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Abstract: Anxiety disorders are among the most common mental disorders worldwide, and often
respond incompletely to existing treatments. Selenium, a micronutrient that is a component of sev-
eral biologically active selenoproteins, is also involved in several aspects of brain functioning, and
may exert antidepressant and anxiolytic effects through multiple pathways. The current paper is a
scoping review of translational, observational and interventional evidence on the potential role of
selenium and its compounds in the management of anxiety and related disorders. Evidence from
animal models suggests that this approach may be promising. Though evidence from observational
studies in humans is inconsistent and affected by several confounding factors, the available evi-
dence from randomized controlled trials suggests that selenium supplementation may be beneficial
in the management of certain anxiety-related conditions, such as anxiety in medically ill patients,
prevention of anxiety following exposure to traumatic stress, and obsessive-compulsive disorder.
This paper provides a critical evaluation of the existing evidence base, including unanswered ques-
tions that could serve as the focus of further research, and outlines the potential benefits and risks
associated with the use of selenium in anxiety disorders.
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1. Introduction

Anxiety disorders are among the most common mental disorders worldwide. These
disorders are characterized by persistently excessive or inappropriate levels of anxiety,
which may occur either spontaneously or in response to specific triggers. The disorders
included in this group include generalized anxiety disorder (GAD), panic disorder with
or without agoraphobia (PDA), social anxiety disorder (SAD) and specific phobias [1]. It
is estimated that around 3-9% of the general population suffers from an anxiety disorder,
and another 5-15% fulfil the diagnostic criteria for anxiety-related disorders such as ob-
sessive-compulsive disorder (OCD) and post-traumatic stress disorder (PTSD) [2-5].
There is a high degree of comorbidity between anxiety disorders, OCD and PTSD [6,7],
which probably reflects common pathogenic mechanisms involving the interaction of ge-
netic vulnerability factors with environmental stressors [8, 9]. The pathophysiology of
these disorders is complex, involving structural and functional alterations of specific cor-
tical and subcortical brain structures [10-12], dysfunction of specific neurotransmitter sys-
tems [13,14], immune-inflammatory pathways [15], oxidative stress [16,17] and impaired
neural plasticity [18]. In contemporary guidelines for the pharmacological management
of anxiety and related disorders, selective serotonin reuptake inhibitors (SSRIs) and sero-
tonin-norepinephrine reuptake inhibitors (SNRIs) are the recommended first-line treat-
ments [19,20]. Though these groups of drugs are superior to placebo, their effectiveness is
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often modest [21-23], and only about 40-60% of patients show a clinically significant re-
sponse to them in short- to medium-term clinical trials [24-26]. Moreover, around 16% of
patients who are successfully treated with SSRIs or SNRIs develop a relapse of anxiety,
obsessive-compulsive or post-traumatic stress symptoms when the drug is discontinued
after a year of treatment [27], and treatment-emergent adverse effects often lead to non-
adherence, particularly at higher doses of medication [28]. Though SSRIs and SNRIs rep-
resent a significant advance in the management of anxiety and related disorders, the afore-
mentioned limitations highlight the need for innovative pharmacological treatment ap-
proaches that transcend traditional monoamine models of anxiety disorders, and which
have a favourable efficacy-to-safety ratio [29-31]. Such treatment methods should ideally
target multiple molecular mechanisms known to be involved in the pathogenesis of anxi-
ety disorders [32].

Selenium is a trace element essential for health, found in several food sources, includ-
ing animal muscle meats, seafood, and grains and cereals [33]. Its principal biological
function is as a component of selenium-containing proteins, or selenoproteins, which are
primarily involved in the protection of cells from damage due to oxidative stress. The
best-known selenoprotein of this type is glutathione peroxidase (GPx). Other selenopro-
teins are involved in diverse biological functions such as muscle metabolism, thyroid
function, immune-inflammatory responses, and sperm motility [33,34]. More recently, se-
lenoproteins have been identified as playing a significant role in brain development and
functioning in mammals [35]. In line with this evidence, some researchers have found ev-
idence of an association between selenium intake and mental health. For example, dietary
selenium consumption was negatively associated with symptoms of depression in a study
of Brazilian farmers, even after adjusting for demographic and environmental risk factors
[36]; similarly, lower plasma selenium was associated with minor depressive symptoms
in a sample of post-partum women [37]. Given the high degree of comorbidity and mech-
anistic overlap between depression and anxiety [38, 39], an association between selenium
intake or levels and symptoms of anxiety is plausible [40]. There is also recent evidence
that selenium may play a key role in preserving normal neural functioning following ex-
posure to stress, which is relevant to the onset and persistence of anxiety disorders [41].

In the light of the above considerations, the aim of this review is to examine the evi-
dence base for a link between selenium, selenoproteins, and anxiety disorders at the trans-
lational and clinical levels. Where possible, all included articles will be examined with a
focus on the possible use of selenium compounds in the clinical management of anxiety
disorders.

2. Results
2.1. Selenium, selenoproteins and selenium-containing compounds in animal models of anxiety

Sixteen of the papers included in this review belonged to this category [42-57].
Methodological details and results for each of these studies are summarized in Table 1.
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Table 1: Animal studies of selenium, selenoproteins and selenium-containing compounds in relation to models of anxiety

Study Type of selenium Animal Experimental Results - behav- | Results — other
compound studied species methods ioural
Peters etal,, | Selenium, high-dose Male and Observation of No difference in | Reduced spa-
2006 [42] (1 mg/kg) and defi- female anxiety during anxiety-like be- | tial learning,
cient (0 mg/kg) diets mice with | open-field test, haviours or fear | short-term
targeted elevated plus conditioning plasticity and
disruption | maze test; condi- | across SEPP1 long-term po-
of the sele- | tioned fear genotypes. tentiation seen
noprotein | through pairing with SEPP1
P gene of noise with disruption and
(SEPP1) electric shock to selenium-defi-
and con- foot cient diet
trol mice
Ghisleni et Diphenyl diselenide Male Observation of Reduced anxi- Anxiolytic ef-

entries and time
spent in open
arm of elevated
plus maze, with
100 mg/kg m-
trifluoromethyl
diphenyl

