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A B S T R A C T

Objectives: This study aimed to examine the cross-sectional association between dietary and serum selenium
measures and depressive symptoms among a nationally representative sample of US adults.
Methods: Dietary selenium intake and serum selenium concentration were evaluated on 7725 adult partici-
pants from National Health and Nutrition Examination Survey (NHANES) 2011�2014. Participants’ selenium
intake, assessed by 24-h recall, was classified based on the recommended dietary allowance (dietary sele-
nium intake � 55 mg/d) and estimated average requirement (dietary selenium intake � 45 mg/d) criteria.
Serum selenium and depressive symptoms were assessed using inductively coupled plasma mass spectrome-
try and a patient health questionnaire or use of an antidepressant, respectively. Univariate and multivariate
logistic regression, accounting for the complex survey design of NHANES, were employed to estimate the
cross-sectional association between measures of selenium and the presence of depressive symptoms.
Results: The median selenium concentration was 193.9 mg/L (interquartile range = 179.3-209.3). Approxi-
mately 8% of the participants met the case definition for depressive symptoms. Based on the recommended
dietary allowance of selenium, participants not meeting the recommended dietary intake, compared with
those meeting the requirement, had higher odds of depressive symptoms (odds ratio [OR] = 1.57, 95% confi-
dence interval [CI]: 1.03�2.38). When analyzing by quintile of dietary selenium intakes, compared with the
first quintile, participants in higher quintiles had significantly lower odds of depressive symptoms. However,
based on quintiles of serum selenium and using the first quintile as referent category, except for quintile 3,
results indicated a higher but not significant association (quintile 2 [OR = 1.08, 95% CI: 0.73�1.61], quintile 4
[OR = 1.17, 95% CI: 0.89�1.55], and quintile 5 [OR = 1.14, 95% CI: 0.83�1.58]). Power analysis indicated suffi-
cient power. Notably, study participants had a very high serum selenium concentration. The findings,
although not significant, between serum selenium concentrations and depressive symptoms had a U-shaped
association, supported by the current literature.
Conclusions: Our study supports an inverse association between participants recommended dietary intake of
selenium and depressive symptoms. Although results were not statistically significant for the association by
quartile of serum selenium concentrations and depressive symptoms, a U-shaped association was identified.
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Introduction

Depression, the leading cause of poor health and disability,
increased more than 18% in global prevalence between 2005 and
2015 [1]. By setting the theme for World Health Day 2017 as
“Depression, Let's Talk” [2], the World Health Organization urged
people to talk about depression in 2017. Withmore than 300 million
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people worldwide [1] and 1 in 10 adults in the United States [3]
diagnosed, depression is undoubtedly an important issue to address.

Selenium is an essential micronutrient, positively associated
with type 2 diabetes [4,5] and inversely associated with the risk of
coronary heart disease [6] and cancer [7]. Selenium deficiency has
also been linked to neurologic conditions and cognitive decline
[8,9]. However, its causal role in disease etiology has yet to be
established. Selenium, in the form of selenoprotein, protects the
brain against oxidative damage [10] and is involved in the regula-
tion of the inflammatory response [11]. A biologically plausible
pathway to depression involves inflammation, oxidative stress,
and lower antioxidant levels [12]. Because selenium acts both as an
antioxidant and anti-inflammatory agent [13], increased risk of
depression at a lower level of selenium is possible via an inflamma-
tory and oxidative pathway. In accord with the proposed biological
pathway, epidemiologic studies consistently reported an increased
risk of depressive symptoms among those with lower selenium
concentration in serum [14,15] and nail samples [16] and among
those with lower dietary selenium intake [17]. Recently, studies
suggested an increased risk of depressive symptoms with elevated
selenium levels in serum [14] and toenail samples [18]. The most
recent study from New Zealand [14], among 978 young adults ages
17 to 25 y, identified an optimal range of serum selenium between
82 and 85 mg/L to be associated with reduced risk of depressive
symptoms. The finding is alarming because the average serum sele-
nium concentration of US adults has been estimated at 125.7 mg/L
to 136.7 mg/L [19,20], which is much higher than the upper limit of
the protective range, reported by the study from New Zealand [14].
A similar study from the United States, among 3,735 young adults
ages 20 to 32 y, reported 56% higher odds of having depressive
symptoms with a doubling of the selenium concentration in toenail
samples [18]. However, this study was limited to young adults and
did not measure depression at baseline. A double-blinded, random-
ized controlled trial (RCT) from the UK found no evidence of the
benefits of selenium supplementation on mood in the elderly [21].

The average selenium intakes among the US population age 2 y
and older is 108.5 mg/d from foods and 120.8 mg/d from both foods
and supplements [22]; most Americans meet the daily recom-
mended intake of 55mg/d [23]. The high selenium intake among the
US population is attributable to the high soil content, and subse-
quently high food content [24], and greater use of nutrient supple-
mentation among the US population [25]. In the United States,
approximately 50% of the population take dietary supplements [25],
and around 18% to 19% of adults and children use a dietary supple-
ment containing selenium [25]. In the light of recent evidence sug-
gesting an increased risk of depression with elevated serum
selenium concentrations, and given that both selenium intake and
blood concentration are high among US populations, it becomes
more compelling to provide more evidence on the possible associa-
tion between selenium and depression risk among the US popula-
tion. Therefore this study aims to assess the association between
selenium measures, in terms of dietary intake and concentrations in
serum, and depressive symptoms among a representative sample of
US adults in National Health and Nutrition Examination Survey
(NHANES) 2011 to 2014. Use of NHANES is well suited for our study
because it provides a nationally representative sample of noninstitu-
tionalized US adults and has a rigorous methodology, high response
rate, and comprehensive quality control procedures.

