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Lack of sufficient evidence to support a positive role of
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Context: Globally, depression affects more than 322 million people. Studies explor-
ing the relationship between diet and depression have revealed the benefits of cer-
tain dietary patterns and micronutrients in attenuating the symptoms of this disor-
der. Among these micronutrients, selenium stands out because of its multifaceted
role in the brain. Objective: To assess the impact of selenium intake and status on
symptoms of depression. Data Sources: A systematic search was performed in
databases, including PubMed, Web of Science, EMBASE, PsycINFO, Scopus, and gray
literature (on April 6, 2021, updated on January 28, 2022), without restrictions of
date, language, or study type. Data Extraction: Studies of adults (18-60y of age)
with depression or depressive symptoms were included. Data on selenium bio-
markers and/or intake were included. The risk of bias was assessed using the
Joanna Briggs Institute checklists. Data Analysis: Of the 10 studies included, 2 were
cohorts (n = 13983 and 3735), 3 were cross-sectional (n =736, 7725, and 200), 1
was case-control (n = 495), and 4 were randomized controlled trials (n = 30, 11, 38,
and 63). Several studies have indicated that low selenium intake or concentration
may be associated with symptoms of depression. However, this association was
inconsistent across the studies included in this systematic review; due to the high
heterogeneity, it was not possible to perform meta-analyses. The main contributing
factors to the high heterogeneity include the different methodological designs, meth-
ods for diagnosing depression, selenium assessment, and clinical conditions.
Conclusion: Overall, there is insufficient evidence to support a positive role of sele-
nium status in depression. Studies with more accurate methods and adequate
assessment of selenium status are needed to better understand the role of this
nutrient in depression.
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INTRODUCTION

Depression represents a wide spectrum of symptoms
related to changes in mood, interest, and pleasure that
lead to difficulties in social, family, educational, and
professional life, which sometimes lead to the concomi-
tant occurrence of somatic symptoms and anxiety.'
Depression is the second most common mental disor-
der; it affects more than 322 million people globally and
is identified as 1 of the 3 main causes of illness in the
past 30 years.>?

Data on the treatment costs of depression are
scarce, but the estimated costs of mental health policies
and programs in the period 2011-2030 are estimated to
be US$16.1 trillion.” Chisholm et al® reported important
projections on the annual costs of treating depressive
and anxiety disorders. Reports were also issued on lost
productivity. Considering the absence of scaled-up
treatment in the 36 largest countries in the world, the
authors projected more than 12 billion days of lost pro-
ductivity due to depressive and anxiety disorders each
year, with an estimated cost of US$925 billion.
Considering the cost distribution in high- and low-
income countries, the global expenditure due to these
mental health problems is approximately US$1.15
trillion.”

Although the etiology of depression remains
unclear, there is evidence of the interplay among
genetic, biological, and environmental factors in the
neurobiological pathways involved in the pathophysiol-
ogy of this disease.® Thus, lifestyle factors seem to play a
major role in the onset of mental disorders. In this
regard, sedentary behavior, irregular sleeping patterns,
tobacco smoking, and poor diet are linked to an
increased risk of depression.”

A growing body of research exploring the associa-
tion between diet and depression has revealed the bene-
fits of certain dietary patterns, macronutrients, and
micronutrients in the prevention and treatment of
depression.® Among these micronutrients, selenium has
been investigated because of its multifaceted role in the
brain.”'® Selenium is an essential component of the
antioxidant system in the brain. The major reason for
this is because of the activities of the selenoproteins glu-
tathione peroxidases (GPx) and thioredoxin reductases.
Selenium also regulates mitochondrial biogenesis and
calcium channels, and experimental studies have sug-
gested it is associated with the increased synthesis of
brain-derived neurotrophic factor, which is essential for
neuroplasticity (reviewed by Cardoso et al'®).

Given the importance of selenium in the central
nervous system, it is hypothesized that adequate sele-
nium status is associated with a reduced risk of depres-
sion and depressive symptoms. This hypothesis aligns

with preclinical studies of animals, results of which sug-
gest that selenium plays an antidepressant role by acting
on the dopaminergic and serotonergic systems.''
Therefore, for this systematic review, we aimed to assess
the impact of selenium intake and status on the symp-
toms of depression in adult individuals.