diselenide

al.,, 2008 [43] | (5,25 and 50 umol/kg) | Wistar rats | anxiety during ety, as meas- fects of diphe-
(n=40, di- | open-field task ured by reduced | nyl diselenide
vided into | and elevated fecal boli in abolished by
four plus maze task open-field task administration
groups) and increased of bicuculline
entries and time | (GABAa antag-
spent in open onist), ketan-
arm of elevated | serin (5HT2a
plus maze, with | antagonist), or
50 pmol/kg dose | WAY100635
of diphenyl (5HT1a antago-
diselenide only | nist)
Bruning et m-trifluoromethyl-di- | Female Observation of Reduced anxi- Significant in-
al.,, 2009 [44] | phenyl diselenide (0.1, | Swiss mice | anxiety during ety, as meas- hibition of cor-
10 and 100 mg/kg) (n=40, di- | elevated plus ured by time tical MAO-A
vided into | maze task and spent in illumi- | with 100
four light/dark box nated side of mg/kg m-tri-
groups) light/dark box fluoromethyl
and increased diphenyl

diselenide; an-
xiolytic effect

abolished by

administration
of WAY100635
(5HT1a antago-
nist), ritanserin

(5HT2a
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antagonist) or

open arms of el-
evated plus
maze test dur-
ing childhood
offspring of
mothers treated
with sodium
selenite; ele-
vated plus maze
finding re-
mained signifi-
cant even when
offspring
reached adult-
hood.

ondansetron
(5HTs antago-
nist)
Gaietal., 3-(4-fluoro- Male Swiss | Induction of anx- | Reduced anxi- Normalization
2013 [45] phenyselenyl)-2,5-di- | mice (n= iety by admin- ety, as meas- of ACTH and
phenylselenophene 48, divided | istration of corti- | ured by transi- corticosterone
(F-DPS) (0.1 into four costerone 20 tion to dark levels, inhibi-
mg/kg/day for 1 groups) ug/ml of water zone and time tion of cortical
week) for 4 weeks spent in light MAO-A, and
zone of increased 5-HT
light/dark box, and glutamate
with F-DPS synaptosomal
uptake with F-
DPS.
Laureano- Sodium selenite, 1 23 Wistar Observation of Reduced anxi- Increased se-
Melo et al,, mg/kg, administered | rat off- anxiety during ety-like behav- rum Ts and Ty,
2015 [46] to mother rats during | spring, as- | open field test, iours, as meas- reduced hippo-
pregnancy sessed light-dark test ured by in- campal AChE
both in and elevated creased transi- activity, and
childhood | plus maze test tions and time reduced hippo-
and in spent in illumi- | campal TPH2
adulthood nated side in mRNA expres-
light-dark test sion in off-
and increased spring of
time spent in mothers

treated with
sodium sele-

nite.
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Kedzierska Sodium selenite, 0.5,1 | Albino Observation of Reduced anxi- Not assessed.
etal, 2017 and 2 mg/kg Swiss mice | anxiety during ety, as meas-
[47] (n=40, di- | adapted elevated | ured by in-
vided into | plus maze test creased time
four spent in open
groups) arm of elevated
plus maze with
all three doses
of sodium sele-
nite
Reis et al,, 4-phenylselenyl-7- Male Swiss | Observation of Reduced anxi- Decrease in
2017 [48] chloroquinoline (4- mice (n= anxiety during ety, as meas- cortical gluta-
PSQ), 5-50 mg/kg 32, divided | elevated plus ured by in- mate uptake,
into four maze test, light- | creased time but not gluta-
groups) dark test and spent in open mate release or
open field test; arm of elevated | Na*, K*-
induction of anx- | plus maze (25 ATPase activ-
iety by admin- mg/kg), and re- | ity, with 4-
istration of duced transi- PSQ; blockade
kainate (15 tions (50 mg/kg) | of kainate-in-
mg/kg) and time spent duced anxiety
on illuminated by 4-PSQ (50
size during mg/kg)
light-dark test
(25 and 50
mg/kg), with 4-
PSQ
Sousaetal, | a-(phenylselanyl)ace- | Male Swiss | Induction of anx- | Reduced anxi- Reduction of
2018 [49] tophenone (PSAP), 10 | mice (n= iety by acutere- | ety, as meas- stress-induced
mg/kg 21, divided | straint stress for | ured by reduced | elevations in li-
into three | 4 hours number of mar- | pid peroxida-
groups) bles buried in tion, reactive
marble burying | species, ni-
test and in- trites/nitrates
creased entries and corti-
and time spent costerone with
in open arm of PSAP.
elevated plus
maze, with
PSAP
Bampietal, | 1-methyl-3-(phenylse- | Male Swiss | Induction of anx- | Reduced anxi- Reduction of
2019 [50] lanyl)-1H-indole mice (n= iety by intra-cer- | ety, as meas- streptozotocin-
(MFSel), 10 mg/kg 24, divided | ebral ured by reduced | induced
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into four administration of | grooming in increases in li-
groups) streptozotocin open-field test pid peroxida-
(0.2 mg/4 ul) and increased tion, reactive

entries and time | species, nitrites
spent in open and AChE ac-
arm of elevated | tivity with

plus maze, with | MFSel.

MFSel
Casaril et al., | 3-[(4-chlorophenyl)se- | Male Swiss | Induction of anx- | Reduced anxi- Reduction of
2019 [51] lanyl]-1-methyl-1H- mice (n = iety by admin- ety, as meas- LPS-induced
indole (CMI), 1 mg/kg | 32, divided | istration of sin- ured by reduced | elevations in
into four gle-dose LPS number of mar- | IDO, IL-1p,
groups) (0.83 mg/kg) bles buried in TNF-a with

marble burying | CML
test and in-
creased entries
and time spent
in open arm of
elevated plus

maze, with CMI

Paltian et al., | 7-chloro-4-(phenylse- | Male Swiss | Observation of Reduced anxiety | Anxiolytic ef-

2020 [52] lanyl) quinoline (4- mice (n = anxiety during as measured by | fects of 4-PSQ
PSQ), 50 mg/kg 119) open-field test increased time abolished by
and elevated spent in open administration
plus maze task arm of elevated | of PTZ

plus maze with | (GABAa antag-
CMI, but no onist), pindolol
change in be- (5-HT1a antag-
haviour during | onist) or ketan-
open-field test. serin (5-HT2a
antagonist); 4-
PSQ reduced
PTZ-induced
increase in cor-
ticosterone and
PTZ-induced
decrease in
cortical BDNF,
CREB and NF-

