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Abstract: Anxiety disorder is characterized by excessive fear or avoidance of perceived threats that can
be persistent and debilitating. Diet is a modifiable risk factor that may contribute to the pathogenesis
or treatment of anxiety, depending on diet quality. Although the biological mechanisms by which
food, specific nutrients, and nutraceuticals impact mental health are not completely understood,
implicated pathways include inflammation, oxidative stress, brain plasticity effects, mitochondrial
dysfunction, and neurotransmitter metabolism. Essential dietary trace minerals such as zinc, copper,
iron, and selenium are critical components for numerous biological proteins and may have a role in
these proposed mechanisms related to brain health and anxiety. This narrative review examines the
influence of essential trace elements zinc, copper, iron, and selenium on anxiety symptoms based
on the latest peer-reviewed scientific evidence. Current research indicates that deficiencies in zinc,
iron, and selenium are associated with anxiety, while copper overload may impact anxiety to a
greater degree than copper deficiency. Further investigation is needed to understand the specific
neurobiological mechanisms involved. Overall, the collective findings demonstrate the importance
of optimizing trace mineral homeostasis for the mitigation of anxiety disorders and preservation of
mental health.
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1. Introduction

Anxiety disorder is characterized by excessive fear or avoidance of perceived threats that
can be persistent and debilitating [1]. It involves constant anticipation of real or imagined
future threat or danger. According to the World Health Organization, 301 million people were
living with an anxiety disorder in 2019, including 58 million children and adolescents [2]. The
National Institute of Mental Health reports an estimated 31.1% of U.S. adults will experience
some type of anxiety disorder during their lifetime, with a higher prevalence for females (23.4%)
than for males (14.3%). For U.S. adolescents aged 13–18, an estimated 31.9% had any anxiety
disorder, with a higher prevalence for females (38.0%) than for males (26.1%) [3]. Specific types
of anxiety include generalized anxiety disorder, panic disorder, agoraphobia, social anxiety
disorder, specific phobia, separation anxiety, and selective mutism [1]. Worldwide, anxiety
disorders account for 3.3% of the global burden of disease and are ranked the ninth most
health-related cause for disability. The pathophysiology of anxiety involves dysfunction in
brain circuits that respond to danger and can be influenced by genetics, the environment, and
epigenetic factors. Cognitive behavioral therapy and pharmacotherapy are the most common
treatment methods, although alternative strategies include exercise, mindfulness practice, and
transcranial stimulation techniques [4]. Nutritional psychiatry is an emerging discipline that
involves the practice of using food and nutritional supplements to improve mood disorders
in conjunction with conventional treatments, showing promise for enhanced methods to treat
anxiety [5–8].

Diet is a modifiable risk factor that may contribute to the pathogenesis or treatment of
anxiety, depending on diet quality [9]. Epidemiological studies suggest that healthy dietary
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patterns, such as the Mediterranean Diet, may reduce the risk of anxiety, while poor-quality
diets that include regular consumption of fried foods, sugar, refined grains, and alcohol are
associated with higher risk for anxiety disorders [10]. There is growing evidence that diet
interventions based on improved dietary patterns or specific nutrients show potential for
the prevention or treatment of various mental health disorders [7,9–12]. Specific nutrients
play important roles in maintaining brain health and central nervous system homeostasis.
For example, polyunsaturated omega-3 fatty acids, such as docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA), have known beneficial effects on brain structure and
function [9]. Monounsaturated fatty acids have been shown to modulate brain activity.
Quality proteins provide amino acids such as tryptophan and tyrosine for the synthesis
of key neurotransmitters, including serotonin, melatonin, and dopamine. High fiber
carbohydrates provide prebiotics for a healthy microbiome by stimulating the synthesis of
short chain fatty acids for immune system protection and anti-inflammatory effects with
a downstream effect on mood. Vitamins, minerals, and bioactive compounds have also
been shown to improve brain health through improved cognition, increased antioxidant
activity, and protection against neurodegeneration [9,11]. Key micronutrients regulate stress
responses through their role in the production and metabolism of neurotransmitters and
are involved in the synthesis of omega-3 fatty acids that are associated with a lower risk of
anxiety [10]. Additionally, certain dietary nutrients have an impact on neuronal membrane
structure and neurotransmitter release. Based on current evidence that food can impact
mood with the influence of key nutrients on important neurobiological processes [7–12], it is
imperative that diet should be considered for the preservation of mental health. Furthermore,
dietary analysis with appropriate recommendations should be integrated into more treatment
plans for the alleviation of anxiety symptoms.

The biological mechanisms by which food, specific nutrients, and nutraceuticals impact
mental health are not completely understood, however, implicated pathways include
inflammation, oxidative stress, brain plasticity effects, mitochondrial dysfunction, and
neurotransmitter metabolism [6,13]. Trace elements such as zinc, copper, iron, and selenium
are cofactors for numerous biological enzymes and may have a role in these proposed
mechanisms related to brain health and anxiety. Essential dietary minerals are critical
for the optimization of both physical and mental health [12]. Although a healthy and
varied diet that includes lean meats, vegetables, fruits, whole grains, and low-fat dairy
is the preferred way to obtain essential micronutrients, dietary supplements can also be
used to ensure that we are meeting our nutritional requirements [14]. Broad spectrum
micronutrient interventions have shown promise for reducing symptoms associated with
stress and anxiety [15–18]. Specific mineral treatments for the relief of anxiety have also
been investigated [12,19–22]. In the following literature review, we focus our attention
on the influence of essential trace minerals zinc, copper, iron, and selenium on anxiety
treatment and prevention based on the latest peer-reviewed scientific evidence.

2. Methods and Search Criteria

Studies were chosen for this narrative review by searching PubMed for articles published
between 1990–2022. Other databases such as Google Scholar, ProQuest, and JSTOR were used
when additional information was needed to provide a balanced, comprehensive review of
each mineral. Search terms and key phrases included “trace elements and anxiety”, “trace
minerals and anxiety”, “microminerals and anxiety”, “micronutrients and anxiety”, “zinc and
anxiety”, “copper and anxiety”, “iron and anxiety”, “selenium and anxiety”, “zinc (or other
mineral) deficiency”. Additional search phrases were used replacing the term “anxiety” with
“mental health”. Original research and review articles involving human and animal studies
relevant to these search terms were included. All authors participated in the search process to
obtain relevant, peer-reviewed research for the purpose of providing an unbiased overview of
recent findings related to anxiety and trace minerals zinc, copper, iron, and selenium.
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3. Zinc

Zinc is an essential trace mineral in the diet due to its key role in gene expression,
immune function, wound healing, and cell division [23]. It also supports normal growth,
sexual maturation, and our sense of taste and smell [24]. A deficiency in zinc can lead to
physical health issues and mental health illnesses, including depression and anxiety [25].
The recommended dietary allowance (RDA) for zinc increases with age and ranges from
2–13 mg [24]. Adult females require 8 mg/day or 11–13 mg/day when pregnant or lactating.
Adult males require approximately 11 mg/day. Consuming foods such as red meat, poultry,
seafood, beans, nuts, whole grains, dairy, and fortified breakfast cereal will help to meet
these dietary recommendations. Oysters are particularly high in zinc, with 74 mg per
three-ounce serving, providing 673% of the daily value. Zinc is also commonly found in
cold lozenges and some commercial cold remedies.