Materials and methods

Study design of NHANES 2011 to 2014

NHANES is a cross-sectional survey of a nationally representative US civilian
noninstitutionalized population of children and adults. The details of NHANES
2011 to 2014 have been reported elsewhere [26�28]. In brief, NHANES uses a
complex, multistage, stratified, clustered sampling to obtain a nationally represen-
tative sample of the US civilian noninstitutionalized population [26�28]. We used
data from the cycles 2011 to 2012 and 2013 to 2014 and combined them following
the National Center for Health Statistics recommendations [29].

Study participants

NHANES 2011 to 2012 included a total of 9338 participants, and NHANES 2013
to 2014 included a total of 9813 participants in the mobile examination. For the
final analyses, we included a total of 7725 individuals, ages 20 and older, who had
a blood selenium measurement available. Individuals were excluded if they were
younger than 20 y (n = 8244) and had missing serum selenium data (n = 3182). The
NHANES sample weighting, taken into consideration during data analyses, corrects
for differential selection probabilities, compensates for possible inadequacies in
the eligible population and adjusts for non-coverage and non-response [29].

Ethical approval

The study procedure for NHANES was approved by the National Center for
Health Statistics Research Ethics Review Board (Protocol #2011-17 and Continua-
tion of Protocol #2011-17) [30]. In NHANES, all participants provided written
informed consent.

Measurements

Depressive symptoms
Depressive symptoms were screened in NHANES 2011 to 2014 by using the

validated Patient Health Questionnaire (PHQ-9) [31]. The PHQ-9 is a nine-item
depression screening instrument that asks about the frequency of symptoms of
depression over the past 2 wk [31]. Each of the nine items’ response included “not
at all,” “several days,” “more than half the days,” and “nearly every day” and were
scored from 0 (not at all) to 3 (nearly every day). The cumulative total of all ques-
tion ranged from 0 to 27. The validity and reliability of PHQ-9 have already been
established [31]. A PHQ-9 score �10 was considered to indicate depressive symp-
toms, following the approach recommended by the National Quality Forum [32].
In addition, participants using antidepressants were also included in the “depres-
sive symptoms” category. Antidepressants included selective serotonin reuptake
inhibitors, selective norepinephrine reuptake inhibitors, tricyclic antidepressants,
monoamine oxidase inhibitors, and others (clomipramine, mirtazapine nefazo-
done, and trazodone), identified from the predefined medication list in the Lexicon
Plus, a proprietary database of Cerner Multum, Inc., used for the NHANES datasets.

Selenium measurements
Two measures of selenium were used: dietary intake and serum concentration.

Dietary intake of selenium was measured via 24-h dietary recall interviews. During
the interview, participants provided details (including the description, amount, and
nutrient content) of food and beverages consumed in the 24-h (midnight to mid-
night) period before the interview. For each participant, estimates of nutrient intake
from each food or beverage, including selenium intake, were calculated using the
US Department of Agriculture's Food and Nutrient Database for Dietary Studies [33].
The nutrient estimates do not include nutrients obtained from dietary supplements
or medications. The protocol and data collection methods are documented else-
where [34]. Two dietary guidelines for US adults, the recommended dietary allow-
ance (RDA) and the estimated average requirement (EAR), were used as references
to categorize participants’ dietary intakes. Accordingly, the dietary intake of sele-
nium was considered EAR adequate if the estimated selenium intake for the partici-
pant was �45 mg/d [35]. Based on RDA recommendation, if the estimated selenium
intake for the participant was�55mg/d, it was considered RDA adequate [35].

Likewise, serum selenium concentrations were measured using inductively
coupled plasma mass spectrometry in the Division of Laboratory Sciences, National
Center for Environmental Health. The details of the NHANES laboratory procedure
are described elsewhere [36]. Briefly, the NHANES quality assurance and quality
control protocols meet the 1988 Clinical Laboratory Improvement Act mandates
[36]. The lower detection limits for seleniumwas 30mg/L [36]. As stated in the lab-
oratory documentation, values less than the limit of detection were replaced with
the value (limit of detection /x2) [36].

Other Covariates

Sociodemographic characteristics
Selection of covariates (age, sex, race or ethnicity, education, marital status,

body mass index [BMI], socioeconomic status [SES], smoking, alcohol drinking,
physical activity, and various comorbidities), were based on existing literature.
Depression is directly associated with increasing age, female gender, race, and
lower SES [37]. Likewise, marital status and educational attainment are correlates
of major depressive disorder, lifetime or at 12 mo [38]. Depression is also associ-
ated with body weight status, smoking, alcohol consumption, and physical
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activities [39]. Depression has also been associated with numerous morbidities
such as diabetes, cardiovascular disease, and cancer [39,40].

Age (in years), sex (binary: male and female), race or ethnicity (categorical:
non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, and
other race or multiracial); educational level (categorical: less than high school,
high school graduate or equivalent, some college, and college graduate or higher)
were self-reported by the participants. Marital status included never married;
married or living with a partner; and widowed, divorced, or separated. BMI, the
ratio of weight-to-height2 measured in kg/m2, was available as a continuous mea-
sure. SES was quantified in terms of poverty income ratio (PIR), a measure of the
ratio of family income to the poverty threshold. PIR is calculated following the US
Department of Health and Human Services’ poverty guidelines, described in detail
elsewhere [41]. We categorized smoking into three categories: never smoker
(smoked <100 cigarettes during their lifetime), former smoker (smoked �100 cig-
arettes during lifetime but did not smoke at the time of interview), and current
smoker (smoked �100 cigarettes during lifetime and reported smoking at the time
of interview). We assessed alcohol intake by lifetime and current alcohol use and
classified into three categories of abstainers, occasional/moderate drinkers, and
heavy drinkers. Those reporting fewer than 12 alcoholic drinks in a lifetime were
considered abstainers. The drinking levels for alcoholic beverages for men and
women was determined based on the Dietary Guidelines for Americans, 2005 [42].
The guidelines recommend a sex-specific cut point of one drink or fewer per day
for women and two drinks or fewer per day for men. Therefore respondents who
consumed alcohol more than the recommended levels were considered heavy
drinkers, whereas the remainder of drinkers were classified as occasional or mod-
erate drinkers. Physical activity (categorical: inactive, low, moderate, and high
activity) was assessed by the Global Physical Activity Questionnaire, which
includes the frequency and duration of physical activity performed during daily
activities, leisure time activities, and sedentary activities [43]. The total metabolic
equivalents (METS)�hours per week of their reported activity was assessed. As
recommended in NHANES [44], vigorous and moderate activities were assigned a
MET score of 8 and 4, respectively. The cumulative MET-hours per week was
divided into tertiles, whereby the lowest, middle, and highest tertiles represented
the low, medium, and high level of physical activity, respectively. Participants
were considered physically inactive if they reported not doing any types of vigor-
ous or moderate work or leisure activity in a typical week. Dietary supplement use
(dichotomized, yes or no) was based on participants’ self-reported use of any vita-
mins, minerals, or dietary supplements in the past month. Participants’ total calo-
rie intake, estimated via 24-h food recall, was the average calorie intake reported
for first and second days of the interview.