KB expression

Birmann et 3,5-dimethyl-1-phe- Male Swiss | Induction of anx- | Reduced anxi- Reduction of

al,, 2021 [53] | nyl-4-(phenylselanyl)- | mice (n= iety by acute ety, as meas- stress-induced

21, divided ured by reduced | elevations in
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2022 [56]

mg/ml/kg)

Wistar rats
(n =36, di-
vided into

three

groups)

iety by exposure
to arsenic (2.5
mg/ml/kg for 4

weeks)

ety-like behav-
iours, as meas-
ured by in-
creased time
spent in open
arm of elevated

plus maze and

1H-pyrazole (SePy) (1 | into three restraint stress rearing and corticosterone,
and 10 mg/kg) groups) for 2 hours grooming in reactive spe-
open-field test, cies, lipid pe-
reduced number | roxidation and
of marbles bur- | increase in
ied in marble stress-induced
burying test, reductions of
and increased CAT and SOD
entries and time | with 10 mg/kg
spent in open SePy.
arm of elevated
plus maze, with
both doses of
SePy.
Mansouri et | Selenium (100-200 Male Induction of anx- | Reduced anxi- Increased corti-
al,, 2021 [54] | pg/kg) Wistar rats | iety by admin- ety, as meas- cal CAT and
(n=32,di- | istration of sin- ured by in- SOD in rats
vided into | gle-dose LPS (1 creased time treated with
four mg/kg) spent in open Se; greater
groups) arm of elevated | changes seen
plus maze test with 200 pg/kg
with 200 pg/kg | Se.
selenium
Pinz et al,, 6-((4-fluorophenyl)se- | Male Swiss | Induction of anx- | Reduced anxi- Reduction of
2021 [55] lanyl)-9H-purine mice (n= iety by intracere- | ety, as meas- streptozotocin-
(FSP), 1 mg/kg 28, divided | bral administra- | ured by reversal | induced in-
into four tion of strepto- of streptozoto- crease in corti-
groups) zotocin (2 pl of cin-induced re- | cal and hippo-
2.5 mg/ml solu- duction in dives | campal AChE
tion) and open arm activity and
entries during AChE mRNA
elevated plus expression
maze test, with with FSP
FSP
Samad et al., | Selenium (0.175 Male Induction of anx- | Reduced anxi- Increased lev-

els of GPx,
CAT and SOD
in rats treated

with Se.
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light-dark activ-
ity tests
Situ et al., Male and Observation of Reduced anxi- Abnormal hip-
2022 [57] female anxiety during ety-like behav- pocampal
mice with | open-field test, iour on open- Nissl bodies
targeted elevated plus field and ele- neuronal dam-
disruption | maze test; condi- | vated plus maze | age and re-
of the sele- | tioned fear tests and im- duced amyg-
noprotein | through pairing | paired fear con- | dala dendrite
W gene of noise with ditioning in fe- spine density
(SEPW1) electric shock to male mice with | in female mice
and con- foot disruption of with disrup-
trol mice SEPW1 tion of SEPW1;
no effect of
SEPW1 on lev-
els of lipid pe-
roxidation.

Abbreviations: 5-HT1a, serotonin type 1A receptor; 5-HT2a, serotonin type 2A receptor; 5-HTs3, serotonin type 3 receptor; AChE,
acetylcholinesterase; BDNF, brain-derived neurotrophic factor; CAT, catalase; CREB, cyclic AMP-response element binding pro-
tein; GABAA, gamma-amino butyric acid type A receptor; GPx, glutathione peroxidase; IDO, indoleamine 2,3-dioxygenase; IL-1f3,
interleukin-1 beta; LPS, lipopolysaccharide; MAO-A, monoamine oxidase type A; NF-«kB, nuclear factor kappa B; PTZ, pentylene-
tetrazol; Se, selenium; SOD, superoxide dismutase; T3, tri-iodothyronine; T4, thyroxine; TNF-a, tumor necrosis factor alpha; TPH2,

tryptophan hydroxylase 2.

Fourteen studies examined the effects of selenium or selenium compounds on animal
models of anxiety [43-56]. Of these studies, the majority (n = 10) used organic selenium-
containing compounds as interventions, while two used elemental selenium and two
used sodium selenite. All included studies were conducted in mice (n = 12) or rats (n =
4).

Various procedures were used for the induction of anxiety in experimental animals. In
seven studies, anxiety was induced by the administration of a drug or toxin: these
included lipopolysaccharide (LPS) (n = 2), streptozotocin (n = 2), corticosterone, kainate
and arsenic (n =1 each) [45, 48, 50, 51, 54-56]. In two studies, anxiety was induced by
subjecting animals to acute restraint [49, 53]. In the remaining seven studies, no method
of symptom provocation was used; instead, anxiety-like behaviours were compared
across treated and control animals during the performance of specific experimental
tasks, such as the open-field test, the elevated plus maze test, the light-dark box test, and
the marble burying test [42-44, 46, 47, 53, 57]. All but one of the studies examined adult
mice; a single study was conducted in the offspring of rats treated with sodium selenite
during pregnancy [46].
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In addition to the measurement of anxiety-related behaviours, several of these studies
also attempted to measure biomarkers that were associated with the administration of
selenium or its compounds, either peripherally or centrally. Peripheral markers that
were assayed included peripheral levels of adrenocorticotrophic hormone (ACTH) (n =
1), corticosterone (1 = 2), thyroid hormones (n = 1), cytokines (n = 1), antioxidant
enzymes such as glutathione peroxidase, superoxide dismutase and catalase (# = 3) and
measures of oxidative stress such as lipid peroxidation, reactive species and nitrites (1 =
4). Central measures, estimated through postmortem examination of brain tissue,
included the activity of enzymes such as acetylcholinesterase (AChE) (n = 3) and
monoamine oxidase A (MAOa) (n = 1), uptake of neurotransmitters such as glutamate (n
=2) and serotonin (n = 1), and expression of genes such as brain-derived neurotrophic
factor (BDNF), cyclic AMP response element-binding protein (CREB), nuclear factor
kappa B (NF-kB) and tryptophan hydoxylase 2 (TPH2) (n =1 each).