Zinc participates in several diverse roles within the body as a component of various
metalloenzymes. It provides structural integrity for many proteins and is a required cofactor
for numerous metabolic reactions [26]. Investigations into the molecular mechanisms involved
in the development of mental health disorders suggest a role for zinc in the regulation of
neurotransmitter systems, antioxidant activity, neurotrophic factors, and neuronal precursor
cells [27]. Additionally, zinc may be involved in regulating neurotransmitter metabolism in
the hippocampus, with a potential influence on mental health and anxiety-like behaviors [12].

There is current evidence that supports an association between dietary zinc deficiency
and anxiety. For example, a cross-sectional study with female high school students found a
positive correlation between dietary zinc intake and serum zinc levels and a corresponding
inverse association between serum zinc and anxiety symptoms. Zinc intake was assessed
using a 24 h food recall questionnaire and anxiety was evaluated using a combination of
Beck’s Depression Inventory and the Hospital Anxiety Depression Scale [28]. Another
cross-sectional study in female university students found an inverse association between
dietary zinc intake and anxiety using a 12-month food frequency questionnaire and the Beck
Anxiety Inventory survey as assessment tools [29]. Furthermore, a cross-sectional study
in adult Japanese workers found an inverse association between dietary zinc and anxiety
symptoms. Anxiety was evaluated using the Kessler’s six-item psychological distress scale,
and a validated food frequency questionnaire was used to assess dietary intake [30]. In
a preclinical study, male and female C3H/HenRj mice fed a prenatal zinc-deficient diet
displayed higher anxiety-like behavior at the age of 15 weeks, despite being fed a postnatal
zinc-sufficient diet [31].

Related studies that did not include a diet analysis found a similar relationship between
zinc deficiency and anxiety. In children and adolescents with attention-deficit/hyperactivity
disorder, low serum zinc was correlated with higher anxiety and conduct issues [32]. In
male Chinese participants, cerebrospinal fluid zinc concentrations were negatively correlated
with anxiety symptoms [33]. A study conducted in Bangladesh found that there was an
imbalance of minerals in a cohort of patients with generalized anxiety disorder. Specifically,
the participants who suffered from anxiety had low blood serum concentrations of zinc and
high serum concentrations of copper, manganese, and iron [34]. Taken together, these clinical
and preclinical studies, with or without a diet analysis, demonstrate a strong connection
between zinc deficiency and anxiety.

Zinc therapy is a treatment option that has been investigated for the alleviation of
anxiety symptoms in both humans and animals. A randomized controlled trial in patients
with type 2 diabetes mellitus and coronary heart disease found that a combination of
zinc sulfate and magnesium oxide supplementation for 12 weeks significantly reduced
anxiety symptoms [35]. A recent 24-week intervention using zinc supplementation to treat
symptoms of premenstrual syndrome (PMS) was also successful at reducing anxiety and
other symptoms related to PMS in Iranian females [36]. A six-month randomized controlled
clinical trial examined the effect of zinc oxide supplementation on the mental health of
school-age children in Guatemala. Although there was no significant difference in overall
mental health outcomes between the control and treatment groups after six months, the
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treatment group did have higher serum zinc concentrations, and increased serum zinc was
associated with reduced anxiety symptoms [22]. Zinc interventions may also be used to
improve recovery rates for anorexia nervosa patients by reducing anxiety. This is based
on a compilation of positive results from clinical randomized controlled trials and low
incidence of side effects [37]. It is hypothesized that the anxiolytic impact of zinc may be
due to its influence on the transmission of glutamate and gamma-aminobutyric acid in the
brain [25]. More research is needed to clarify these neurobiological mechanisms and the
role that zinc plays in the mitigation of anxiety.

The impact of zinc supplementation combined with antioxidant therapy on anxiety and
serum zinc has also been evaluated. In one study, patients with anxiety were found to have
lower serum zinc compared to the control group before the treatment was administered. After
the zinc/antioxidant treatment, anxiety symptoms were reduced, and serum zinc was restored
to normal levels [38]. A similar investigation in patients with a combination of anxiety and
depression found comparable results using the zinc/antioxidant therapy to effectively reduce
anxiety and normalize serum zinc [39]. A third related study discovered that participants
with anxiety had lower levels of serum hepatocyte growth factor (HGF) and zinc compared
to the control group. After a zinc/antioxidant treatment for eight weeks, both serum HGF
and zinc significantly increased in the supplemented group [40]. HGF has a protective
anti-inflammatory and regenerative effect on many tissue types and organs, including the
brain [41]. It promotes the survival and maturation of neurons in the hippocampus [42]
and dopaminergic neurons in the substantia nigra [41], revealing a potential link between
zinc, HGF, and anxiety. There is growing evidence indicating that anxiety is associated with
increased neuronal excitability in the hippocampus, and that anxiety may be treated by
altering the excitability and plasticity of hippocampal neurons [43]. Therefore, it is possible
that suboptimal zinc or HGF levels in the hippocampus could manifest as anxiety symptoms,
with zinc supplementation as a potential treatment.

Several preclinical studies have also demonstrated that various zinc treatments may
have an anxiolytic effect. In one study, adult male Wistar rats induced with Type 1 Diabetes
Mellitus were treated with either zinc gluconate or zinc sulfate for four weeks. The zinc
sulfate group alone showed decreased anxiety-like behavior after the treatment. Although
zinc gluconate did not have the same anxiolytic outcome, it did have an antidepressant
effect and neuroprotective effect by reducing alterations in the cerebral cortex [44]. These
results suggest that the specific anion used in combination with the zinc cation for the
purpose of zinc supplementation as an anxiolytic agent is important and may be involved in
the neurobiological mechanisms that impact mental health. Another study conducted with
male Wistar rats treated with zinc histidine dehydrate found that the impact on anxiety was
dose dependent. A zinc dose of 20 mg/kg was found to have an anxiolytic effect; however,
a dose of 30 mg/kg was found to have an anxiogenic effect, demonstrating the influence
of zinc homeostasis on anxiety-like behavior [45]. Zinc hydroaspartate administration in
male albino Swiss mice and male Wistar rats also revealed a dose-dependent anxiolytic
effect in the treatment group [46]. Zinc oxide nanoparticles represent another potential
therapy option for anxiety. Although conventional zinc oxide has been shown to have
moderate anxiolytic effects, it was discovered that a treatment of zinc oxide nanoparticles
outperformed conventional zinc oxide for the reduction of anxiety-like behavior in adult
male Wistar rats [47,48]. This nanoparticle delivery method provides evidence for a unique
and more effective form of zinc-based treatment for anxiety. However, more research is
needed to understand the safety and biological mechanisms of zinc oxide nanoparticles as
a form of mental health therapy, after which clinical trials should be conducted.