Participants were also classified in terms of their health outcomes. Diabetes
was defined as the previous diagnosis of diabetes, current use of diabetic pills or
insulin, a hemoglobin A1c level of �6.5%, a fasting plasma glucose level of
�126 mg/dL, or 2-h plasma glucose level of �200 mg/dL [45]. Heart disease was a
self-reported diagnosis of congestive heart failure, coronary heart disease, angina
pectoris, heart attack, and stroke. Cancer was a self-reported diagnosis of any can-
cer. Kidney disease was defined by ever diagnosis of weak or failing kidneys,
received dialysis in past 12 mo, a glomerular filtration rate <60 mL/min [46], or
presence of microalbuminuria (urine albumin-to-creatinine ratio of �30 mg/g)
[47]. Lung and liver diseases were a self-reported diagnosis of a liver condition and
lung disease (asthma and chronic bronchitis), respectively.
Statistical analyses

Sample weights were adjusted according to NHANES guidelines to generate a
nationally representative sample [29]. Total serum selenium concentration and
dietary selenium intakes were divided into quintiles based on the weighted popu-
lation distribution. Covariate characteristics were compared between those with
and without depressive symptoms, those with and without adequate dietary sele-
nium intakes, and between the quintiles of serum and dietary selenium using Rao-
Scott x2 test. Odds ratios (ORs) and 95% confidence interval (CI) of depressive
symptoms were computed, in univariate and multivariate logistic regression, first
using a binary category of participants meeting and not meeting the recommended
dietary intake of selenium. Again, the analyses were repeated to compare quintiles
of serum and dietary selenium, using the first quintile as the referent category.
Three different models were used to examine the cross-sectional association
between each measure of selenium and depressive symptoms. Model 1 was
adjusted for demographic variables (age, sex, race or ethnicity, and marital status).
In addition to covariates from model 1, model 2 was also adjusted for education,
PIR, BMI, smoking, alcohol, physical activity, and use of dietary supplements. In
the final model, model 3, comorbidities (diabetes, kidney disease, cancer, and heart
disease) and total energy intake were added to the covariates from model 2.
Akaike information criterion and area under the receiver operating characteristic
curve were used as the metrics to assess each model's performance. A two-tailed P
value <0.05 was considered statistically significant. Data analyses were performed
using the survey procedures that accounted for the weights and complex survey
design of NHANES, in SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).
In addition, a power calculation, sensitivity, and subgroup analyses were done.
Given that antidepressant use may also be reported by individuals with anxiety dis-
orders, in a sensitivity analysis we restricted our definition of depressive symptoms
in terms of a PHQ-9 score �10 only to verify if the inclusion of antidepressant use
had any impact on the findings. To verify whether our results also held true for
healthy populations, we performed a sensitivity analysis, restricting the analysis to
individuals without a chronic disease (diabetes, heart disease, cancer, kidney dis-
ease, lung, and liver disease). Because the previous studies reporting an increased
risk of depression at elevated concentrations of serum selenium had young partici-
pants, we performed a subgroup analysis based on age, whereby we categorized
participants into younger (<32 y) and older adults (�32 y). Additional subgroup
analyses were performed based on sex and the use of dietary supplements.

Results

A total of 7725 participants were included in the analyses. The
median PHQ-9 score was 0.9 (interquartile range [IQR]: 0�3.6) and
ranged from 0 to 27. Approximately 8% (n = 1200) of the partici-
pants met the case definition for depressive symptoms (PHQ-9 �
10 or using antidepressant). Table 1 provides detailed characteris-
tics of the study population by depressive symptoms status. On
average, participants with depressive symptoms were older,
female, less educated, had higher BMI and lower PIR, were current
smokers and heavy alcohol users, were without a partner, and
were physically inactive. The median selenium concentration was
192.2 mg/L (IQR = 176.9�208.9) in participants with depressive
symptoms and 194.1 mg/L (IQR = 179.7�209.3) in those without
depressive symptoms (Table 1).

Overall, the median selenium concentration was 193.9 mg/L
(IQR = 179.3�209.3) (Table 1) and ranged from 118.5 mg/L to 391.5
mg/L. The proportion of participants with inadequate daily sele-
nium intake was 8.4% (n = 646) according to RDA criteria and 4.3%
(n = 339) according to EAR criteria. Tables 2 and 3 provide charac-
teristics of the study population by dietary selenium intake (RDA
and EAR criteria) and by serum selenium quintiles, respectively.
Participants with inadequate dietary selenium intake, based on
both RDA and EAR criteria, were more likely to be older, female,
not married or living with a partner, physically inactive or low
activity, and depressed (Table 2). Based on quintiles of dietary
intake, the proportion of participants with depressive symptoms
gradually decreased in higher quintiles (Appendix A).