METHODS
Protocol and registration

The systematic review protocol was registered in the
International Prospective Registry of Systematic
Reviews registration no: CRD42021220683). The
Preferred Reporting Item for Systematic Reviews and
Meta-Analyses (PRISMA)!? guidelines were followed
throughout the review.

Information sources and research strategy

The acronym PICOS (population, intervention, com-
parison, outcomes, and study design) (Tablel) was
used to formulate the research question. The search
strategy comprised the following terms: (“adult OR
adults”) OR (“depressive patients”) AND (“selenium”
OR “selenium compounds”) AND (“depression*” OR
“depressive symptoms” OR “depressive symptom” OR
“symptom depressive” OR “symptoms depressive” OR
“emotional depression” OR “depression emotional”)
OR (“depression” AND “emotional”). The systematic
research was performed in the PubMed, Scopus, Web
of Science, EMBASE, and PsycINFO databases. In addi-
tion, gray literature was searched on Google Scholar
(limited to the first 400 records), as recommended by
Pizato et al."”’ In the second phase, manual searches
were performed in the reference lists of articles included
in this systematic review.

The search was carried out on April 6, 2021,
updated on January 28, 2022, and there were no date
and language restrictions on both dates. All studies
meeting the eligibility criteria (Tablel) in the first
search and in the updated search were included. As rec-
ommended by Greenhalgh and Peacock,'* systematic-
review team experts were consulted to improve the
search results. Details on the adapted searches for each
of the databases are shown in Table S1 (Supporting
Information online). The Rayyan web app'® was used to
identify duplicate articles, and the Mendeley Reference
Management Software, version 1.19.8,' was used to
organize the references.
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Table 1 PICOS criteria for inclusion of studies

Parameter

Inclusion criteria

Exclusion criteria

Population

Intervention or exposure

Adults aged 18-60y

Interventions based on diet modifications

Interventions with selenium supplementation

Exposure to dietary patterns assessed by direct
weighing of food or dietary records

Selenium concentrations and glutathione peroxi-
dase activity assessed in plasma, serum, nails,
hair, or erythrocytes

Individuals younger than 18 y and older than 60y

Pregnant, postpartum, and menopausal women

Animal models or in vitro studies

Individuals without a diagnosis of depression

Concomitant evaluation of other micronutrients with-
out individual analysis of selenium biomarkers or
intake

Multinutrient supplementation without individual
analysis of selenium

Comparison Control diets (low selenium diets) Concomitant evaluation of other micronutrients with-
Placebo interventions out individual analysis of selenium biomarkers or
Normal blood and nails selenium biomarkers intake
Outcome Occurrence of depressive symptoms (depressed No reporting of depression analysis tools
mood, low self-esteem, reduced interest or No reporting of depression in an extractable format
mood, reduced ability to concentrate, fatigue,
sleep problems and reduced or loss of appetite)
Changes in depression assessment scores
Prevalence of depression
Risk of developing depression
Episodes of major depressive disorders
Study design Observational studies (cohort, case-control, and Missing and/or unclear data even after requesting
cross-sectional) information from the authors, letters, reviews, con-
Intervention studies (randomized controlled trials ference abstracts, personal opinion articles, case
and experimental) reports, poster presentations, and news summary
Screening groups), selenium intake (diet and supplement), sele-

A 2-phase screening process was conducted by 2 inde-
pendent reviewers to select the articles. Two reviewers
(A.C.S. and A.F.F.P.) excluded the identified duplicate
articles before starting the first phase. In the first phase,
the 2 reviewers independently screened the titles and
abstracts of all identified articles using the Rayyan web
app."” Articles that did not meet the eligibility criteria
were removed. In the second phase, the same 2
reviewers involved in the first phase independently
applied the eligibility criteria to the comprehensive
reading of the articles. Differences in opinions in the 2
phases were forwarded to a third reviewer (L.C.H.) for
consensus. The same screening process was adopted in
the search strategy update.

Data extraction

The extraction was carried out independently by 2
authors (A.C.S. and A.F.F.P.) and the collected data
were then compared. Disagreements were decided by a
third author (L.C.H.) when necessary. Data on the pub-
lication (year, authors, country, and type of study), par-
ticipants (age, sex, health conditions, sample size, and
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nium markers (in plasma: selenium and selenoprotein
P; in serum: selenium; in erythrocytes: selenium and
GPx activity; and nails), and depression (diagnosis: yes/
no, symptoms, assessment tools, and periodicity of the
evaluation) were extracted. Type and period of inter-
vention were also extracted for randomized controlled
trials (RCTs).