Although there is compelling evidence to support the claim that zinc status is inversely
associated with anxiety, other studies have shown conflicting results. For example, no
correlation was found between serum zinc concentration and anxiety in older community-
dwelling Australians [49] nor in Polish postmenopausal women [50]. A cross-sectional
study in elderly Iranians found no association between anxiety and dietary zinc nor serum
zinc [51]. In a prospective analysis, Australian adolescents were evaluated for potential
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associations between various mental health issues and dietary zinc. Anxiety was assessed
using the Youth Self-Report and dietary zinc using a semi-quantitative food frequency
questionnaire. Although the results were trending toward statistical significance, there was
no confirmed association between dietary zinc and anxiety [52]. A study with Australian
women ranging from 20–94 years old also indicated no association between dietary zinc
intake and anxiety [53]. Although there is substantial evidence that zinc supplementation
frequently has an anxiolytic effect, a study in women with postpartum depression showed
a different result. In this randomized controlled clinical trial, the women with postpartum
depression and anxiety were treated with 27 mg of zinc sulfate supplements for eight weeks
but did not experience a significant improvement in state anxiety or trait anxiety [54].

Overall, the current scientific literature suggests a relationship between zinc and
anxiety. Most of the evidence shows that there is an association between zinc deficiency
and anxiety, and that zinc repletion may alleviate the symptoms. However, other studies
show that there is no connection. A summary of clinical evidence for the relationship
between zinc and anxiety is shown in Table 1. Due to variations in genetics, age, sex,
and study design, it is not surprising that there are conflicting results. More research is
needed to establish a true cause-and-effect relationship between zinc deficiency and anxiety.
Additionally, determining the proper dose and form of zinc for clinical supplementation is
important. More investigation is needed to understand how zinc dysregulation impacts
different brain regions, such as the amygdala and hippocampus, how zinc supplementation
influences HGF levels and other neurotrophic factors, and how zinc-dependent antioxidants
may play a role in the development of anxiety disorders.

Table 1. Summary of clinical evidence for the relationship between zinc (Zn) and anxiety.

Participants Measures Key Results Authors and Year

Female high school students Hospital Anxiety and
Depression Scale; serum Zn

Inverse association between
serum Zn and anxiety Tahmasebi et al., 2017 [28]

Female university students

Beck Anxiety Inventory
survey; dietary Zn assessment

using a 12-month food
frequency questionnaire

Inverse association between
dietary Zn intake and anxiety Hajianfar et al., 2021 [29]

Adult Japanese Workers

Kessler Psychological Distress
Scale; dietary Zn assessed
using three-month food
frequency questionnaire

Inverse association between
dietary Zn and

anxiety symptoms
Nakamura et al., 2019 [30]

Children and adolescents
with ADHD

Conners’ Parent Rating Scale,
Conners’ Teacher Rating Scale;

serum Zn

Low serum Zn correlates with
higher anxiety and

conduct issues
Oner et al., 2010 [32]

Male Chinese individuals
Self-Rating Anxiety Scale;

cerebrospinal fluid Zn
concentration

Cerebrospinal fluid Zn was
negatively correlated with

anxiety symptoms
Song et al., 2016 [33]

Adults from Bangladesh with
generalized anxiety disorder

Patients previously diagnosed
with generalized anxiety
disorder were recruited;

serum Zn

Participants with anxiety had
low serum concentrations

of Zn
Islam et al., 2013 [34]

Patients with CHD and T2DM Beck Anxiety Inventory;
serum Zn

Zn sulfate and magnesium
oxide supplementation

reduced anxiety symptoms.
Hamedifard at al., 2020 [35]

Iranian Females

Premenstrual Symptoms
Screening Tool-Adolescent
questionnaire; 220 mg/day

elemental zinc supplement for
24 weeks

Zn supplementation reduced
anxiety and other symptoms

related to PMS
Ahmadi et al., 2022 [36]
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Table 1. Cont.

Participants Measures Key Results Authors and Year

Guatemalan school-aged
children

Psychological questionnaire;
serum Zn

Increased serum Zn was
associated with reduced

anxiety symptoms
DiGirolamo et al., 2010 [22]

Patients with anxiety Modified Hamilton Scale;
plasma Zn and Cu

Patients with anxiety had
lower serum Zn

concentrations compared to
control. Anxiety symptoms

were reduced after
Zn/antioxidant

supplementation.

Russo., 2011 [38]

Patients with anxiety
and depression

Modified Hamilton Scale;
plasma Zn and Cu

Zn/antioxidant treatment
reduced anxiety and

normalized plasma Zn
Russo., 2011 [39]

Individuals with anxiety Hamilton Rating Scale;
serum Zn

Individuals with anxiety had
lower levels of serum HGF

and Zn compared to control.
Eight-week Zn/antioxidant
supplementation correlated
with increased serum HGF

and zinc.

Russo., 2010 [40]

Community dwelling
Australian Adults

Hospital Anxiety and
Depression Scale; serum Zn

No correlation between serum
Zn and anxiety Mravunac et al., 2019 [49]

Polish postmenopausal
women

Primary Care Evaluation of
Mental Disorders and

State-Trait Anxiety Inventory;
serum Zn

No correlation between serum
Zn concentration and anxiety Wieder-Huszla et al., 2020 [50]

Elderly Iranians
Hamilton Anxiety Rating

Scale; dietary Zn and serum
Zn analysis

No association between
anxiety and dietary Zn nor

serum Zn
Anbari-Nogyni et al., 2020 [51]

Australian Adolescents

Youth-Self Report;
semi-quantitative food

frequency questionnaire to
assess dietary Zn

No confirmed association
between dietary Zn

and anxiety
Black et al., 2015 [52]

Australian women (20–94 yrs)

General Health Questionnaire
and clinical interviews; food
frequency questionnaire to

assess dietary Zn

No association between
dietary Zn intake and anxiety Jacka et al., 2012 [53]

Women with
postpartum depression

Spielberger State-Trait Anxiety
Inventory; 24 h dietary

questionnaire, serum Zn

Daily 27-mg Zn sulfate
supplementation for eight

weeks showed no significant
improvement in state anxiety

or trait anxiety

Fard et al., 2017 [54]

Abbreviations: Zn = zinc, Cu = copper, ADHD = attention deficit hyperactivity disorder, CHD = coronary heart
disease, T2DM = Type 2 Diabetes Mellitus, PMS = premenstrual syndrome, HGF = human growth factor.

4. Copper

Copper is an essential trace mineral involved in energy production, iron metabolism,
neuropeptide activation, and neurotransmitter synthesis. It also plays a role in neurohormone
homeostasis, brain development, and immune system function. The RDA for copper is
900 mcg/day for adult men and women [55]. Rich sources of copper include meat, shellfish,
nuts, seeds, legumes, and dried fruit. Other sources include potatoes, whole grains, and
cocoa [26]. Copper deficiency can lead to health issues such as anemia, connective tissue
abnormalities, impaired growth, nervous system degeneration, and weakened immune
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system [23]. Although copper deficiency is not common in the United States, people at risk
for potential deficiency include those with Celiac disease and Menkes disease. Additionally,
excess zinc intake, especially in the form of dietary supplements, can lead to copper deficiency
since zinc can interfere with copper absorption [55].

