 0.001) and the interaction
of serum selenium and race on serum HDL cholesterol (P = 0.03). Although we used a
comparison between the 80th and 20th percentiles, the statistical significance of these analyses
would be the same if we had used other percentiles for comparison.
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FIGURE 3.
Ratios of serum triacylglycerol concentrations comparing the 80th (137.7 ng/mL) with the 20th
(111.4 ng/mL) percentile of the serum selenium distribution. Ratios (95% CI in parentheses)
of triacylglycerol concentrations were derived from multiple linear regression models that
included serum selenium concentrations as a continuous variable. Ratios were adjusted for age,
sex, race-ethnicity, education, family income, postmenopausal status for women, cigarette
smoking, serum cotinine, alcohol consumption, physical activity, body mass index,
cholesterol-lowering medication use, vitamin-mineral supplement use, glomerular filtration
rate, C-reactive protein, diabetes mellitus, thyroid-stimulating hormone, and thyroxine. The
area of each square is proportional to the inverse of the variance. Horizontal lines represent
95% CIs. None of the P values for the interactions was statistically significant at the 0.05 level.
Although we used a comparison between the 80th and 20th percentiles, the statistical
significance of these analyses would be the same if we had used other percentiles for
comparison.
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