Likewise, participants in the lowest quintile of serum selenium
were more likely to be older, female, and not married or living
with a partner; have lower PIR; and be a current smoker (Table 3).
A slightly higher proportion of participants were depressed in both
the highest (fourth and fifth) and lowest (first and second) quintiles
of serum selenium compared with the middle quintile (third), but
findings were not statistically significant (Table 3).

Both Akaike information criterion and area under the curve sug-
gested that the model improved with the addition of covariates.
When analyzing data based on dietary intake of selenium, partici-
pants not meeting the RDA of selenium, compared with those meet-
ing the requirement, had higher odds of depressive symptoms
(OR = 1.57, 95% CI: 1.03�2.38) (Table 3). Similarly, participants not
meeting the EAR recommendations were at elevated risk, but the
findings were not statistically significant. When analyzing by quin-
tiles of dietary selenium intake, compared with the first quintile, par-
ticipants in higher quintiles had significantly lower odds of
depressive symptoms (quintile 2 [OR = 0.64, 95% CI: 0.48�0.85), quin-
tile 3 [OR = 0.69, 95% CI: 0.49�0.96], quintile 4 [OR = 0.57, 95% CI:
0.36�0.90], and quintile 5 [OR = 0.60, 95% CI: 0.39�0.94]) (Table 4).

When analyzing in terms of quintiles of serum selenium and
using the first quintile as referent category, results, except for quin-
tile 3, indicated a higher but not significant association (quintile 2
[OR = 1.08, 95% CI: 0.73�1.61], quintile 4 [OR = 1.17, 95% CI:
0.89�1.55], and quintile 5 [OR = 1.14, 95% CI: 0.83�1.58]) (Table 4).



Table 1
Sociodemographic characteristics of the study participants by depression status, NHANES 2011 to 2014

Overall (n = 7725) Depressive symptoms

Absent (n = 6525; 92.1%) Present (n = 1200; 7.9%)
n % (95% CI) % (95% CI) % (95% CI) P

Age, y,median (IQR) 7725 46.4 (32.5�59.7) 45.3 (31.6�59.0) 50.3 (38.2�62.5) <0.001
Sex: Female 3955 51.8 (50.7�53.0) 48.9 (47.6�50.2) 66.1 (63.6�68.6) <0.001
Race <0.001

Non-Hispanic White 866 8.3 (5.5�11.0) 9.0 (6.0�12.0) 4.6 (2.9�6.4)
Non-Hispanic Black 758 6.2 (4.0�8.4) 6.4 (4.3�8.5) 5.5 (2.8�8.2)
Mexican American 3054 66.9 (61.2�72.6) 64.8 (59.1�70.4) 77.3 (71.4�83.2)
Other Race or Multiracial 1815 10.9 (7.7�14.1) 11.5 (8.2�14.7) 8.0 (4.8�11.3)
Other Hispanic 1232 7.8 (6.2�9.3) 8.4 (6.6�10.2) 4.6 (3.4�5.8)

Marital status <0.001
Married/living with partner 4438 61.9 (59.1�64.7) 63.4 (60.1�66.8) 54.3 (51.0�57.7)

Widow, divorced, or separated 1698 18.7 (17.5�19.9) 16.7 (15.6�17.8) 28.6 (24.9�32.4)
Never married 1587 19.4 (16.2�22.6) 19.9 (16.2�23.6) 17.0 (14.7�19.3)

Educational status <0.001
Less than high school 1736 15.8 (13.2�18.4) 15.2 (12.6�17.7) 19.0 (15.2�22.7)
High school graduate 1675 21.1 (19.1�23.1) 20.5 (18.8�22.3) 23.9 (19.1�28.8)
Some college 2350 31.9 (29.6�34.1) 31.8 (29.2�34.3) 32.5 (29.0�35.9)
College graduate or above 1961 31.2 (27.5�34.9) 32.5 (28.9�36.2) 24.6 (19.5�29.7)

PIR, median (IQR) 7104 2.8 (1.3�5.0) 3.0 (1.4�5.0) 2.1 (1.2�4.2) <0.001
BMI, kg/m2, median (IQR) 7631 27.6 (24.1�32.1) 27.3 (24.0�31.7) 29.2 (24.7�34.3) <0.001
Smoking <0.001

Never smokers 4402 56.1 (53.7�58.5) 58.4 (55.8�61.0) 44.6 (40.9�48.4)
Former smokers 1786 24.8 (22.7�26.8) 24.1 (21.8�26.4) 28.1 (25.5�30.7)
Current smokers 1531 19.2 (17.5�20.9) 17.5 (15.9�19.2) 27.3 (23.8�30.8)

Alcohol use 0.026
Nondrinker/abstainers 1027 12.9 (10.7�15.0) 12.7 (10.7�14.8) 13.5 (10.1�16.8)

Moderate/occasional 2357 43.4 (41.0�45.9) 44.4 (41.7�47.1) 38.5 (34.4�42.7)
Heavy 2377 43.7 (41.5�45.9) 42.9 (40.3�45.4) 48.0 (43.5�52.4)

Physical activity <0.001
Inactive 1948 22.5 (20.4�24.6) 19.7 (17.5�21.8) 36.4 (32.1�40.6)
Low 2015 24.9 (23.6�26.2) 24.9 (23.6�26.2) 25.2 (21.7�28.7)
Moderate 1841 25.9 (24.2�27.6) 27.0 (25.0�28.9) 20.8 (17.5�24.1)
High 1908 26.6 (24.6�28.7) 28.5 (26.1�30.8) 17.6 (15.1�20.1)

Used dietary supplements 3827 52.7 (50.7�54.7) 51.8 (49.7�53.8) 57.5 (54.1�60.9) <0.001
Selenium (mg/L),median (IQR) 7725 193.9 (179.3�209.3) 194.1 (179.7�209.3) 192.2 (176.9�208.9) 0.003

BMI, body mass index; CI, confidence interval; IQR, interquartile range; NHANES, National Health and Nutrition Examination Survey; PIR, poverty income ratio.
Values are % (95% CI) unless otherwise mentioned.
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Power analysis (results not shown) for the crude estimates reported
in Table 3 indicated that our study had sufficient power (>99%).