Copper is required for normal physiological function. It acts as an antioxidant as a com-
ponent of cytoplasmic superoxide dismutase and metallothionein [26]. Copper also functions
within metallothionein to regulate the bioavailability and absorption of zinc [56]. It is a key
component of ceruloplasmin and hephaestin, ferroxidase proteins that are required for iron
utilization [26]. A key physiological function of copper related to mood is its role as a cofactor
for dopaminemonooxygenase, which converts dopamine to norepinephrine. Copper is also
a cofactor for a variety of amine oxidases responsible for oxidizing biogenic amines such as
dopamine, serotonin, and norepinephrine. In addition to its role as an enzyme cofactor, copper
participates in nerve myelination and endorphin action. Thus, a copper imbalance can lead to
the potential dysfunction of several neurological and physiological processes. A summary of
clinical research that examines the impact of copper on anxiety is shown in Table 2.

Currently, there is limited research that links copper deficiency with anxiety disorders.
One preclinical study using male Wistar rats found that copper injections had an anxiolytic
effect when assessing behaviors in the elevated plus maze and light-dark box tests [57]. A
cross-sectional study in adult Japanese workers mentioned previously in this review found
an inverse association of both zinc and copper dietary intake with anxiety and depression
symptoms [30]. To the best of our knowledge, this was the only current study in humans
that linked copper deficiency to anxiety disorders, possibly due to the fact that the incidence
of copper deficiency is rare.

Rather than deficiency, there is more evidence to support a relationship between
anxiety symptoms and copper overload. For example, male and female adults from
Bangladesh with generalized anxiety disorder had significantly higher serum copper and
iron levels compared to a control group [34]. In a cross-sectional case–control study with
male participants, the relationship between anxiety and serum copper was examined in
patients with type 2 diabetes mellitus and a control group. The Hamilton Anxiety Rating
Scale was used for the anxiety assessment. They found a positive association between
copper and anxiogenic behaviors in all subjects [58]. The anxiogenic effects of excess serum
copper could be explained by oxidative stress or disruptions in neurotransmitter synthesis.
In the presence of biological reducing agents, cupric ion (Cu2+) can be reduced to cuprous
ion (Cu+), which can catalyze the formation of hydroxyl radicals from hydrogen peroxide
via the Haber-Weiss reaction [59]. The resulting damage to various biomolecules and
cellular membranes could lead to neurodegeneration or disruptions in neurotransmitter
synthesis, potentially manifesting as anxiety or other mood disorders. The impact of
copper on anxiety in rodents can vary depending on the route of copper exposure. For
example, although male Wistar rats injected with copper displayed anxiolytic behaviors [57],
rats exposed to excess copper via drinking water showed anxiogenic behaviors using
the elevated plus maze test [60]. Both studies found that copper intoxication induced a
serotonergic modification in the dorsal raphe nucleus manifested as increased serotonin
levels [57,60]. This increased concentration of serotonin may result from an upstream
effect on tryptophan hydroxylase activity, the rate-limiting copper-dependent enzyme
required for serotonin synthesis. Serotonin is one of many neurotransmitters implicated in
the pathophysiology of anxiety disorders [61], thus disturbances in serotonin-related enzyme
activity via cofactor dysregulation may provide a mechanism for understanding the biological
triggers of anxiety and potential treatments through diet intervention and medication.

Although there is evidence to support the relationship between anxiety and copper over-
load, other studies show that there is no significant correlation. A randomized controlled trial
with older community-dwelling Australians found no association between anxiety and blood
copper, zinc, or copper/zinc levels [49]. A cross-sectional study in pregnant Iranian adolescents
found that participants with depression had elevated copper, however, there was no association
between serum copper and anxiety [62]. In Polish postmenopausal women, no relationship
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was found between anxiety and serum copper levels [50]. A case–control study mentioned
previously in this review evaluated the effect of an eight-week zinc supplementation and antiox-
idant therapy on anxiety symptoms, plasma zinc, plasma copper, and copper/zinc ratio [38].
Patients with anxiety were found to have higher copper and copper/zinc levels but had reduced
zinc concentrations compared to the control group before the treatment was administered.
Although the zinc/antioxidant therapy improved anxiety symptoms and restored plasma zinc
levels to a normal level, plasma copper was unchanged after the treatment. This reduction in
anxiety with no concurrent change in plasma copper suggests that zinc has a greater impact on
anxiety symptoms or that zinc could be a better indicator of anxiety compared to copper. In a
similar study, participants with a combination of anxiety and depression or anxiety only were
found to have lower levels of plasma zinc and higher plasma copper compared to the control
group before treatment [39]. After the eight-week zinc/antioxidant therapy, zinc levels were
normalized, anxiety symptoms were reduced, but there was an unexpected increase in plasma
copper for patients with a combination of anxiety and depression. For patients with anxiety
only, plasma copper decreased, but not with statistical significance. Like the previous study,
these results suggest that biological zinc has more influence on anxiety compared to copper.
Since zinc and copper can compete for transporters and share cofactor roles in enzymes such as
metallothionein and cytoplasmic superoxide dismutase, it is still worth investigating both trace
elements considering that both impact the nervous system and may play a role in stabilizing
mental health.

In conclusion, the current evidence suggests that copper overload is a more substantial
concern than copper deficiency as it relates to anxiety disorders. There is also evidence to
show that there is no relationship between copper and anxiety. However, there is limited
research that specifically quantifies dietary copper intake and the subsequent impact on
anxiety, thus providing an opportunity for continued research to understand if there is a
significant relationship between this trace element and anxiety disorders.

Table 2. Summary of clinical evidence for the relationship between copper (Cu) and anxiety.

Participants Measures Key Results Authors and Year

Adult Japanese workers

Kessler Psychological Distress
Scale; dietary Cu assessed using

three-month food frequency
questionnaire

Inverse association of Cu and
Zn dietary intake with anxiety

and depression symptoms
Nakamura et al., 2019 [30]

Adults from Bangladesh with
generalized anxiety disorder

Patients previously diagnosed
with generalized anxiety disorder

were recruited; serum Cu

Participants had significantly
higher serum Cu levels

compared to control group
Islam et al., 2013 [34]

T2DM males
Hamilton Anxiety Rating Scale;

serum Cu
Positive association between
Cu and anxiogenic behaviors

Al Hakeim et al., 2022 [58]

Community dwelling
Australian Adults

Hospital Anxiety and Depression
Scale; plasma Cu and serum Zn

No association between
anxiety and Cu or

Cu/Zn levels
Mravunac et al., 2019 [49]

Pregnant adolescents
Depression Anxiety Stress

Scale-21; serum Cu
No association between
anxiety and serum Cu

Bahramy et al., 2020 [62]

Polish postmenopausal women
State-Trait Anxiety Inventory;

serum Cu
No association between
anxiety and serum Cu

Wieder-Huszla et al., 2020 [50]

Patients with anxiety
Modified Hamilton Scale;

plasma Cu and Zn

Participants with anxiety had
higher Cu and Cu/Zn levels
compared to control group.
Zn/antioxidant treatment

had no effect on plasma Cu.