Overall, it was consistently observed that both selenium and selenium compounds
reduced anxiety-like behaviours during the performance of specific tasks, and also
abolished the anxiety-inducing effects of both drugs and toxins. There was evidence of a
dose-response relationship in three studies involving organic selenium compounds in
adult animals, with only the highest doses exhibiting a meaningful anxiolytic effect [43,
44, 48]. A single study of selenium also showed evidence of a dose-response effect [54];
however, a study of sodium selenite found that all three doses tested were found to be
effective in reducing anxiety [47]. In studies involving symptom induction by a
pharmacological agent, these behavioural effects were largely paralleled by reductions
or reversals of the biochemical changes induced by the agent itself; however, none of the
studies specifically examined if these biochemical changes were correlated with
reductions in anxiety-like behaviour.

Among these studies, a single study examined the effect of selenium administration
during pregnancy on anxiety in animal offspring [46]. In this study, it was found that
sodium selenite supplementation during pregnancy in rats was associated with reduced
anxiety-like behaviour in offspring both during their childhood and when they reached
adulthood. These effects were associated with increases in the levels of thyroid
hormones and reductions in brain AChE activity and mRNA expression for the TPH2
gene.

In three of the above studies, all involving organic selenium-containing compounds,
researchers examined if the observed anxiolytic effect could be abolished by the
administration of pharmacological agents acting on specific neurotransmitter receptors.
In these studies, it was found that blockade of gamma-aminobutyric acid type A
(GABAA) receptors or serotonin type 1A, 2A or 3 receptors (5-HT1a, 5-HT2a, 5-HT3)
appeared to abolish the beneficial effects of selenium compounds on anxiety and
anxiety-like behaviours [43,44,52].

In addition to these “interventional” studies, two studies examined the effect of the
disruption of genes coding for specific selenoproteins by comparing knock-out (KO)
animals with wild-type mice. In one of these studies, disruption of the selenoprotein P
gene (SEPP1) was associated with impairments in neural plasticity and learning, but had
no apparent effects on anxiety-like behaviours or fear conditioning [42]. In the second
study, disruption of the selenoprotein W gene (SEPW1) was associated with reduced
anxiety-like behaviour and impaired fear conditioning in female, but not male, mice [57].

2.2. Observational studies of selenium or related biomarkers in relation to anxiety in humans

Seven studies measured dietary selenium intake, peripheral levels of selenium, or
specific biomarkers considered to be related to selenium, in human subjects with either
anxiety disorders or symptoms of anxiety. These studies are summarized in Table 2.
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Table 2: Observational studies of selenium or selenium-related biomarkers in relation to

anxiety in humans

Study Country | Study Measure Parameter Results

of population of anxiety | measured
origin and sample
size

Zieker et | German | Patients with | Clinical Expression of | Significant

al, 2007 |y post-traumatic | diagnosis | selenium-related | down-

[58] stress disorder | of PTSD | genes — | regulation
(PTSD) according | thioredoxin of TXRI1
following alto reductase (TXR1) | and SODI1
disaster Diagnostic | and superoxide | in patients
(n=8) and dismutase with PTSD
Healthy Statistical (SQDI) —in DNA
controls Manue.ll,- microarray chips

4t edition
(n=8) (DSM-1V))
criteria

Ozdemir | Tirkiye | Patients with | Clinical Serum selenium, | Significantl

et al,, obsessive- diagnosis | measured by |y lower

2009 [59] compulsive of OCD | atomic selenium
disorder according | absorption GSH-Px
(OCD) to spectrometry and CAT,
(n=28) Diagnostic | plasma and higher
Age- and sex- and. . malondialdehyde | MDA an.d
healthy 4 edition | LTYthrocyte with OCD.
controls hemolysate

(DSM-1V) . No

(n=28) criteria glutat.hlone )
peroxidase (GSH- | correlation
Px) activity between
Erythrocyte Seruin
su}[;eroxize selenium
dismutase (SOD) and OCD

symptom

Catalase (CAT) severity.
activity

Jamali et | Iran Patients living | Depressio | Dietary selenium | Significant

al, 2016 with n, Anxiety | intake (pg/day) | negative

[60] HIV/AIDS and Stress | measured using a | correlation
(n =100) Scale, 42- | 168-item food | observed

item frequency between

version questionnaire dietary

(DASS-42) selenium
intake and
anxiety
score.

Salehi- Iran Adults  from | Hospital Selenium-rich No

Abargou the general | Anxiety diet, measured | significant

ei et al, population and using a 106-item | association

2019 [61] Depressio | food frequency | between a
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(n =3846) n Scale | questionnaire selenium-
(HADS) assessing the | rich  diet
daily intake of 57 | and anxiety
nutrients scores.
Wieder- | Poland | Healthy State-Trait | Serum selenium, | No
Huszla et postmenopaus | Anxiety measured by | significant
al, 2020 al women Inventory | absorption association
[62] (n=102) (STAI) spectrometry between
serum
selenium
and anxiety
score.
Portnoy China Children from | Screen for | Serum selenium, | Lower
et al,, the general | Child measured by | serum
2022 [63] population Anxiety atomic selenium
(n =831) Related absorption significantl
Emotional | spectrophotomet |y
Disorders | ry associated
(SCARED) with
generalize
d, social,
panic,
school-
related and
overall
anxiety,
but not
separation
anxiety.
Zhang et | China Rural children | Conners’ Urinary No
al., 2022 aged 7-11 from | Parent selenium, significant
[64] the general | Rating measured by | association
population Scale inductively between
(n=831) (CPRS) coupled plasma- | urinary
mass selenium
spectrometry and anxiety
score.