In the sensitivity analysis, based on the definition of depressive
symptoms in terms of a PHQ-9 score only or excluding antidepres-
sant users, the findings for dietary selenium intake were consistent
with the main findings in crude and demographic adjusted models
(Appendix B). Again, restricting the analysis to healthy individuals
(without diabetes, heart disease, cancer, kidney disease, lung, and
liver disease), increased odds of depressive symptoms among par-
ticipants not meeting the dietary selenium requirement compared
with those meeting the requirement (OR = 2.47, 95% CI:
1.52�4.01), were noted (Appendix C). In subgroup analyses based
on age, sex, and dietary supplements use, increased odds of depres-
sive symptoms among participants not meeting the dietary sele-
nium requirement were noted for older age group (32�80 y), men,
and dietary supplement users (Appendix C).

For serum selenium levels, the null findings persisted in the sub-
group analyses based on age, sex, and dietary supplements use, and
in all the sensitivity analyses—first defining depressive symptoms in
terms of a PHQ-9 score only, and second restricting the analysis to
healthy individuals (without diabetes, heart disease, cancer, kidney
disease, lung, and liver disease) (Appendixes B and C).

Discussion

Using the data from NHANES 2011 to 2014, we aimed to exam-
ine the association between measures of selenium (dietary intake
and serum concentrations) and presence of depressive symptoms
among US adults and found increased odds of depressive symp-
toms among participants not meeting the RDA of selenium (com-
pared with those who met the recommendations) and decreased
odds of depressive symptoms in higher quintiles of dietary sele-
nium (compared with the first quintile). Although the results were
not statistically significant for the association by quintiles of serum
selenium concentrations and depressive symptoms, a U-shaped
association was identified.

Our finding of higher odds of depressive symptoms among par-
ticipants with lower dietary selenium intakes is consistent with a
previous nested case-control study that reported an increased risk
of de novo major depressive disorder with lower dietary selenium
intakes [17]. The findings pertaining to the EAR criteria also indi-
cated an elevated risk among participants not meeting the recom-
mendations, but the findings were not statistically significant,
which may be explained by the small number of (n = 339) partici-
pants not meeting the EAR recommendations. An inverse associa-
tion between selenium and depression risk, at a lower
concentration, is biologically possible and could be mediated via
selenoproteins through multiple pathways such as inflammation,
oxidative stress, and a decrease in antioxidant levels [12,13]. How-
ever, such a pathway at the elevated concentrations of serum sele-
nium is not clear.

Our results of a null association between serum selenium con-
centrations and depressive symptoms are in line with a double-
blinded RCT from the UK, the largest RCT to date to investigate the



Table 2
Sociodemographic characteristics of the study participants by dietary selenium intake with reference to estimated average requirement (EAR) and the recommended dietary
allowance (RDA), NHANES 2011 to 2014

Dietary selenium intake Dietary selenium intake

Inadequate RDA
(n = 646, 8.4%)

Adequate RDA
(n = 6396, 91.6%)

Inadequate EAR
(n = 339, 4.3%)

Adequate EAR
(n = 6703, 95.7%)

Characteristics % (95% CI) % (95% CI) P* % (95% CI) % (95% CI) Py

Age, y,median (IQR) 47.2 (33.7�63.0) 46.3 (32.1�59.4) <0.001 47.7 (38.1�63.4) 46.3 (32.1�59.5) <0.001
Sex: Female 77.2 (72.6�81.8) 49.1 (47.6�50.5) <0.001 75.7 (70.3�81.1) 50.3 (49.0�51.7) <0.001
Race 0.095 0.064
Non-Hispanic white 6.9 (4.0�9.9) 8.2 (5.4�11.0) 7.8 (4.2�11.3) 8.1 (5.3�10.9)
Non-Hispanic black 6.0 (2.8�9.2) 5.9 (4.0�7.9) 7.5 (3.5�11.5) 5.9 (4.0�7.8)
Mexican American 67.3 (58.7�75.9) 68.1 (62.7�73.5) 65.9 (56.7�75.2) 68.1 (62.6�73.6)
Other race or multiracial 13.6 (8.8�18.5) 10.4 (7.3�13.5) 14.0 (8.4�19.7) 10.5 (7.3�13.6)
Other Hispanic 6.2 (3.7�8.6) 7.4 (6.0�8.8) 4.8 (2.7�6.9) 7.4 (6.0�8.8)
Marital status <0.001 0.001
Married or living with a partner 51.7 (46.2�57.2) 63.4 (60.4�66.3) 50.2 (40.1�60.3) 62.9 (60.0�65.8)
Widow, divorced, or separated 28.2 (24.4�32.1) 17.3 (16.1�18.5) 29.0 (22.9�35.1) 17.7 (16.5�19.0)
Never married 20.0 (15.0�25.1) 19.4 (16.1�22.7) 20.8 (13.5�28.1) 19.4 (16.1�22.6)
Educational status <0.001 <0.001
Less than high school 21.1 (17.3�24.9) 14.7 (12.1�17.3) 22.1 (16.0�28.2) 15.0 (12.3�17.6)
High school graduate 23.1 (18.6�27.7) 21.0 (18.9�23.2) 29.8 (23.3�36.2) 20.8 (18.7�23.0)
Some college 37.7 (32.0�43.4) 31.6 (29.4�33.8) 35.3 (27.4�43.3) 32.0 (29.7�34.3)
College graduate or above 18.1 (12.6�23.5) 32.6 (28.9�36.4) 12.8 (7.4�18.1) 32.2 (28.5�36.0)
PIR,median (IQR) 1.9 (1.0�3.7) 3.0 (1.4�5.0) <0.001 2.0 (1�3.6.0) 2.9 (1.4�5.0) <0.001
BMI, kg/m2, median (IQR) 27.4 (23.9�32.0) 27.7 (24.1�32.2) 0.415 27.2 (23.9�30.8) 27.7 (24.1�32.3) 0.561
Smoking 0.001 0.196
Never smokers 52.8 (46.8�58.8) 56.2 (53.9�58.5) 54.5 (46.0�63.0) 56.0 (53.6�58.4)
Former smokers 21.8 (16.0�27.6) 25.3 (23.3�27.4) 20.8 (12.0�29.7) 25.2 (23.1�27.3)
Current smokers 25.4 (21.8�29.1) 18.5 (16.8�20.1) 24.7 (17.2�32.3) 18.8 (17.1�20.4)
Alcohol use <0.001 <0.001
Nondrinker or abstainers 20.6 (15.5�25.6) 11.7 (9.7�13.7) 24.8 (17.9�31.7) 11.9 (9.8�13.9)
Moderate or occasional 34.5 (29.5�39.4) 44.4 (41.8�47.0) 27.6 (20.8�34.4) 44.3 (41.8�46.8)
Heavy 45.0 (38.9�51.1) 43.9 (41.6�46.1) 47.6 (39.6�55.5) 43.8 (41.7�45.9)
Physical activity 0.036 0.052
Inactive 27.0 (22.7�31.3) 21.4 (19.1�23.7) 30.4 (23.2�37.5) 21.5 (19.1�23.8)
Low 26.5 (22.2�30.8) 24.6 (23.2�26.0) 23.2 (17.1�29.3) 24.8 (23.6�26.1)
Moderate 23.0 (18.8�27.2) 26.2 (24.3�28.1) 23.7 (18.0�29.5) 26.0 (24.2�27.8)
High 23.5 (19.3�27.7) 27.8 (25.5�30.2) 22.7 (16.4�28.9) 27.7 (25.5�29.9)
Used dietary supplements 53.5 (48.4�58.6) 53.1 (51.0�55.2) 0.854 52.0 (44.3�59.6) 53.2 (51.0�55.4) 0.750
Depression status: Yes 27.9 (21.3�34.5) 16.0 (14.3�17.6) <0.001 24.9 (19.9�30.0) 16.6 (15.0�18.3) <0.001
Selenium (mg/L),median (IQR) 190.3 (172.8�205.1) 194.3 (179.8�209.7) <0.001 190.2 (175.3�207.3) 194.2 (179.6�209.4) 0.0248