Publication bias

The risk-of-bias assessment of eligible articles also was
performed by the same 2 reviewers using the Joanna
Briggs Institute tools according to the types of studies
(case-control, RCT, cohort, and cross-sectional).!”!®
The information required by the checklist was queried
in all the included articles. The answer was “Yes” when
the article met the requirement, “No” when it did not,
“Unclear” when it was not clear in the article, and “NA”
when not applicable. A third author (L.C.H.) was con-
sulted to resolve any potential disagreement.

The categories applied to assess the risk of bias
were based on a recent systematic review that also used
the Joanna Briggs Institute checklists.'” The authors
classified the articles as having high, moderate, and low
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risk of bias when presenting “yes” percentages of up to
49%, between 50% and 69%, and greater than 70%,
respectively.'’

RESULTS
Study selection

The first database query retrieved a total of 950 records,
of which the gray literature was the source of 50
records. After excluding duplicates (n=235), 715
records remained for the screening process. After
screening titles and abstracts, 668 records were removed
because they did not meet the eligibility criteria. The
manual search performed in the reference lists of the
articles included in the first phase resulted in the addi-
tion of 4 new articles. Moreover, 1 article was included
by recommendation of 1 systematic-review team expert.
Of these 5 articles, 4 were excluded. In the search
update, 92 studies were screened and 8 were assessed
for eligibility. Of these 8, only 1 was included in the sys-
tematic review. In total, 56 articles were read compre-
hensively (Figure1).'” Of these 56 articles, 46 were
removed (Table S2 in the Supporting Information
online). Considering the first and the updated searches,
10 studies were included in the systematic review
(Figure 1)."* The article included by recommendation
of a systematic-review team expert in the first search
was retrieved in the updated search; however, it was
considered a duplicate and removed (Table S2).

Study characteristics

The characteristics of the 10 studies included in the
present systematic review are shown in Table2.** %
The oldest study dates to 1996,”° and the most recent
was published in 2021.%' Six observational studies (2
cohort studies,’>*> 3 cross-sectional studies,>**%° 1
case-control study”®), and 4 RCTs were included.*>* %
These studies were carried out in 5 countries: the
United ~ States,”******7?°  Brazil,>’  Bangladesh,*
Sweden,”® Spain,*? and Iran.”> The sample size of these
studies ranged from 11°° to 13983%* adults who were
either healthy®®*** or were HIV",* had Graves’ dis-
ease,”® depression episodes,”' or major depressive disor-
der (MDD).2¢

Selenium dietary intake was assessed in 4 observa-
tional studies®****** and 2 RCTs.””” Dietary assess-
ment was carried out using 4 different methods: food
frequency questionnaire,””** 24-hour recall,”"** food
diary,” and laboratory analysis of selenium content in
the diet.”” Blood was the most common sample across
the studies. It was used to determine selenium concen-
tration in plasma,”® serum,**® and erythrocytes,”® as

well as to measure selenoprotein P concentration®® and
GPx activity.”” Nails were used for the assessment of
selenium concentration in 1 study.*?

Regarding the outcomes, depression was assessed
in 4 studies,”"?*?>?® and the presence of depressive
symptoms was evaluated in 2 studies.””** MDD was
investigated in 1 study.”® Mood was evaluated in 2 stud-
ies,”®*” and psychological burden was examined in 1
study.”” Depression and depressive symptoms were
evaluated using different validated tools: (1) the Profile
of Mood States Bipolar Scale (POMS-Bi), which meas-
ures mood and how it is created®®?”*; (2) the Beck’s
Depression Inventory, which assesses depression and its
symptoms>>*?; (3) the Hospital Anxiety and Depression
Scale, which identifies the presence of depression and
anxiety’®; (4) the Diagnostic and Statistical Manual of
Mental disorders, Fifth Edition (DSM-V), which identi-
fies and defines depression as a common disorder
involving almost complete loss of interest’"**?%; (5) the
symptom questionnaire (from the Rivermead Post-
Concussions Symptom Questionnaire), which contains
brief and simple items that are sensitive for clinical
research, such as scales of depression state, anxiety,
anger or hostility, and somatic symptoms®; (6) the
Center for Epidemiological Studies Depression Scale,
which contains 20 items developed to evaluate depres-
sive symptoms®’; (7) the major depressive episodic
module of the mini-international neuropsychiatric
interview, Brazilian version, which identifies the main
mood disorders of the DSM-V?'; and (8) a validated
Patient Health Questionnaire-9, which identifies symp-
toms of depression.** Sdnchez-Villegas et al** used base-
line self-reported information from patients, which was
validated in a subsample by the structured clinical inter-
view with DSM-IV (Structured Clinical Interview for
DSM-5-1), a questionnaire that was standardized in a
previous study for the reliability of self-reported
information.