Of the included studies, two studies examined dietary intake of selenium using food
frequency questionnaires; one measured serum selenium levels alone; one measured
urinary selenium excretion; one measured levels of oxidative stress markers along with
serum selenium; and one study examined the expression of specific genes considered to
be related to selenium by the researchers. There was significant heterogeneity in patient
populations, which included school-age children in the general population (n = 2); adults
from the general population (1 = 1); postmenopausal women (1 = 1); patients with
HIV/AIDS (n = 1); patients with obsessive-compulsive disorder (OCD) (n = 1); and
patients with post-traumatic stress disorder (n = 1). All the studies involving participants
without a psychiatric diagnosis (n = 5) used standardized and validated rating scales for
the measurement of symptoms of anxiety. Sample sizes were low in studies of patients
with a formal psychiatric diagnosis (1 = 28 for OCD, 8 for PTSD), but relatively higher (n
=100 - 3846) in the other studies.

The results of this research are mixed, with more consistent results being obtained in
clinical samples. Two studies of Chinese children found that serum selenium was
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significantly associated with both overall and specific symptoms of anxiety [63], but
failed to find an association between urinary selenium and symptoms of childhood
anxiety [64]. A single study of adults in the general population found no association
between a selenium-rich diet (defined as a diet rich in grains and dairy by the
researchers) and symptoms of anxiety; however, selenium intake was not specifically
quantified in this sample [61]. Likewise, a study of healthy post-menopausal women
found no association between serum selenium and anxiety [62]. On the other hand,
lower dietary selenium intake was associated with anxiety in patients living with
HIV/AIDS [60]. In the two studies involving patients with psychiatric diagnoses, OCD
was associated with lower serum selenium, GPx and catalase, and higher levels of
oxidative stress markers [59], while patients with PTSD showed lower levels of
expression of two putative selenium-related genes: thioredoxin reductase and
superoxide dismutase [58]. The study of patients with OCD did not observe any
correlation between serum selenium levels and symptom severity.

2.3. Clinical trials of selenium or selenium-containing supplements for anxiety

Seven clinical trials examined the efficacy of selenium, or selenium-containing
supplements, in the prevention or treatment of patients with anxiety and related
disorders [65-71]. These trials are summarized in Table 3.

Table 3: Clinical trials of selenium or selenium-containing supplements in patients with
anxiety and related disorders or symptoms.

Study Trial Trial design | Interventio | Durati | Outcome Result(s) | Safety
populatio n on measure(s) and
n and tolerabili
sample ty
size outcomes
Gosney et | Nursing Randomize | Multivitami | 8 Hospital No Significan
al, 2008 | home d controlled | n and | weeks | Anxiety and | significan | tly higher
[65] residents | trial (7 = 36 | mineral Depression t drop-out
aged >60 | in active | supplement Scale (HADS) | differenc | rate  in
years, group, n = | containing e suppleme
with 37 in | selenium (60 between | nt group
intact placebo pg/tablet), supplem | (10/36)
cognition | group) given as 4 ent and | than in
and no tablets/day placebo placebo
major (i.e., 240 on HADS | group
depressio ug/day anxiety (3/37).
n or selenium) scores.
critical vs. placebo
medical
illness
(n=73)
Rucklidge | Adults Retrospectiv | Micronutrie | 8 Depression, Significa | Not
etal, 2011 | with e analysis of | nt weeks | Anxiety and | ntly reported
[66] attention- | data from | supplement Stress Scale, | lower
deficit two  open | containing 42-item anxiety
hyperacti | trials and | 36 vitamins version scores in
vity one and (DASS-42) supplem
disorder randomized | minerals, ent group
(ADHD) controlled including at 2
exposed trial (n = 16 | selenium (26 weeks
to an | on ug/capsule), post-
earthquak | supplement | given as 15 earthqua
e (n=33) and n = 17 | capsules/da ke
not on |y (e, 390 (estimate
treatment or | ug/day d effect
on placebo) | selenium) size 0.69)
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Voicehov | Military Controlled Selenium 6 Changes in | Reductio | Not
skis et al., | personnel | clinical trial; | (200 ug/day) | month | PTSD n of | reported
2014 [67] considere | randomizati | vs. placebo s Symptom 46.03% in
d at risk | on not Checklist - | those
for post- | mentioned Military screening
traumatic | (n = 64 for Version positive
stress selenium (PCL-M) for PTSD
disorder and n = 33 Measuremen | ©n  the
(PTSD) for placebo) t of | PCL-Min
(n=97) malondialde | the )
hyde (MDA) selenium
in a subset (n | 8TOUP;
= 62) of the significan
sample t
reduction
in MDA
with
selenium
compare
d to
placebo.
Kaplan et | Adults Randomize | Broad- 6 Depression, Significa | Minor
al, 2015 | aged 23- | d  clinical | spectrum weeks | Anxiety and | nt adverse
[68] 66 trial (n = 17 | mineral/vita Stress Scale, | reduction | events
exposed in vitamin D | min (BSMV) 42-item inanxiety | (headach
toaflood | group, n = | supplement version in the | e, nausea,
(1 =56) 21 in few- | including (DASS-42) BSMV rash)
nutrients selenium and B- | compara
group, n = | (45.2 complex | ble across
18 in broad | ug/capsule), groups groups;
spectrum given as 4 compare | no
mineral/vita | capsules/da d to | significan
min group) | y (i.e, = 180 vitamin t
ug/day D differenc
selenium) (estimate | e in drop-
vs. vitamin d effect | out rates
D (1000 size 0.89); | between
IU/day) and no groups.
B-complex significan
supplement t
(1 differenc
capsule/day e
) between
BSMW
and B-
complex
groups
Sayyah et | Patients Randomize | Selenium 6 Mean Mean Adverse
al, 2018 | with d controlled | (200 ug/day) | weeks | reduction in | reduction | events
[69] treatment | trial (n = 16 | vs. placebo Yale-Brown in Y- | (sedation,
-resistant | in each Obsessive- BOCS constipati
obsessive- | group) Compulsive significan | on,
compulsi Scale (Y- | tly nausea,
ve BOCS) score | greater in | tremor,
disorder Response, selenium; | sexual
(1=32) defined  as | Tesponse | dysfuncti
>25% rates on)
reduction in | 437% in | compara
Y-BOCS selenium | ble
score group between
and 7.1% | selenium
in and
placebo placebo;
group. no
significan
t
differenc
e in drop-
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out rates
between
groups.
Raygan et | Patients Randomize | Combined 12 Beck Anxiety | Significa | No
al, 2019 | with d controlled | selenium weeks Inventory nt adverse
[70] diabetes trial (n = 27 | (200 pg/day) (BAI) reduction | effects
mellitus in each | and in BAI in | reported
(type 1II) | group) probiotic (8 supplem | by
and X 10° ent group | participa
coronary CFU/day) compare | nts;  no
heart vs. placebo d to | significan
disease (n placebo t
=54) group differenc
(mean e in drop-
differenc | out rates
e -1.46) between
groups.
Sarris et | Patients Open label | Supplement | 20 Mean Significa | Treatmen
al, 2021 | with trial containing weeks | reduction in | nt mean | treported
[71] treatment selenium, Yale-Brown reduction | as well-
-resistant zing, Obsessive- (7.13 tolerated
obsessive- magnesium, Compulsive points) in | overall;
compulsi pyridoxal Scale (Y- | Y-BOCS; | no
ve 5- BOCS) score 23%  of | treatment
disorder phosphate, Response, patients drop-
(1 =28) N-acetyl defined  as | Classified | outs.
cysteine and >35% as
L-theanine reduction in | responde
Y-BOCS s
score