BMI, body mass index; CI, confidence interval; IQR, interquartile range; NHANES, National Health and Nutrition Examination Survey; PIR, poverty income ratio.
Values are % (95% CI) unless otherwise mentioned.
*P values comparing participants with adequate and inadequate dietary selenium intakes based on RDA.
yP values comparing participants with adequate and inadequate dietary selenium intakes based on EAR.
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effect of selenium on mood in healthy individuals [21]. In contrast,
it differs from a previous study from the United States [18] and
another study from the New Zealand [14], both of which reported
an increased risk of depressive symptoms with higher concentra-
tions. The discrepancies may be explained by many factors, such as
age range, selenium status, use of dietary supplements, and type of
biospecimen used for assessing selenium concentrations. First,
both the previous studies [14,18] had younger participants. Second,
the participants in the New Zealand study [14] had much lower
serum selenium concentrations (82 mg/L) than our participants;
only 4.7% of our study participants were within their range of 49 to
158 mg/L. Nevertheless, other studies from the United States, using
different cycles of NHANES data, have indicated that Americans
have higher serum selenium concentrations [5,20,48]. High serum
selenium concentrations among US populations was expected
given that their daily selenium intake is high [22] and often
exceeds the daily recommended intake [23]. In addition, 53% of the
participants in our study reported taking dietary supplements,
which is in line with previous estimates, from NHANES 1999 to
2000 [49] and NHANES 2003 to 2006 [25], that found around 50%
of the US population take dietary supplements. The recent study
from New Zealand suggested an inverted J-shaped relationship
between serum selenium concentrations and depressive symptoms
[14]. Furthermore, the current literature suggests an “inextricable
U-shaped link hypothesis” around potential benefits and harms of
selenium [50]. Thus it is possible to identify null findings among
the selenium-replete populations like ours when using linear mod-
els or binary variables.

Notably, inconsistent findings were found for the two methods
of seleniummeasurement (i.e., dietary versus serum). The inconsis-
tent findings may be explained by the fact that dietary selenium
intake may not accurately reflect the estimates of serum selenium
[51,52]. In general, of the two types of biomarkers—recovery and
concentration—recovery types provide more reliable measures of
intake and excretion of nutrients [53], whereas the concentration
biomarkers, such as serum micronutrient levels, cannot provide an
absolute measure of food intake. Rather, they provide correlations
with intake levels [53]. Previous studies provide evidence of no or
weak association between dietary, plasma, and serum selenium
[51,54,55], suggesting that serum selenium level may not be a
good biomarker for selenium intake estimation [51]. Several facts
may explain this weak or absent association between selenium
intakes and concentration in serum. First, although 24-h recall
technique is widely used in epidemiologic studies and surveys, it is



Table 3
Sociodemographic characteristics of the study participants by serum selenium quintiles, NHANES 2011 to 2014

Serum selenium quintiles

Quintile 1 (n = 1662) Quintile 2 (n = 1558) Quintile 3 (n = 1538) Quintile 4 (n = 1447) Quintile 5 (n = 1520)
Characteristics % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) P