Publication bias

A summary of the quality assessment is presented in
Figure 2.°?° In brief, 9 studies showed a low risk of
bias because they satisfied greater than 70% of the tools’
evaluation criteria and only the study of Finley et al*’
presented a moderate risk of bias, with 53.9% “Yes” in
the checklist for RCTs. No study presented a high risk
of bias. The studies by Ghimire et al,>* Ferreira de
Almeida et al,”' and Shokati et al*® resulted in 100%,
75.0%, and 75.0% “Yes” answers in the checklist for
analytical cross-sectional studies, respectively. The stud-
ies by Shor-Posner et al,”> Hawkes et al,”® and
Calissendorff et al*® presented 92.3%, 92.3%, and 84.6%
“Yes” answers in the checklist for RCTs, respectively.
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Identification of studies via databases and registers

Studies identified from:
Citation searching (n = 4)
Expert suggestion (n = 1)

v

Studies assessed for

Identification of studies via other methods

Studies removed:

— Age(n=1)

eligibility (n = 5) Review article (n = 3)

Studies identified from:
Databases (n = 5)
-1
= P"‘bmc‘i (n=339) o| Studies removed before screening:
] Web of Science (n =34) o Duplicate studies removed (n =235)
S Embase (n = 204)
| Psyinfo (n = 16)
% Scopus (n = 307)
L~ Gray literature (n = 1)
Google Scholar (n = 50)
Total (N = 950)
)
M :
Studies screened > Studies removed
(n=T15) (n=668)
g: Studies assessed for eligibility < Studies screened in the
= Studies assessed for eligibility in the search update (n = 8) search update (n = 92)
§ (n=47) .
#
l Total studies removed:
Total studies d for »| Age(n=23)
eligibility Review article (n=11)
(n = 56) No isolated Se assessment (n = 6)
No isolated depression evaluation (n = 2)
Other reasons (n = 4)
e
v
B
E]
=1 Studies included (n = 10)
=
_—

Figure 1 Preferred Reporting Item for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram for systematic reviews
including searches of databases and registers only. Abbreviation: Se, selenium. Adapted from Page et al."?

The studies by Colangelo et al** and Sanchez-Villegas et
al”* had 81.8% “Yes” answers in the checklist for cohort
studies, and the study by Islam et al*® had 80.0% “Yes”
answers in the checklist for case-control studies.

The main sources of bias were related to the lack of
clarity regarding the treatment of study groups””’ and
whether (1) the groups were similar and recruited from the
same population”??; (2) the confusion factors and strategies
to deal with them were identified”"*>*%; (3) the study design
was appropriate and deviations were considered®’; (4) the
strategies to deal with incomplete follow-up were adopted™;
(5) the groups were similar at baseline?; (6) the researchers
who investigated the outcomes were blinded to the treat-
ment assignmentzs; (7) true randomization was used to
assign participants to treatment groups, (8) the allocation to
treatment groups was hidden, and (9) the investigator who
administered the treatment was blinded to the treatment
assignment.”’ Furthermore, for the cohort study, it was
unclear whether participants were outcome-free at baseline
or at the time of exposure, because reported information
was collected at the beginning of the study and the question-
naire for the assessment of depression was used later.”