Among these trials, two were conducted specifically in patients with treatment-resistant
obsessive-compulsive disorder (OCD). In the first of these, administration of adjunctive
selenium (200 pg/day) was superior to placebo both in terms of OCD symptom
reduction and in response rates over a period of 6 weeks; the odds of a clinically
meaningful response were approximately 6 times higher with selenium than with
placebo [69]. In the second, selenium (200 pg/day) was administered as part of a
nutraceutical supplement including several other minerals and antioxidants in an open-
label design for 20 weeks. In this trial, a significant reduction in OCD symptom scores
was also observed, and 23% of patients were classified as responders. It was also found
that patients with more severe OCD at baseline were less likely to respond to the
selenium-containing supplement [71].

Two trials examined the efficacy of selenium or selenium-containing supplements in the
treatment of symptoms of anxiety in specific clinical populations. In a trial involving 54
patients with comorbid type II diabetes mellitus and coronary artery disease, a
combination of selenium (200 pg/day) and a probiotic was superior to placebo in
reducing self-reported symptoms of anxiety [70]. On the other hand, a trial of a multi-
vitamin and mineral supplement containing selenium (240 pg/day) in geriatric nursing
home residents found no significant effect of this treatment on clinician-rated symptoms
of anxiety, though it was superior to placebo in reducing symptoms of depression [65].

The remaining three trials examined the efficacy of selenium or selenium-containing
supplements in the prevention of anxiety-related symptoms. Two of these were
conducted in civilians, and one in military personnel. In the first of the civilian studies,
data on adults with a diagnosis of attention-deficit hyperactivity disorder, enrolled in
three ongoing trials of a selenium-containing dietary supplement (selenium 390 ug/day),
was retrospectively analyzed following exposure to an earthquake. It was found that
patients who were receiving the supplement had significantly lower levels of anxiety
compared to those on placebo or no treatment, with a medium effect size (0.69) [66]. In
attempt to replicate this work, a randomized clinical trial involving three treatment arms


https://doi.org/10.20944/preprints202210.0013.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 October 2022 doi:10.20944/preprints202210.0013.v1

—vitamin D, vitamin B complex supplementation, and a broad-spectrum mineral-
vitamin (BSMV) supplement containing selenium (~ 180 pg/day) was conducted in
adults without a psychiatric diagnosis exposed to a flood. In this trial, both the BSMV
supplement and the vitamin B complex supplement were superior to vitamin D in
reducing symptoms of anxiety; however, there was no significant superiority of the
BSMYV supplement over vitamin B complex (effect size 0.12). The estimated effect size in
this trial (for BSMV vs. vitamin D) was somewhat larger (0.88) [68]. Finally, in a trial
involving 97 Latvian army personnel considered to be at risk of post-traumatic stress
disorder (PTSD), treatment with 200 pg/day of selenium for 6 months was associated
with a lower screen-positive rate for PTSD; selenium treatment was also associated with
lower levels of malondialdehyde, a marker of lipid peroxidation [67].

Safety data was presented in five of the seven trials. Adverse events reported with
selenium or selenium-containing supplements were generally mild in severity and
included headache, nausea, and constipation [68,69]. More significant adverse events
included sexual dysfunction, sedation and tremor; however, as patients reporting the
latter adverse events were also taking antidepressants, it is not clear whether selenium
was responsible for their emergence [69]. In general, treatment drop-outs due to adverse
effects (in the trials involving control groups) were not increased in selenium-treated
patients [68-71]. The only exception to these general observations was a trial involving
elderly patients (mean age 82 years), where drop-outs from treatment were higher in the
treatment group (10 of 37) than in the placebo group (3 of 36); this difference was
statistically significant (p = .035, Fisher’s exact test) [65].

As all the included studies involved small samples, and there was wide variation both in
terms of treatment interventions (i.e., selenium vs. selenium-containing supplements)
and outcomes (anxiety, OCD symptoms, PTSD symptoms), it was not possible to
conduct a formal meta-analysis or to systematically assess publication bias. However,
some of the study methods adopted (retrospective analysis of pooled open-label and
randomized data, n = 1; method of randomization not described, n = 1; no placebo or
control group, n = 1) could potentially lead to a bias towards positive or favourable
study results.

3. Discussion

Selenium is an essential micronutrient involved in several biological processes, most
specifically as a component of various selenoproteins. Recent evidence suggests that the
role of selenium and selenoproteins in brain functioning extends beyond protection
against oxidative stress, and may involve protective effects or functional interactions
with dopaminergic, cholinergic, and GABAergic pathways, as well as the effect of sele-
noprotein P on specific post-synaptic receptors [72]. There is also evidence that selenium
can alter the functioning of the gut-brain axis [73] and may be involved in the regulation
of the stress response through interaction between glucocorticoids and selenoproteins
[41]. This evidence has led to an interest in the use of selenium or its compounds in the
management of common mental disorders, namely, depression and anxiety disorders.
An earlier review of the literature suggested that while selenium was a theoretically use-
ful adjunctive approach to the management of depression and anxiety, there was no firm
clinical evidence of its efficacy [74]. Subsequent research has shown that selenium sup-
plementation, at a dose of 30-200 pig/day, appears to be effective in the prevention and
treatment of depression in diverse clinical populations, including pregnant women [75],
women with polycystic ovarian disease [76] and adults with comorbid obesity and de-
pressive symptoms [77]; in one of these trials, selenium appeared to be effective in re-
ducing scores on a composite measure of anxiety and depression, even though anxiety
sub-scores were not analyzed separately [76]. Selenium supplementation was well-toler-
ated in these trials, with few significant adverse effects or elevated drop-out rates. These
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findings provide a rationale for the possible use of selenium, either alone or as part of a
nutritional supplement, in the management of anxiety and related disorders.