Age, y,median (IQR) 47.6 (33.8�61.4) 46.7 (31.9�60.5) 44.1 (31.7�58.0) 46.3 (32.6�60.1) 47.5 (33.2�58.8) <0.001
Sex: Female 59.5 (56.9�62.0) 55.5 (52.4�58.6) 53.3 (49.0�57.5) 46.5 (43.0�50.1) 44.4 (41.3�47.6) <0.001
Race 0.012
Non-Hispanic white 7.1 (3.9�10.2) 8.1 (5.5�10.8) 9.2 (5.9�12.4) 8.8 (5.4�12.3) 8.1 (4.5�11.8)
Non-Hispanic black 7.6 (4.6�10.6) 6.1 (3.2�9.0) 6.6 (3.8�9.3) 5.5 (3.5�7.6) 5.2 (3.4�7.1)
Mexican American 64.4 (54.4�74.3) 65.6 (59.6�71.5) 65.8 (59.9�71.8) 69.7 (64.5�75.0) 69.0 (62.8�75.2)
Other Race/multiracial 14.0 (8.1�19.8) 12.1 (8.2�16.1) 10.7 (7.9�13.6) 8.7 (6.5�11.0) 8.8 (6.4�11.2)
Other Hispanic 7.0 (4.4�9.6) 8.1 (6.2�9.9) 7.7 (5.9�9.5) 7.2 (5.5�8.9) 8.8 (6.9�10.7)
Marital status <0.001
Married or living with a partner 57.0 (52.1�61.8) 61.5 (58.1�64.9) 63.5 (60.6�66.4) 63.9 (60.6�67.3) 63.6 (59.6�67.6)
Widow, divorced, or separated 24.7 (22.1�27.4) 19.4 (16.6�22.2) 18.1 (15.9�20.4) 16.0 (13.4�18.7) 15.3 (12.7�18.0)
Never married 18.3 (13.6�23.0) 19.1 (15.5�22.7) 18.4 (14.9�21.9) 20.0 (17.0�23.1) 21.1 (16.4�25.8)
Educational status 0.030
Less than high school 20.0 (14.9�25.2) 16.1 (12.5�19.7) 15.4 (12.5�18.3) 13.0 (10.4�15.7) 14.6 (12.1�17.1)
High school graduate 23.1 (20.1�26.1) 21.3 (18.2�24.4) 21.7 (19.2�24.1) 19.0 (15.8�22.2) 20.5 (15.6�25.5)
Some college 29.4 (25.1�33.7) 31.2 (27.0�35.4) 32.5 (29.3�35.8) 34.4 (30.8�37.9) 31.9 (28.1�35.7)
College graduate or above 27.5 (21.9�33.0) 31.4 (25.9�36.9) 30.4 (26.8�34.0) 33.6 (29.5�37.8) 32.9 (27.2�38.7)
PIR,median (IQR) 2.1 (1.1�4.4) 3.0 (1.4�5.0) 2.8 (1.4�5.0) 3.1 (1.5�5.0) 3.0 (1.3�5.0) <0.001
BMI, kg/m2, median (IQR) 27.5 (23.9�32.6) 27.0 (23.6�31.4) 28.1 (24.2�32.5) 27.7 (24.2�31.8) 27.8 (24.6�32.2) <0.001
Smoking <0.001
Never smokers 54.7 (50.2�59.2) 57.4 (53.6�61.3) 56.3 (52.7�59.8) 57.6 (53.1�62.0) 54.4 (50.2�58.5)
Former smokers 22.6 (20.0�25.3) 21.5 (17.5�25.6) 23.6 (19.8�27.3) 27.9 (23.9�32.0) 28.1 (24.3�31.9)
Current smokers 22.7 (18.8�26.6) 21.0 (17.8�24.3) 20.2 (17.9�22.4) 14.5 (12.1�16.9) 17.5 (14.3�20.7)
Alcohol use <0.001
Nondrinker/abstainers 18.2 (14.5�22.0) 14.1 (10.7�17.4) 12.0 (9.0�15.1) 9.7 (6.5�12.8) 11.0 (8.8�13.2)
Moderate/occasional 39.2 (35.1�43.3) 41.2 (37.2�45.1) 42.7 (37.7�47.7) 47.0 (43.2�50.7) 46.5 (41.6�51.4)
Heavy 42.5 (38.0�47.1) 44.8 (40.6�48.9) 45.3 (41.0�49.5) 43.4 (39.6�47.2) 42.5 (37.5�47.5)
Physical activity 57.0 (52.1�61.8) 61.5 (58.1�64.9) 63.5 (60.6�66.4) 63.9 (60.6�67.3) 63.6 (59.6�67.6) 0.012
Inactive 26.9 (24.0�29.8) 23.1 (19.7�26.5) 20.9 (18.1�23.8) 19.7 (15.6�23.8) 21.9 (18.9�24.9)
Low 24.4 (21.4�27.3) 22.8 (19.4�26.2) 25.4 (22.1�28.7) 26.6 (23.6�29.5) 25.4 (22.5�28.3)
Moderate 27.4 (24.2�30.6) 25.7 (22.0�29.4) 24.5 (20.4�28.6) 25.3 (21.3�29.4) 26.7 (23.0�30.4)
High 21.3 (18.0�24.6) 28.4 (25.1�31.6) 29.1 (24.9�33.4) 28.4 (25.3�31.6) 26.0 (22.7�29.3)
Used dietary supplements 51.2 (47.9�54.5) 52.6 (49.0�56.1) 50.9 (47.5�54.2) 52.8 (49.4�56.3) 56.2 (52.3�60.1) 0.126
Depression status: Yes 19.6 (16.8�22.3) 17.2 (13.9�20.4) 14.4 (11.8�17.0) 17.3 (14.0�20.7) 16.4 (13.9�19.0) 0.094
Selenium (mg/L),median (IQR) 165.7 (158.2�171.2) 182.3 (179.3�185.4) 193.8 (191.0�196.7) 205.4 (202.2�209.3) 226.6 (219.1�238.1) <0.001

BMI, body mass index; CI, confidence interval; IQR, interquartile range; NHANES, National Health and Nutrition Examination Survey; PIR, poverty income ratio.
Values are % (95% CI) unless otherwise mentioned.
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well evident that such recalls are subjected to bias and generally
they underreport actual dietary intakes [56]. Second, the dietary
selenium intakes in this study were estimated only from food and
beverages and excluded dietary supplements. Dietary supplement
use is high among the US population, and thus the selenium con-
centration in serum is expected to be higher [25]. Further, the
availability of dietary selenium in serummay be influenced by vari-
ous metabolic and physiological processes.