Selenium intake and depression

The 6 studies that examined dietary selenium intake
predominantly compared their results to the American

Nutrition Reviews® Vol. 00(0):1-12

and Canadian recommended dietary allowances
(RDAs) for selenium*****>*° or categorized them into
quartiles or quintiles.”** The average minimum and
maximum intakes found were 28.15 ug/d>' and 242 pg/
d,%° respectively. Because of the limited reported data, it
was not possible to compare the percentage of individu-
als with adequate and inadequate intakes in observatio-
nal studies.”"****** However, 2 of the 4 studies®**
found similar results on the relationship between diet-
ary selenium intake and depression, suggesting that
adequate selenium intake is inversely proportional to
the prevalence of depression or depressive symptoms.
One such study found a mild negative correlation
between daily selenium intake and depression score.”®
Sanchez-Villegas et al** investigated various micro-
nutrients for adequacy of intake in Spanish university
students participating in the Seguimiento Universidad
de Navarra (SUN) project who did not present with
previous history or clinical diagnosis of depression,
classifying them according to the number of nutrients
with inadequate intake.’® In that study, there was no
association between selenium intake and depression
risk at baseline (hazard ratio,: 1.22; 95% confidence
interval [CI], 0.89-1.68) or after 10 years (hazard ratio,
1.29; 95% CI, 0. 94-1.78). Furthermore, when the diet-
ary selenium intake of young adults (aged 20-31y) was
classified as higher or lower than the RDA, no
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Table 2 Continued
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Figure 2 Assessment of bias risk (percentage of answers to the Joanna Briggs Institute critical appraisal tools).

P=0.003) was observed, suggesting that individuals
with low selenium concentrations are more likely to
experience depressed moods. Finley and Penland®’
placed 13 healthy men aged between 18 and 45 years
either in an intervention group receiving a diet with
189 * 11 ug selenium/d or in a control group receiving
21 +5.7pg selenium/d (mean * standard deviation
[SD]) for 105 days. There was a significant decrease in
the euphoric-depressive subscore in the intervention
group compared with the control group (scores:
94 + 14 vs 107 = 19; mean * SD, P < 0.05), which led
to the improvement of the mood scores.

Shokati et al*® investigated the relationship between
the dietary intake of 3 micronutrients, 1 of which was
selenium, with depression in 200 female Iranian univer-
sity students. The mean daily intake (SD) of selenium
was 106.52 (21.69) pg/d, which was classified as higher
than the RDA. The authors found a mild negative rela-
tionship (P < 0.001; r=0.476) between daily selenium
intake and depression score.

Selenium status and depression

Six studies evaluated selenium concentration in blood
samples,””**?**** and 1 study evaluated selenium con-
centration in nail samples.” In these studies, the mean
selenium concentration ranged from 30pg/L (in
Bangladeshi patients with MDD)*® to 194.1 pg/L (in
healthy US individuals).**

In the study by Finley et al,”” healthy US men who
were placed on a high selenium diet (189 * 11 pg/d;
mean * SD) for 105days had increased erythrocyte
selenium concentration (156 * 3 ng/g at baseline and
163 * 3 ng/g after 105d; mean * standard error), and
improvement of mood as assessed by the POMS-Bi

40 50 60 70 80 90 100

%

HYes ®MNo = Unclear

20-29

elated-depressed subscale (107 =19 points; mean *
SD) when compared with individuals in the control
group (94 * 14 points; mean *+ SD).*” Calissendorff et
al*® evaluated selenium status in terms of plasma sele-
noprotein P in 38 adults aged 18-55years, 82% of
whom were women who had been newly diagnosed
with and were untreated for Graves’ disease.
Participants were evaluated for the presence of depres-
sion after recruitment. Afterward, they were randomly
selected to receive either a placebo or 200 ug of sele-
nium/d for 36 weeks. The concentration of plasma sele-
noprotein P increased from a median of 46.5
(interquartile range [IQR], 42-86ng/mL) to 113.0
(IQR, 70-139ng/mL; P<0.001) in the intervention
group. Furthermore, lower rates of depression were
observed in the intervention group. However, no differ-
ences were observed in the placebo group.”®