The data reviewed from animal studies in this paper provides further support for this
suggestion, suggesting that both selenium and selenium-containing organic compounds
were effective in reducing anxiety-like behaviours in rodents. This research also identi-
fied some of the possible molecular mechanisms underlying the anxiolytic effect of sele-
nium, involving reduction in oxidative stress [49, 50, 54, 53, 56], reductions in the levels
of pro-inflammatory cytokines [51], normalization of stress-induced changes in hypotha-
lamic-pituitary-adrenal axis functioning [45, 53], interactions with neurotransmitters
such as serotonin, glutamate and GABA [43-46, 48, 49, 52], and alterations in thyroid
functioning [46]. However, these results should be interpreted with caution for the fol-
lowing reasons. First, while some of the animal models used in this research — such as
observation during task performance, exposure to restraint stress, and administration of
glucocorticoids — may be relevant to the onset or persistence of anxiety disorders in hu-
mans, others, such as the administration of toxins, cannot be interpreted in this manner.
Second, the majority of such studies involved complex organic molecules containing
selenium; it is not clear to what extent the presence of selenium in these compounds — as
opposed to other aspects of their chemical structure — was associated with a specific an-
xiolytic effect. Third, most of the studies identified in this review were of short duration,
whereas anxiety disorders in humans tend to be chronic in nature. Fourth, no meaning-
ful information on safety in humans could be derived from these short-term trials. De-
spite these limitations, the results of animal models suggest that selenium and selenium-
containing compounds may exert an anxiolytic effect through multiple mechanisms, giv-
ing them a theoretical advantage over existing drugs that act through a limited number
of neurotransmitter pathways [32]. A further finding of interest in these studies, though
requiring replication, is the possible effect of selenoprotein W on fear conditioning, sug-
gesting that the expression of this protein may underlie differences in individual vulner-
ability to anxiety and related disorders [57].

There are relatively few observational studies examining the links between selenium
intake, serum levels of selenium, or selenium-related biomarkers and anxiety in humans,
and the results of these studies do not suggest a consistent association between selenium
levels and anxiety. At least a portion of this variation could be due to differences in
study methodology — studies measuring dietary selenium intake through question-
naires, or urinary selenium, were more likely to yield negative results [61, 64], as were
studies involving healthy individuals with no known medical or psychiatric diagnosis
[61, 62]. Other methodological factors likely to be involved include the nature of the
questionnaires used for the assessment of anxiety; for example, a study making use of a
multi-dimensional assessment of different types of anxiety was able to establish a tenta-
tive link between serum selenium and some of the dimensions of anxiety [63]. Finally, an
important confounding factor in research of this sort is baseline selenium intake, which
varies widely across countries depending on dietary practices and soil selenium levels
[78, 79]. The possible associations between selenium, oxidative stress markers and OCD
[59] and between selenium-related gene expression and PTSD [60] require replication,
and further studies of selenium and related biomarkers in other anxiety disorders, such
as generalized anxiety disorder, panic disorder and social anxiety disorder, are war-
ranted. Few definitive conclusions can be drawn from the available observational data.

Based on data from controlled clinical trials, there is replicated evidence for a possible
role of selenium in the treatment of OCD, and more specifically OCD that is resistant to
standard modes of treatment, such as serotonin reuptake inhibitors and behaviour ther-
apy [69, 71]. However, even in this case, only a minority of patients were considered to
have shown a satisfactory response to treatment, and this number decreased when a
more stringent definition of response (35% reduction in OCD symptom scores, as
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opposed to 25%) was used [71]. Given that this treatment was well-tolerated in both
studies, this approach merits further exploration, particularly replication in larger sam-
ples.

The evidence for a combination of selenium and probiotic in the management of anxiety
in a medically ill sample, though based on a study of good methodological quality, can-
not easily be generalized to patients with anxiety disorders in the community. This is
because the pathophysiology of anxiety in patients with cardiac or metabolic disorders
may be distinct from that observed in patients with anxiety and no medical comorbidi-
ties [80, 81]. Likewise, evidence on the role of selenium-containing supplements in pre-
venting anxiety in individuals exposed to severe stress, though promising, cannot be
easily translated into clinical recommendations due to the methodological limitations of
the existing studies. Moreover, the possibility of a bias towards the publication of posi-
tive results, which is high in studies related to psychopharmacology, should always be
borne in mind [82], particularly when proprietary products are used [83] — which was
the case in two of the “preventive” trials [66, 68].

Concerns related to the safety of selenium, either alone or as part of a supplement, also
require consideration in the context of controlled clinical trials. Of the seven trials, only
four reported data on adverse events, and five provided information on drop-out rates.
Though reported adverse effects tended to be mild, this information was derived from
short- to medium-term clinical trials, and it is not known if more severe adverse events
would emerge if selenium-containing supplements were administered for a longer pe-
riod of time [84]. Data from a single trial suggests that elderly patients may be particu-
larly likely to discontinue this form of treatment prematurely, though it was not specifi-
cally mentioned if this was due to adverse events [65].