Selenium supplementation has been effective especially
among those with lower concentrations of plasma selenium. In
the Nutritional Prevention of Cancer trial in the United States,
selenium supplement therapy was found to be most effective in
reducing the risk of different cancer, particularly in participants
entering the trial with low plasma selenium concentration (<106
mg/L), and there was no cancer-protective benefit of supplemen-
tation among participants entering the trial with plasma selenium
>121 mg/L [57]. Therefore the implications of the findings from
the present study and others suggest that people whose serum
selenium concentration is already higher should not supplement
with selenium [50]. More research, specifically dose-controlled
RCTs, are needed to determine more precisely the optimal con-
centrations for a protective effect, especially among the sele-
nium-replete population.

This study has several strengths and limitations. The strengths
of the study include large sample size, a nationally representative
sample of non-institutionalized US adults, rigorous methodology,
and the comprehensive quality control procedures of NHANES. The
statistical analyses have been adjusted for study weights and com-
plex survey design to reduce the errors in estimation. Many differ-
ent covariates were adjusted into the models, which may rule out
the possible confounding role of identified covariates in the estima-
tion of the effect size. The cross-sectional design of the study is the
primary limitation, and no causation should be inferred from this
study. Although the biological pathways linking selenium to
depression could be mediated by inflammation and oxidation
[12,13], we could not adjust for biomarkers like interleukin-6 and
C-reactive protein in our model because their measurement was
not available in NHANES 2011 to 2014 at the time of this study.
Our study participants had high concentrations of selenium, so the
findings cannot be extrapolated to populations with depleted sele-
nium status.

Conclusions

In conclusion, our study supports the hypothesis that inade-
quate dietary selenium intake may increase the risk of depressive
symptoms. However, our results do not provide evidence to sup-
port the possible association between serum selenium concentra-
tions and the presence of depressive symptoms. Furthermore, our
study also does not support that serum selenium, at higher



Table 4
Multivariable logistic regression for depressive symptoms by dietary selenium intake and quintiles of serum selenium levels, NHANES 2011 to 2014

n Crude OR OR (95% CI) Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

Dietary selenium intake Recommended dietary allowance criteria

Adequate RDA (�55 mg/d) 6396 Reference

Inadequate RDA (<55mg/d) 646 2.03 (1.46�2.83) 1.65 (1.16�2.35) 1.38 (0.90�2.12) 1.57 (1.03�2.38)
AIC 13.8£ 107 13.2£ 107 9.4£ 107 9.3£ 107

AUC 0.53 0.68 0.73 0.74
Estimated average requirement criteria

Adequate EAR (�45mg/d) 6703 Reference

Inadequate EAR (<45 mg/d) 339 1.67 (1.28�2.17) 1.35 (1.00�1.81) 1.30 (0.84�2.00) 1.45 (0.97�2.17)
AIC 13.9£ 107 13.3£ 107 9.4£ 107 9.3£ 107

AUC 0.51 0.68 0.73 0.74
Dietary selenium intake quintiles

Quintiles Range (mg/d)
1 �72.5 1490 Reference

2 >72.5 to �95.5 1451 0.59 (0.48�0.73) 0.63 (0.51�0.79) 0.70 (0.52�0.94) 0.64 (0.48�0.85)
3 >95.5- �118.1 1356 0.58 (0.45�0.75) 0.68 (0.53�0.88) 0.79 (0.59�1.05) 0.69 (0.49�0.96)
4 >118.1- �149.8 1328 0.52 (0.38�0.72) 0.66 (0.46�0.94) 0.69 (0.44�1.10) 0.57 (0.36�0.90)
5 >149.8 1417 0.42 (0.32�0.54) 0.63 (0.47�0.85) 0.83 (0.57�1.21) 0.60 (0.39�0.94)
AIC 13.8£ 107 13.3£ 107 9.3£ 107 9.3£ 107

AUC 0.58 0.68 0.73 0.74
Serum selenium Quintiles Range (mg/L)

1 �175.8 1665 Reference

2 >175.8 to �188.1 1555 0.85 (0.61�1.18) 0.91 (0.63�1.30) 1.10 (0.74�1.63) 1.08 (0.73�1.61)
3 >188.1- �199.4 1531 0.69 (0.52�0.91) 0.75 (0.57�0.99) 0.80 (0.56�1.15) 0.77 (0.53�1.11)
4 >199.4- �213.6 1454 0.86 (0.70�1.05) 0.98 (0.80�1.20) 1.18 (0.90�1.55) 1.17 (0.89�1.55)
5 >213.6 1520 0.81 (0.61�1.06) 0.93 (0.68�1.26) 1.14 (0.82�1.59) 1.14 (0.83�1.58)
AIC 14.9£ 107 14.2£ 107 9.6£ 107 9.6£ 107

AUC 0.53 0.69 0.74 0.74

AIC, Akaike information criterion; AUC, area under the receiver operating characteristic curve; EAR, estimated average requirement; NHANES, National Health and Nutrition
Examination Survey; OR, odds ratio; RDA, recommended dietary allowance.
Model 1 is adjusted for age, sex, race or ethnicity, and marital status.
Model 2 is adjusted for model 1 variables and educational status, family poverty income ratio, body mass index, smoking, alcohol use, physical activity, and use of dietary
supplements.
Model 3 is adjusted for model 2 variables and comorbidities (diabetes, kidney disease, cancer, and heart disease) and total energy intake.
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concentrations, may increase the risk of depressive symptoms as
some other studies have found. In light of the current literature,
benefits of additional selenium intake in the form of food or sup-
plements may be limited to participants with low selenium status.
However, people with adequate intake or high serum selenium sta-
tus may have no such benefit.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.nut.2018.12.007.
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