On the other hand, in the study by Shor-Possner et
al,”’ the plasma selenium concentration of 32 men and
31 women living with HIV and a history of drug abuse
did not increase in response to the supplementation of
200 ug of selenium/d for 12months. However, these
individuals were able to maintain the circulating con-
centration of selenium and had higher selenium con-
centration after 12 months compared with the placebo
group (123.5*+23 vs 108.7 = 15ug/L, respectively;
mean * SD, P=0.002). Although no significant
changes were observed in the Beck’s Depression
Inventory score after the intervention, the treatment
group had a 9% decrease in the Beck’s Depression
Inventory score compared with baseline (mean differ-
ence, —1.2), whereas the placebo group had a 13%
increase compared with baseline (mean difference,
+1.8). In addition, evaluation scores of the POMS scale
were significantly lower (P=0.05) in the intervention

Nutrition Reviews® Vol. 00(0):1-12

2202 JequiaAoN G| uo }senb AqQ £81Z8/9/S609NU/UINU/EE0 L "0 L/IOP/8|01}E-80 UBAPB/SMBIABIUONL}NU/WO2 dNO™D|we pese//:sdjy wol papeojumoc]



group (9.7 = 26; mean * SD) compared with the pla-
cebo group (19.1 * 19; mean * SD) after the 12-month
evaluation. In this study, the presence of depressive
symptoms at baseline was not an exclusion criterion,
and the use of drugs or current antiretroviral treatment
was not significantly associated with depression.”

Hawkes and Hornbostel* also used the POMS-Bi scale
and found a positive correlation between the baseline low
erythrocyte selenium concentration with elated-depressed
(r=0.825; P=0.043) and the pleasant-hostile (r=0.954;
P=10.003) subscales in the control group. From this obser-
vation, the authors suggested that an initial marginal sele-
nium deficiency may be necessary to properly observe
mood changes in response to selenium consumption.*’

Studies that evaluated individuals with and without
depression showed that selenium concentrations were
lower in those with depressive symptoms.”**® Islam et al*®
evaluated Bangladeshi individuals with MDD. It was sug-
gested that the lower serum selenium concentration pre-
sented by the MDD group (0.03 + 0.0002 mg/L; mean *
standard error mean [SEM]), compared with the healthy
group (0.07 = 0.003; mean *+ SEM, P < 0.05), may be asso-
ciated with the development of this disease. This may be
because selenium prevents oxidative damage.”® These find-
ings align with the results reported by Ghimire et al** in
which individuals with depressive symptoms had lower
serum selenium concentration (median: 192.2 pg/L; IQR,
176.9-208.9 ug/L) than those without symptoms (median:
194.1 pg/L; IQR, 179.7-209.3 pg/L; P=0.003).**

Colangelo et al” analyzed the connection between
exposure to selenium and depressive symptoms in an
experiment involving 3735 US residents (55% women)
aged 18-30years in the Coronary Artery Risk
Development in Young Adults (CARDIA) study. The
concentration of selenium was evaluated in nail samples,
and a higher selenium concentration was associated with
an increased risk of developing depressive symptoms
(OR, 2.03; 95%CI, 1.12-3.70).>> When the authors used
the recommended Center for Epidemiological Studies
Depression Scale score to achieve higher specificity in the
evaluation of depressive symptoms (>27), an OR of 1.59
in fifth quintile of nail selenium concentration (95%CI,
1.0-2.51) was obtained. However, when the researchers
considered the standard cutoff point used in epidemio-
logical studies (ie, >16 points), no association was found
in any statistical model.”®

From all the results described, it is possible to infer
a high heterogeneity, mainly due to different methodo-
logical designs, methods for diagnosing depression and
selenium assessment, and clinical conditions. As a
result, we were not able to perform meta-analyses in
this systematic review. Therefore, the associations
between selenium intake or concentration with depres-
sion and its symptoms remain inconsistent.

Nutrition Reviews® Vol. 00(0):1-12

DISCUSSION

We conducted a registered systematic review of current
scientific evidence on the relationship between sele-
nium and depression in adult individuals, which was
carefully designed, following all the ethical and meth-
odological criteria recommended for conducting this
type of study. Although the number of studies was lim-
ited, most results indicated that low intake or blood
concentration of selenium may be associated with
depression or depressive moods and that adequate
intake (from diet or supplementation) and blood con-
centration would be associated with a reduction in the
occurrence of the symptoms of depression. However,
the variability of information resulting from different
methodological designs, methods to diagnose depres-
sion and to assess selenium status, and clinical condi-
tions reported in the studies implies significant
heterogeneity among them. As a result, a meta-analysis
could not be performed, which makes it difficult to
draw more accurate conclusions.