Certain limitations of the current review require elaboration. First, though animal stud-
ies suggest that selenium or selenium-containing organic compounds have anxiolytic
properties, these findings cannot be directly “translated” to human patients with a clini-
cal diagnosis of anxiety disorder, and any molecular “lead” obtained from this research
should be carefully evaluated for both safety and efficacy. Second, there is a paucity of
observational studies on the link between selenium and syndromal anxiety disorders in
humans; it is not possible to conclude that any significant relationship exists based on
the available data, except possibly in patients with OCD and in children. Third, other
than the trials involving OCD patients, no controlled clinical trial has evaluated the effi-
cacy and safety of selenium or selenium-containing supplements in other well-defined
anxiety disorders, such as generalized or social anxiety disorder. Fourth, many of the
human clinical trials involved included selenium as part of a supplement containing sev-
eral other vitamins and minerals; it cannot be stated for certainty that selenium was re-
sponsible for the clinical benefits observed [66, 68, 70, 71]. Fifth, it is not known if sele-
nium is effective in all patients with anxiety, or only in a subset with specific biological
changes, such as a low serum selenium or elevated markers of oxidative stress [74]. Fi-
nally, there are risks inherent in selenium supplementation, particularly in those with a
high dietary intake of this micronutrient [85], and a narrow therapeutic index may limit
the real-world efficacy of selenium-based treatments [84].

4. Materials and Methods

The current paper aims to provide a comprehensive review of pre-clinical and clinical
research on the relationship between selenium, selenium-containing compounds, and
anxiety disorders. Due to the broad nature of the review topic and the difficulty in syn-
thesizing the results of disparate types of research (translational, observational and inter-
ventional), a scoping review methodology was adopted for this review, and it was con-
ducted in adherence with the PRISMA-ScR guidelines [86].
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For the purpose of this review, the PubMed, Scopus and ScienceDirect databases
were searched for relevant citations using the search terms “anxiety”, “anxiety disorder”,
“anxiety disorders”, “generalized anxiety disorder”, “social anxiety disorder”, “social
phobia”, “panic disorder”, “agoraphobia”, “obsessive-compulsive disorder” and “post-
traumatic stress disorder”, and their recognized variants, in conjunction with “selenium”,
“selenoprotein” and “selenoproteins”. All studies published up to September 20, 2022
were considered for inclusion. A total of 373 citations were retrieved using this method.
Following the removal of duplicate citations, the titles and abstracts of 268 citations were
screened for possible inclusion in the review. The following types of original research

were considered for inclusion in this review:

e invitro or animal studies examining the relationship between selenium, sele-
noproteins or selenium-containing compounds and experimentally-induced
anxiety-like symptoms or behaviours

e observational studies examining the links between levels of selenium or sele-
noproteins and symptoms of anxiety or syndromal anxiety disorders in hu-
man subjects

o interventional studies (clinical trials) examining the therapeutic effect of sele-
nium or selenium-containing compounds in the management of anxiety dis-
orders, including OCD and PTSD

Of the 268 citations screened for inclusion, 58 citations were excluded because they were
unrelated to the topic of the review. These included animal or human studies of selenium
or selenium-containing compounds in other types of disease, such as dermatological or
endocrine disorders, with no measurement of anxiety-related outcomes. The full text of
the remaining 210 articles was examined. Among these, 181 citations were excluded be-
cause they represented other publication types, such as general reviews, commentaries or
letters to the editor, that contained no original research or evidence. By searching the ref-
erences of the remaining 29 papers, one further paper was identified for inclusion. In all, a
total of 30 studies were included in this review [42-71].

The included studies were tabulated and were found to belong to the following categories:

(a) studies of selenium, selenoproteins and selenium-containing compounds in relation to
anxiety in animal models (n = 16) [42-57]

(b) observational studies measuring dietary selenium intake, levels of serum selenium or
other selenium-related biomarkers in patients with either anxiety disorders or symptoms
of anxiety (n =7) [58-64]

(c) clinical trials of selenium or selenium-containing supplements in the prevention or
management of anxiety and related disorders (1 = 7), including two studies of selenium
and five studies of selenium as one of the components of a nutritional supplement. [65-71]

Due to the heterogeneity in patient populations, study objectives and outcome measures
in the clinical trials, a formal meta-analysis was not undertaken for these studies. However,
primary and secondary outcomes of efficacy, as well as information related to treatment-
emergent adverse events and drop-outs, were tabulated and summarized for each trial.

A flow diagram of the review process is provided in Figure 1.
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J' > review topic
(n=58)
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l General review — 78
Letter to the editor (no
Full-text articles included in the research data) - 39

scoping review (n = 29)

Full-text articles retrieved
through reference search of the
above articles (n=1)

Y

Papers included in the final
scoping review
(n=30)

Animal studies — 16
Observational studies -7
Clinical trials =7

Figure 1: PRISMA-S5cR flow diagram for the current review.

5. Conclusions

The available translational and clinical evidence is consistent with a possible role for sele-
nium supplementation in the management of anxiety disorders. However, variations in
the quality and quantity of this evidence do not permit a more definitive conclusion to be
drawn. However, the existing literature does provide a clear delineation of research ques-
tions that need to be answered before selenium can be used to treat anxiety disorders in
clinical practice. First, the basic neurobiological mechanisms involved in the effects of se-
lenium on anxiety need to be elucidated in greater detail, through the use of in vitro and
animal models examining this element in relation to neurotransmitter, endocrine, im-
mune-inflammatory and oxidative stress pathways. This would also include a clearer
characterization of the receptor-binding profiles of organic selenium compounds, and
whether their effects are critically dependent on their selenium content. Second, observa-
tional studies of serum selenium levels should be carried out both in large general popu-
lation samples (to examine the relationships between normal and subnormal selenium
levels with subsyndromal levels of anxiety) and in patients with a clinically diagnosed
anxiety disorder (to examine relationships between selenium levels and specific diagno-
ses, symptom dimensions or symptom severity). The incorporation of biomarkers related
to the physiological properties of selenium, such as measures of oxidative stress, would
enhance the quality of such studies and allow for a better delineation of underlying
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biological mechanisms. Finally, controlled clinical trials should focus on the use of sup-
plemental selenium rather than wide-ranging multivitamin and mineral supplementa-
tion. Such trials should incorporate measurement of baseline and post-treatment selenium
levels, to identify a possible relationship between baseline selenium and treatment re-
sponse, and should also report data on adverse effects and treatment tolerability with
greater rigour. Further issues of clinical relevance, such as long-term safety and efficacy
and the identification of biomarkers of response (endocrine, oxidative stress-related or
neurochemical), would depend upon the demonstration of safety and efficacy in short-
term, randomized controlled trials of selenium in anxiety disorders.
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