Russo, 2011 [38]

Patients with anxiety and depression
Modified Hamilton Scale;

plasma Cu and Zn

Participants with anxiety and
depression had higher plasma

Cu and lower plasma Zn
compared to the

control group

Russo, 2011 [39]

Abbreviations: Cu = copper, Zn = zinc, T2DM = Type 2 Diabetes Mellitus.
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5. Iron

Iron is a vital trace element required for good health and red blood cell function. This
element plays a crucial role in the early developmental stages of life and is required for proper
growth and oxygen transport. The RDA for iron depends on gender and developmental stage of
life: 8 mg daily for adult men, 18 mg for adult women, 27 mg during pregnancy, 9–10 mg while
lactating, 8 mg for elderly, and 7–15 mg for children and adolescents. Iron is more bioavailable
in the heme form obtained from animal sources versus the non-heme form. The richest sources
of this mineral are from lean meat and seafood. Non-heme iron is provided by nuts, beans,
vegetables, and fortified grains. Although the body does not absorb non-heme iron as easily,
these sources of iron can be paired with foods high in vitamin C to improve bioavailability
and help achieve the RDA [63]. Iron deficiency is one of the most common dietary mineral
deficiencies worldwide [64]. Populations at higher risk for iron deficiency include infants,
young children, and adolescents due to rapid growth rate, women who are menstruating due
to blood loss, and pregnant women due to expanding blood volume and demands of the
fetus and placenta [26]. In addition to health issues related to insufficient iron intake, such as
iron deficiency anemia (IDA), iron overload is also a major health concern. Iron overload is
implicated in the process of neurodegeneration and common brain-targeted diseases such as
Alzheimer’s, Parkinson’s, and Huntington’s disease [65]. Considering the biological significance
of iron, maintaining iron homeostasis through proper diet is critical for health promotion and
disease prevention.

Iron-dependent proteins serve many diverse roles throughout the body. Key heme
proteins include hemoglobin, myoglobin, and cytochromes. Amino acid metabolism
depends on iron for the proper function of dioxygenase enzymes, including tryptophan
dioxygenase and homogentisate dioxygenase for tyrosine metabolism. Iron is required by
various peroxidases such as the antioxidant catalase, myeloperoxidase, and thyroperoxidase
for the synthesis of thyroid hormones [26]. It is also required by tyrosine hydroxylase for
the synthesis of catecholamines that impact behavior, such as dopamine, epinephrine, and
norepinephrine [66].

Several studies have examined the relationship between iron and anxiety. Many of
these studies focused on patients with IDA, a common type of anemia where the blood
lacks a sufficient amount of healthy red blood cells [67]. Low iron status is often associated
with higher risk for anxiety behaviors in both humans and animals. In one rodent study,
male and female weanling rats were fed either an iron-deficient diet or control diet for six
weeks. The iron-deficient rats showed significantly increased anxiety-like behaviors and
reductions in brain iron content and dopamine receptors in the corpus striatum, prefrontal
cortex, and midbrain [68]. In a Chilean cohort, participants with iron deficiency with or
without anemia in infancy were reported to have greater self-reported anxiety symptoms
during adolescence [69]. Taiwanese children and adolescents with IDA were also correlated
with an increased risk for anxiety disorder [70]. A recent study showed that serum ferritin
in adolescent females was inversely correlated with both anxiety and depressive symptom
severity [71]. In a cross-sectional sleep study in Turkish adults, patients with IDA had
higher levels of anxiety compared to the control group [72]. Interestingly, a group of
medical technology students attending the University of Santo Tomas in the Philippines
showed a significant association between symptom-based IDA and anxiety for females but
not for males [73], suggesting a potential sex difference in the development of anxiety traits.
Furthermore, a sleep study with male Japanese students found that low dietary intake of
iron was associated with poor sleep quality, and that poor sleep was associated with higher
anxiety [74].

Maternal diets that are iron-deficient can significantly impact offspring behaviors such as
anxiety. For example, pregnant Long-Evans hooded rats fed a low-iron diet led to offspring
with higher anxiety-like traits [75]. Another rodent study investigated the behavior of adult
Wistar male and female rats exposed to iron deficiency during the fetal and lactational periods
and subsequent impact of dietary iron replacement after the weaning period. The iron-deficient
progeny displayed higher levels of anxiety-like behavior compared to the control group and
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did not benefit from the post-weaning iron-supplemented diet [21]. These pre-clinical studies
emphasize the consequence of an iron-deficient diet during pregnancy and lactation, as it can
lead to future psychological impairments. In a scoping review regarding maternal nutrition
and neurodevelopment, it was reported that inadequate nutrient intake during pregnancy,
including lack of dietary iron, was associated with brain defects, such as diminished cerebral
volume and alteration of hypothalamic and hippocampal pathways, and an increased risk
of neuropsychiatric disorders such as anxiety and depression [76]. The authors stress that
important developmental processes, such as myelination, dendritogenesis, synaptogenesis, and
neurotransmission, are dependent on iron-containing enzymes and hemoproteins. It is therefore
evident that sufficient dietary iron intake is critical in the maternal and developmental phases of
life to preserve both physical and mental health.

Interventions with various iron supplementation treatments have proven to have a
significant anxiolytic effect in many cases. For example, in a 16-week intervention study,
elderly Canadians were assigned randomly to either a liquid nutritional supplement group
or a control group. Iron serum increased in the treatment group, and values from the
General Well-Being Questionnaire improved for anxiety and general well-being [77]. A
prospective multicenter observational study in patients with inflammatory bowel disease
and IDA evaluated the efficacy and tolerability of Sucrosomial® iron as an alternative to
conventional iron supplements. The new Sucrosomial® iron supplement was not only
effective at treating inflammatory bowel disease and IDA, but also improved anxiety
symptoms [78]. A clinical study in Italy evaluated the effect of Sideremil™, a liposomal
iron pyrophosphate/ascorbic acid supplement, on clinical and psychological outcomes
in pregnant women with IDA. They found that this form of iron supplementation was
effective at reducing anxiety and increasing key iron-related proteins such as hemoglobin,
ferritin, and transferrin [79]. In a prospective randomized controlled intervention trial,
South African anemic mothers were given iron sulfate supplements and followed from
10 weeks of pregnancy to nine months postpartum. Iron status for these women was
inversely associated with stress and anxiety [80]. Premenopausal Turkish women with IDA
were treated with oral or parenteral iron agents for three months, and anxiety was assessed
using the Beck Anxiety Inventory. Anxiety scores improved and serum iron was increased
after the treatment [81]. A retrospective population-based cohort study in Taiwan compared
psychiatric disorders in patients with IDA compared to a control group. The IDA group was
associated with significantly higher incidence of anxiety disorders. Iron supplementation
in these IDA patients was associated with a lower risk of psychiatric disorders compared
to non-iron supplementation in IDA participants [82]. Furthermore, a prospective study
evaluated Japanese children and adolescents with hypoferritinemia who received an oral
iron administration for 12 weeks. The results showed that the iron supplemented group
had increased ferritin levels and had significantly improved hypoferritinemia-related
psychological symptoms, including anxiety and depression [83]. Novel treatments using
nanoparticle technology have also been evaluated preclinically. Similar to the zinc oxide
nanoparticle treatment mentioned earlier in this review, iron oxide nanoparticles show promise
as a treatment method capable of crossing the blood–brain barrier to induce anxiolytic effects.
In a study with male Sprague Dawley rats, injection of iron oxide nanoparticles conjugated
with antisauvagine-30 peptide, a peptide shown to reduce anxiety in rodent models, was
found to significantly reduce anxiety-like behavior [84].