Studies included in this systematic review evaluated
the status of selenium in plasma,®** serum,***¢ eryth-
rocytes,””*” nails,”® and diet,”****” which implies dif-
ferent interpretations. The evaluation of the serum or
plasma concentration of selenium is performed mostly
to reflect short-term levels,”’ whereas the measurement
in erythrocytes shows intermediate levels (approxi-
mately up to 120d).*" The evaluation of selenium in
nails, on the other hand, represents long-term levels, in
addition to being a noninvasive and easier method.
However, it lacks a reference value.’” Although sele-
nium is essential for the performance of numerous
physiological processes, caution is required regarding
intake recommendations and analysis. In addition to
the assessment of micronutrient intakes being inher-
ently difficult, differences in selenium concentrations in
water and soils impose additional barriers that limit
such evaluation.”

The low concentration of serum selenium observed
by Islam et al*® in patients with MDD, compared with
healthy people, upholds the findings of this literature
review on the pathogenesis of depression. This result
suggests that deficient selenium concentrations could
represent a risk factor for depressive mood, anxiety,
and cognitive function decline, with significant involve-
ment of antioxidant pathways®* and association with
reduced GPx-1, GPx-4, and thioredoxin reductase activ-
ity, which are important in the prevention of neuronal
death activity.'**

In addition to the antioxidant role, selenium seems
to be related to depression in its modulation of thyroid
hormones and neurotransmitters, such as dopamine
and serotonin.***®* The selenoprotein family of
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iodothyronine deiodinases is important for the synthe-
sis of thyroid hormones; thus, dysregulation of thyroid
function due to the deficiency of selenium may increase
the risk of depression and other mood disorders.”’
Furthermore, selenium seems to be associated with the
concentration of brain-derived neurotrophic factor in
the brain. This neurotrophic factor is required for neu-
roplasticity and low levels influence the pathophysiol-
ogy of depression.*®

In this systematic review, we observed that
selenium-rich diets were able to increase selenium
plasma concentration in healthy individuals.**?’
However, improvements in mood and symptoms of
depression after intake of selenium-rich diets were only
observed in individuals with low selenium intake, with
no noteworthy results in  selenium-repleted
individuals.”

In this context, it is important to note that the dif-
ferent ways of analyzing selenium consumption in
cross-sectional studies affected the results. When con-
sidering adequate or inadequate intake according to the
RDA,” Ghimire et al** did not find a relationship
between selenium consumption and depression.
However, when Ferreira de Almeida et al*' analyzed the
data by quintiles, in which an upper limit above the
RDA was assumed, important relationships between
selenium intake and depressive episodes were observed.
In the cohort study of Sanchez-Villegas et al,”* none of
the Spanish university students evaluated presented
exclusive inadequacy of selenium consumption and
there was no relationship between depression and sele-
nium. In addition, Shokati et al**> did not observe a suf-
ficiently strong association between depression score
and selenium intake in Iranian women, which can be
explained by the average consumption above the rec-
ommended levels and a possible absence of selenium
deficiency. All these results reinforce the hypothesis of
the connection between selenium and depression as
being dependent on dietary intake and/or biomarkers
at adequate levels.

Two RCTs included in this systematic review eval-
uated individuals with pathological impairments
(namely, Graves’ disease, HIV).>**° Graves® disease is
characterized by hyperthyroidism, which results in a
significant alteration in the circulating concentration of
the T3 and T4 hormones.”® Selenium deficiency leads
to a decrease in T4 to T3 conversion by iodothyronine
deiodinases, which can exacerbate the disease.”
According to Henley and Koehnle,"’ these hormones
are significant in the monoaminergic neurotransmis-
sion process; therefore, they are important in the patho-
genesis of depression. It is suggested that selenium
therapy may benefit individuals with HIV and a history
of drug abuse,” because a study conducted with rats
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found that GPx and catalase activities were decreased in
response to oxidative stress induced by cocaine treat-
ment."" Shor-Posner et al*’ and Calissendorff et al**®
observed that after receiving selenium supplementation,
individuals with HIV or Graves’ disease either main-
tained or increased plasma selenium concentrations
and had decreased depression scale scores and depres-
sion rates compared with the nonsupplemented groups.
These results, if replicated and validated, could guide
the use of selenium as an adjuvant therapy with positive
results in the treatment of psychological disorders in
patients with these conditions.