Although the majority of research provides evidence that iron deficiency increases
the risk for anxiety disorders, other studies have revealed different results. For example, a
study in young women ranging from 20–32 years old that used electroencephalographic
psychometric data to assess anxiety found that iron-depleted females did not differ from
the iron-sufficient group in anxiety traits [85]. In a multicenter randomized control trial
in nonanemic adult French women with fatigue, women were assigned 80 mg/day oral
ferrous sulfate or placebo for 12 weeks. The Current and Past Psychological Scale was
used to evaluate fatigue as the main outcome, and anxiety and depression as secondary
outcomes. Although the iron supplementation effectively decreased fatigue, there was
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no significant change in anxiety or depression [86]. However, in a similar randomized
control trial in Switzerland, women who were assigned 80 mg/day oral ferrous sulfate
for four weeks had significantly improved fatigue and anxiety symptoms, but no change
in depression [87]. As mentioned previously in this review, adults from Bangladesh
with generalized anxiety disorder had significantly higher serum iron and copper levels
compared to a control group [34]. A cross-sectional study in adult Japanese workers found
an inverse association between dietary zinc and copper and anxiety symptoms, but no
association between anxiety and iron [30]. In a study with children, healthy Chilean infants
free of IDA at age six months were randomly assigned to either an iron supplemented
formula or a control formula from ages six to 12 months. At 10 years of age, the children
were evaluated for various social-emotional outcomes. Although the treatment group
was associated with more adaptive behavior at age 10, especially in response to reward,
there were no differences in behaviors related to behavioral inhibition, such as anxiety,
depression, or social problems [88].

Elucidating the mechanisms of iron metabolism in the brain and the neuronal pathways
involved in anxiety provocation are important for the development of specifically targeted
dietary treatments, nutraceuticals, or pharmaceuticals for the alleviation of anxiety. It was
discovered recently that axonal iron transport along a neuronal pathway from the ven-
tral hippocampus to the medial prefrontal cortex and to the substantia nigra modulates
anxiety-like behaviors in male C57BL/6J mice [89]. Additionally, it has been proposed that
mechanisms of iron-impacted behavior change include altered functions in the hippocam-
pus, the corpus striatum, and neurotransmitter metabolism [90]. One study evaluated
the impact of ceruloplasmin deficiency on anxiety in male three-month-old ceruloplasmin
knockout mice. Ceruloplasmin is a copper-dependent ferroxidase involved in regulating
cellular iron efflux. It was discovered that iron levels in the hippocampus were significantly
reduced in ceruloplasmin knockout mice and that ceruloplasmin deficiency resulted in
higher anxiety-like behavior in the open field and elevated plus maze tests. Additionally, it
was found that levels of serotonin and norepinephrine, and the expression of brain-derived
neurotrophic factor (BDNF) and its receptor, were significantly reduced in the hippocam-
pus of ceruloplasmin knockout mice. This suggests that the anxiety phenotype resulting
from ceruloplasmin deficiency involves mechanisms that include reduced levels of iron,
serotonin, norepinephrine, and BDNF expression in the hippocampus [91]. For a more
in-depth discussion related to iron metabolism and potential biological mechanisms related
to behaviors impacted by iron dysregulation, several relevant scientific publications are
available [92–96].

In sum, the current evidence demonstrates that iron status has an impact on anxiety
as revealed through both human and animal models. A summary of clinical research
investigating the relationship between zinc and anxiety is shown in Table 3. Consuming
the recommended amount of dietary iron through food or supplements is critical for both
physical and mental health and is especially important during the early stages of life.
Although many studies have been published on the topic of IDA and anxiety or iron
supplementation for the attenuation of anxiety, there are limited studies focused on the
relationship between dietary iron and anxiety disorder. Future investigations could include
iron-fortified diet interventions for iron-deficient individuals for the potential improvement
of anxiety symptoms. Furthermore, investigating gender differences in effectiveness of
iron supplementation or iron-fortified diets for the mitigation of anxiety would be valuable.
These gaps in the scientific literature present an opportunity for future research to better
understand the relationship between dietary or supplemental iron and anxiety disorder,
providing an opportunity for safe, alternative treatment options or adjunctive diet-based
treatments for the improvement of mental health.
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Table 3. Summary of clinical evidence for the relationship between iron (Fe) and anxiety.

Participants Measures Key Results Authors and Year

Chilean children (infancy–adolescence)
Youth Self Report by adolescents and the Child

Behavior Checklist by parents; blood Fe at 12 and
18 months

Greater self-reported anxiety symptoms
during adolescence for participants with Fe

deficiency as an infant
Doom et al., 2018 [69]

Taiwanese children and adolescents with IDA

National Health Insurance Database from 1996 to
2008 used to identify children and adolescents
with IDA; coexisting anxiety disorders were

determined by specific diagnostic codes

IDA correlated with an increased risk for
anxiety disorder Chen et al., 2013 [70]

Adolescent females Psychiatric assessment to determine anxiety
status; serum ferritin

Serum ferritin was inversely correlated with
both anxiety and depressive

symptom severity
Abbas et al., 2021 [71]

Turkish adults Hospital Anxiety and Depression Scale; diagnosis
of IDA

Patients with IDA had higher levels of anxiety
compared to the control group Semiz et al., 2015 [72]

Students from the University of Santo Tomas
in Sampaloc, Manila

General Anxiety Disorder-7 questionnaire;
symptom-based IDA questionnaire

Positive association between symptom-based
IDA and anxiety for females but not for males Buita et al., 2021 [73]

Male Japanese students
State-Trait Anxiety Inventory A-Trait scale;

brief-type self-administered diet
history questionnaire

Low dietary Fe intake was associated with
poor sleep quality and poor sleep was

associated with higher anxiety
Matsunaga et al., 2021 [74]

Elderly Canadians General Well-Being Questionnaire; liquid
nutritional supplement; serum Fe

Supplemented group had increased serum Fe
and improved anxiety and general

well-being scores
Krondl et al., 1999 [77]

Patients with inflammatory bowel disease
and IDA

EuroQoL questionnaire to assess anxiety; one
capsule/day for 12 weeks Sucrosomial®

Fe supplement

Sucrosomial® Fe supplement improved
anxiety symptoms

Bastida et al., 2021 [78]

Italian pregnant women with IDA
State-Trait Anxiety Inventory; one capsule/day

for one year of Sideremil™ liposomal Fe
pyrophosphate/ascorbic acid supplement

Fe supplementation reduced anxiety and
increased key Fe-related proteins hemoglobin,

ferritin, and transferrin
Vitale et al., 2022 [79]

South African anemic mothers

Edinburgh Postnatal Depression Scale and
State-Trait Anxiety Inventory; 125 mg Fe sulfate

supplements from 10 weeks of pregnancy to nine
months postpartum; Fe status assessed using
hemoglobin, mean corpuscular volume, and

transferrin saturation

Fe status was inversely associated with stress
and anxiety and Fe supplementation

improved stress scores
Beard et al., 2005 [80]
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Table 3. Cont.

Participants Measures Key Results Authors and Year

Premenopausal Turkish women with IDA Beck Anxiety Inventory; treatment with oral or
parenteral Fe agents for three months, serum Fe

Anxiety scores improved and serum Fe was
increased after the treatment Gulmez et al., 2014 [81]

Taiwanese patients with IDA

Longitudinal Health Insurance Database 2005
was used to recruit IDA patients and retrieve Fe
supplementation data and anxiety disorder data;

IDA status confirmed by measuring serum Fe,
ferritin, and total iron binding capacity

IDA group was associated with higher
incidence of anxiety disorders. Fe

supplementation in IDA patients was
associated with a lower risk of

psychiatric disorders.

Lee et al., 2020 [82]

Japanese children and adolescents with
hypoferritinemia

Profile of Mood States 2nd Edition
Youth-Short; 25–100 mg oral Fe administration for

12 weeks;
serum ferritin

Fe supplemented group had increased ferritin
levels and had significantly improved

hypoferritinemia-related psychological
symptoms, including anxiety and depression

Mikami et al., 2022 [83]

Swiss women
18–55 years old

Validated 24-item self-administered questionnaire;
80 mg/day oral ferrous sulfate for four weeks;

serum ferritin

Improved fatigue and anxiety symptoms for
Fe treatment group Verdon 2003 [87]

Non-anemic women 20–32 years old Electroencephalographic psychometric data to
assess anxiety; serum ferritin

Fe-depleted females did not differ from the
Fe-sufficient group in anxiety traits Dziembowska et al., 2019 [85]

Nonanemic adult French women with fatigue Current and Past Psychological Scale; 80 mg/day
oral ferrous sulfate for 12 weeks

No change in anxiety or depression with
Fe supplementation Vaucher et al., 2012 [86]

Adults from Bangladesh with generalized
anxiety disorder

Patients previously diagnosed with generalized
anxiety disorder were recruited; serum Fe

Participants with anxiety had higher serum
Fe concentration Islam et al., 2013 [34]

Adult Japanese Workers
Kessler Psychological Distress Scale; dietary Fe

assessed using three-month food
frequency questionnaire

No association between anxiety and Fe Nakamura et al., 2019 [30]

Healthy Chilean infants free of IDA at age
six months

Trier Social Stress Test for Children and Child
Behavior Checklist; Fe-supplemented formula

12.7 mg/L from ages six to 12 months

No difference in behaviors related to
behavioral inhibition, such as anxiety,

depression, or social problems
Lozoff et al., 2014 [88]

Abbreviations: Fe = iron, IDA = iron deficiency anemia.
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6. Selenium

Selenium has many benefits as an essential nutrient in our diet. It functions as an
antioxidant and helps regulate thyroid hormone metabolism, DNA synthesis, reproduction,
and immune system support. The RDA for age 14 years and older is 55 mcg. Biological
selenium status is commonly assessed using blood or urine for recent selenium intake or
hair and nails for long-term intake. Selenium-rich foods include Brazil nuts, meat, grains,
and seafood, such as tuna, halibut, sardines, and shrimp. Brazil nuts are considered the
richest source as they supply 544 mcg per 6–8 nuts, providing 989% of the daily value [97].
The selenium content of plant foods, such as grains and seeds, depends on the selenium
concentration of the soil in which they are grown. Hence, lower soil selenium levels in
regions such as China can lead to dietary selenium deficiency [12]. It is critical to obtain
the RDA for selenium since a deficiency has been associated with Keshan disease, male
infertility, and cognitive decline [97].

Selenium plays a key role in several enzymes called selenoproteins, which function
primarily as antioxidants. The most highly characterized of these proteins is glutathione
peroxidase. Glutathione peroxidase is an important antioxidant that converts hydrogen
peroxide, lipid peroxides, and organic peroxides to less harmful substances via a coupled
reaction involving the conversion of reduced glutathione to oxidized glutathione. A dietary
deficiency in selenium decreases the expression of glutathione peroxidase in favor of other
selenoproteins, such as selenoprotein P, and can increase the risk for oxidative damage.
Selenoprotein P contains up to 10 selenocysteine residues, transports selenium to tissues,
and acts as an additional antioxidant, quenching peroxynitrate radicals which can damage
DNA and lipid membranes. Selenoprotein M is found in neuronal cells and may protect
against oxidative stress caused by hydrogen peroxide. Selenium is also required for iodine
metabolism for the regulation of thyroid hormone synthesis [26]. The various biological
roles and mechanistic actions of selenium and selenoproteins are not completely understood
and require more investigation.

Research involving the impact of selenium on anxiety is relatively recent. Overall, the
majority of evidence reveals an inverse association between selenium and anxiety, and a
promising effect of selenium supplementation to alleviate anxiety symptoms. For example,
in Portuguese adults with chronic renal failure under hemodialysis, higher anxiety levels
were associated with selenium deficiency based on nutrient intake analysis [98]. A study
involving 831 Chinese children used the Screen for Child Anxiety Related Disorders ques-
tionnaire and serum selenium concentrations to assess the relationship between selenium
and anxiety. It was found that lower selenium levels were associated with higher anxiety
symptoms [99]. Recently, two randomized, double-blinded, placebo-controlled clinical
trials revealed a promising effect of combining a probiotic with selenium for the reduction
of anxiety symptoms in women with polycystic ovary syndrome [100] and adult patients
with both type 2 diabetes and coronary heart disease [20]. Both studies found an increase
in total antioxidant capacity and glutathione levels in the treatment group, suggesting that
the effect of selenium to reduce anxiety could be a result of improved antioxidant activity.
Furthermore, it was found in older reports that selenium supplementation or a selenium-
fortified diet may improve anxious mood [101,102]. More research should be conducted to
understand the impact of selenium supplementation on the reduction of anxiety symptoms
in patients diagnosed with anxiety disorders to broaden current treatment options.