It is important to mention that in the RCTs per-
formed by Calissendorff et al*® and Shor-Posner et al,*’
the researchers reported the use of L-selenomethionine
for supplementation. Although the absorption pathways
for selenium are still not completely understood, sele-
nium in the forms of selenomethionine and selenocys-
teine appears to be well retained and more absorbed
compared with selenate and selenite. Overall, most diet-
ary selenium is highly bioavailable, with bioavailability
of 90% and 100% for selenomethionine and selenocys-
teine, respectively, and 100% and 50% for selenate (with
significant urinary losses) and selenite, respectively.*>*’
Therefore, the divergences in the RCTSs’ results cannot
be attributed to the selenium chemical form but prob-
ably to other conditions inherent to the diseases.

The only study included in this systematic review
that observed a positive association between selenium
concentration and depressive symptoms used nails as a
biomarker.”® The temporal relationship between sele-
nium exposure and the occurrence of depressive symp-
toms discussed by Colangelo et al*® is a significant
factor because the collection of nail samples was per-
formed in 1987 and the depressive symptoms were eval-
uated in 1990, 1995, 2000, 2005, and 2010, which might
have compromised the causality of the study.

In general, after analyzing the studies included in
this systematic review, the hypothesis that selenium
plays an important role in aspects related to depression
and its symptoms could be considered. Interestingly,
when performing the systematic-review search update,
a systematic review and meta-analysis, recently pub-
lished but not registered in PROSPERO, was found, in
which the authors concluded that high selenium intake
may have a protective role in postpartum depression
and that supplementation with selenium may be effec-
tive in reducing depressive symptoms.* However,
attention is drawn to some aspects of the study, such as
the inclusion of adolescents, adult men and women
(pregnant and postmenopausal), and the elderly.
Different age groups and physiological states, as well as
depression or depressive disorder assessment tools,
intervention follow-up time, and study designs are
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important characteristics that probably should not have
been analyzed together, because many of them are not
comparable. Therefore, it is important to reinforce the
need for methodological rigor in systematic reviews and
meta-analyses, because biased evidence can lead to
potentially dangerous conclusions.

The role of selenium in various diseases has been
extensively studied and it is suggested that supplemen-
tation in individuals without previous deficiency may
be dangerous because it may increase the risk of dis-
eases such as prostate cancer, type 2 diabetes mellitus,
alopecia, and dermatitis.*>*® Therefore, the same inter-
pretation should be applied in the context of assessing
the role of selenium in depression and other mental
illnesses.

Several strengths of this systematic review can be
underscored. We included studies with different meth-
odological designs and covered current scientific evi-
dence on the impacts of selenium in adult individuals
with depression and its associated symptoms. It was
carefully designed and followed all the recommended
ethical and methodological protocols for systematic
reviews. In addition, the studies included presented a
high quality and a low risk of bias according to the rec-
ommended tools. Because the search by types of study
was not restricted, it was possible to evaluate selenium
in different ways (eg, through intake, blood and nail
concentrations, and supplementation), which provided
a wide range of information. Moreover, the evaluation
of depression and depressive symptoms in the studies
included in this systematic review was done using
standardized instruments with validated scales and sim-
ilarities regarding the disease genesis.

On the other hand, some limitations faced include
the variability of instruments for diagnosing depression
and selenium status, as well as differences in methodo-
logical designs and clinical conditions. However, the
different methodological designs stemmed from the
inclusion of more than 1 type of study, due to the scar-
city of studies investigating the relationship between
selenium and depression. All the particularities of the
studies included in our systematic review increased the
heterogeneity, which prevented us from performing
meta-analysis and made it difficult to delineate more
precise interpretations.

CONCLUSION

Evidence is lacking to confirm that selenium exerts pos-
itive effects on depression and depressive symptoms.
Indeed, more studies are required to carefully evaluate
the connection between this micronutrient and the
development of depression. Much more accurate and
standardized methods should be applied, considering

Nutrition Reviews® Vol. 00(0):1-12

better defined subclasses of selenium status, the differ-
ent ways of evaluating selenium status and depression,
as well as the individuals’ clinical features.
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