Preclinical research has also shown that selenium-based treatments are effective for
mitigating anxiety. In several of these studies, 7-chloro-4-phenylselanylquinoline (4-PSQ), a
new quinoline derivative containing selenium, shows promise as an anxiolytic agent in ro-
dents [103–106]. One of these studies found that 4-PSQ exhibited antioxidant activity and pro-
tected against memory impairment and anxiety in a mouse model of Alzheimer’s disease [104].
Another showed that the anxiolytic effect of 4-PSQ in male adult Swiss mice may be associated
with its ability to modulate serotonergic and GABAergic systems [105]. A third study using
obese male Wistar rats discovered that 4-PSQ mitigated anxiety-like and depression-like be-
haviors induced by neonatal administrations of monosodium glutamate [106]. Similar to the
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anxiolytic actions of 4-PSQ, another potential therapeutic agent for the attenuation of anxiety
is the selenium-based compound 6-((4-fluorophenyl) selanyl)-9H-purine. This compound
was found to reduce anxiety-like behaviors in male adult Swiss mice [107]. Furthermore,
the efficacy of a pyrazole-containing selenium compound to treat anxiety caused by acute
restraint stress was assessed in adult male Swiss mice. The selenium-based treatment was
successful in decreasing plasma corticosterone and reducing lipid peroxidation by modulating
oxidative pathways and neuroendocrine responses. It alleviated anxiety-like behavior and
restored the activity of superoxide dismutase and catalase in the hippocampus and prefrontal
cortex [108]. Although not directly related to diet, these studies involving selenium-based
pharmacological agents provide evidence that selenium is involved mechanistically in the
process of reducing anxiety, likely through its antioxidant properties. The impact of selenium
on anxiety provoked by arsenic exposure has also been investigated. Arsenic has been linked
to oxidative stress and anxiety symptoms in humans and animals and can be used as a method
to study potential anxiety treatments in a rodent model [109]. For example, one research team
investigated the effect of selenium on arsenic-induced anxiety-like behavior in male Albino
Wistar rats [110]. The selenium treatment had an anxiolytic effect and increased the activity
of glutathione peroxidase, superoxide dismutase, and catalase in the hippocampus. This
recent evaluation of selenium as a protective agent against arsenic toxicity and consequent
neurological disruptions suggests a promising treatment for anxiety and other mental health
disorders caused by arsenic poisoning. Overall, these rodent studies demonstrate the benefi-
cial impact of selenium on anxiety and its positive influence on endogenous antioxidants to
reduce oxidative stress and neurological damage that can lead to mental health disorders.

There is evidence that demonstrates the connection between thyroid function and mental
health [111]. As selenium plays an important role in thyroid hormone metabolism, it is
postulated that a selenium imbalance occurring in thyroid disease may promote anxiety
disorder as a comorbidity. To investigate this possible connection, one cross-sectional study
examined the relationship between selenium and anxiety in patients with euthyroid nodular
goiter. There was a significant correlation between selenium deficiency and anxiety symptoms
independent of thyroid hormone status [112]. Based on these results, patients with euthyroid
nodular goiter may benefit from selenium-enriched diets or selenium supplementation.

Although most of the scientific literature suggests an inverse association between
selenium status and anxiety, there is some evidence that suggests that there is no association.
For example, one study evaluated the relationship between serum selenium levels and
anxiety symptoms in postmenopausal women using the State-Trait Anxiety Inventory
questionnaire. There was no observed correlation between selenium concentrations and
the corresponding anxiety level of the individual. The same lack of association with anxiety
was also found for zinc, copper, and magnesium for the women in this study [50].

Overall, there appears to be a positive correlation between dietary selenium intake
or selenium-based treatments and reduced anxiety. A summary of clinical evidence for
the relationship between selenium and anxiety is shown in Table 4. To the best of our
knowledge, there was only one study that found no association, and no evidence to suggest
that dietary selenium or high selenium serum levels can lead to increased anxiety. It is
possible that the beneficial influence of selenium on anxiety symptoms results from a
combination of reduced oxidative stress, improved regulation of thyroid function, and
optimized function of selenoproteins. Several clinical and preclinical studies described
above found increased antioxidant capacity after selenium supplementation, suggesting
that the anxiolytic effect of selenium is mainly attributed to its protective function against
oxidative stress. One limitation when drawing conclusions regarding selenium status
and anxiety is the lack of research in humans that have anxiety disorder as their primary
health concern. Several of the studies reviewed here were conducted in patients with
comorbidities, such as chronic renal failure, polycystic ovary syndrome, and euthyroid
nodular goiter. Further investigation of the impact of dietary selenium on patients with
anxiety disorder alone would help clarify the relationship between this trace element and
mental health. Another limitation is that animal studies have mainly involved selenium
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derivatives such as 4-PSQ and 6-((4-fluorophenyl) selanyl)-9H-purine rather than dietary
selenium. Future research in animals could include selenium-enriched or selenium-deficient
diets compared to a control diet to provide a more translatable evaluation of the impact of
dietary selenium on anxiety-like behavior. In conclusion, the evidence thus far supports
that proper intake of selenium can have a positive impact on mental health by alleviating
anxiety. However, the connection between selenium and anxiety is just beginning to gain
the attention of the research community, with much to be learned from further research.

Table 4. Summary of clinical evidence for the relationship between selenium (Se) and anxiety.

Participants Measures Key Results Authors and Year

Portuguese adults with
chronic renal failure
under hemodialysis

EuroQoL anxiety assessment;
DIETPLAN5 2003 nutrient

intake analysis for Se

Higher anxiety associated
with Se deficiency Raimundo et al., 2006 [98]

Chinese children
Screen for Child Anxiety

Related Disorders
questionnaire; serum Se

Lower serum Se associated
with higher anxiety symptoms Portnoy et al., 2022 [99]

Women 18–40 years old with
polycystic ovary syndrome

Depression Anxiety and Stress
scale, General Health

Questionnaire-28; probiotic
supplement with 200 µg/day

Se for 12 weeks

Se/probiotic treatment was
associated with reduced

anxiety symptoms
Jamilian et al., 2018 [100]

Adults 45–85 years old
diagnosed with both T2DM

and CHD

Beck Anxiety Inventory;
probiotic supplement with
200 µg/day Se for 12 weeks

Se/probiotic treatment was
associated with improved

Beck Anxiety Inventory scores
Raygan et al., 2019 [20]

Females and males
14–74 years old

Profile of Mood States
questionnaire; 100 µg Se

supplementation daily for
five weeks

Se supplementation
associated with decreased

anxious mood
Benton and Cook, 1990 [101]

Healthy men
18–45 years old

Profile of Mood States-Bi Polar
questionnaire; formulated

diets containing low (32.6 µg)
or high (226.5 µg) Se/day for

105 days and plasma Se

High Se diet associated with
improved anxiety scores Finley and Penland, 1998 [102]

Adults 18–80 years old with
Euthyroid Nodular Goiter

Beck Anxiety Inventory;
serum Se

Negative correlation between
serum Se and anxiety Turan and Karaaslan, 2020 [112]

Abbreviations: Se = selenium, T2DM = Type 2 Diabetes Mellitus, CHD = coronary heart disease.

7. Conclusions

Based on the current peer-reviewed scientific literature, there is evidence to suggest
an inverse association between anxiety and dietary trace minerals zinc, iron, and selenium.
Improved dietary patterns that include a variety of foods or treatments plans to supplement
mineral deficiencies are potential strategies to optimize both physical and mental health.
Although there is some evidence that a deficiency in copper may be correlated with anxiety,
there is more evidence to suggest that copper overload has a greater influence on the
development of anxiety. More research is needed to understand the specific neurobiological
mechanisms involved. Overall, the collective findings demonstrate the importance of
optimizing trace mineral homeostasis for the mitigation of anxiety disorders and preserva-
tion of mental health.
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