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KINGA RUSZEL', PIOTR POKORSKI', BARBARA NIERADKO-IWANICKA?

Controversies about selenium supplementation

Abstract

Introduction. Selenium (Se) is a trace element found mainly in meat, seafood, nuts and grains. Se is found in selenoproteins
such as selenocystein or selenomethionin. A well balanced diet provides enough Se. Many regulatory and metabolic enzymes con-
tain Se as their component, which is why Se supplementation is used in the treatment as well as prevention of multiple disorders.
Se may, however, be toxic if overdosed.

Aim. The aim of this review is to summarize the data about functions of Se in human body and to discuss its use in treatment
and prevention of diseases.

Materials and methods. The search was conducted using the PubMed and Google Scholar databases in March and April
2020. The key words used were: ‘selenium’, ‘cardiovascular disease’, ‘selenium supplementation’, ‘Keshan disease’, ‘source of
selenium’. A total of 68 articles were analysed.

Results. The first cases of chronic Se deficiency cases were documented 85 years ago in China. The patients with cardiomyo-
pathy, extensive fibrosis and degenerative changes in the heart were diagnosed with Keshan disease. Human selenoproteonome
consists of at least 25 selenoproteins. Se plays a role in immunity and metabolism via its role in functioning of numerous enzymes:
glutathione peroxidase, thioredoxine and methionine sulfoxide reductase, methionine-sulfoxide reductase B1. Se plays a role in
glucose homeostasis, Alzheimer’s disease, thyroid disorders, infectious, inflammatory diseases, vascular diseases and fertility.

Conclusion. Se deficiency increases the risk of Keshan disease, but there is not enough evidence to recommend its supplemen-
tation for prevention of cardiovascular disease. However, Se status is important part of health assessment. Se supplementation

should not exceed the dose of 55ug/day.
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INTRODUCTION

Selenium (Se) species (selenite or selenite) are prooxidants.
Enzymes containing Se (for example glutathione peroxidase
containing selenium-cysteine in their active site) are antioxi-
dants. Se influences the inflammatory pathways responsible
for modulation of the reactive oxygen species (ROS) by inhib-
iting the nuclear kappa B factor (NF-xB) cascade. This inhibi-
tion stops the synthesis of interleukins and tumour necrosis
actor alfa (TNF-a). Se regulates the migration, adhesion and
the phagocytosis of leukocytes [1,2]. Se is also considered to
be involved in the pathogenesis of circulatory disorders [3],
it plays a role in glucose homeostasis [4], development of
Alzheimer’s disease [5], thyroid disorders [6], infectious [7]
and inflammatory diseases [8], as well as fertility [9]. There
are publications providing evidence that Se supplementation
could be helpful in cancer prevention [10].

Se in human organisms comes from the diet, however both:
Se excess or deficiency may cause dangerous consequences.
Se intake is associated with the dwelling place and food choic-
es. Many foods and dietary supplements contain Se in differ-

ent chemical forms. In this group selenomethionine (Se-Met)
is the compound with the highest Se bioavailability. Se status
can be used as a prognostic factor. In patients suffering from
systemic inflammatory response syndrome (SIRS), a decrease
in Se concentration correlates with an increased mortality rate.
In such situations patients are admitted to intensive care units
(ICU) and intravenous Se supplementation is used for treat-
ment [11]. However, physicians must keep it on mind that Se
overdose can cause intoxication.

AIM

The aim of this review is to summarize the data involving
the influence of Se as an antioxidant in the treatment of dis-
eases.

MATERIALS AND METHODS

The search was conducted using the PubMed and Google
Scholar databases in March and April 2020. The key words
used during the research were: ‘selenium’, ‘cardiovascular
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disease’, ‘selenium supplementation’, ‘Keshan disease’,
‘source of selenium’. A total of 68 articles published between
1988 and 2020 were analysed.

RESULTS AND DISCUSSION

Selenoproteins, found in our diets, contain Se. Current stud-
ies show that the human selenoproteonome consists of at least
25 selenoproteins. Selenoproteins are named with the prefix
SELENO- and a letter: SELENOF, SELENOH, SELENOI,
SELENOK, SELENOM, SELENON, SELENOO, SELENOP,
SELENOS, SELENOT, SELENOV, SELENOW. This group
of proteins include antioxidative enzymes such as: glutathione
peroxidase (GPX), thioredoxine and methionine sulfoxide re-
ductase [12]. The GPXs are thought to be the most important
selenoproteins. Contrary to other antioxidants, GPX can neu-
tralize ROS and reactive forms of nitrogen. They are involved
in oxidising H202 to water. In humans, the family of GPX
enzymes consists of 6 enzymes involving Se: GPX1, GPX2,
GPX3, GPX4, GPX5 and GPX6. Studies conducted on labo-
ratory mice prove that GPx1 deficiency results in decreased
protection from complications due to cardiac muscle damage,
exacerbates ischemia-reperfusion injuries to cardiomyocytes,
promotes endothelium dysfunction and structural irregular-
ity of the cardiac muscle. Studies suggest that GPX3 is rel-
evant in the proper functioning of the endothelium and the
oxidation of low density lipoproteins (LDL) by the removal
of soluble hydroxides, which is why GPX3 plays a role in pre-
venting atherosclerosis [13,14]. GPX3 excess is also relevant,
as it leads to myocardial hypertrophy [15]. GPX3 insufficiency
leads to an increased platelet adhesion due to an increase in
oxidative inactivation of NO. The impairment of physiological
mechanisms inhibiting blood platelets promotes platelet hy-
peractivity leading to thrombosis [13]. GPX4 prevents LDL
oxidation and can reduce hydroperoxides in endothelial cell
membranes decreasing clotting [16]. Thioredoxin reductases
(TXNRD1,2,3) are responsible for the regulation of many
redox processes within a cell. TXNRDs are responsible for
the signalisation, communication between cells, metabolism
of the cell and repairing the deoxyrybonucleic acid (DNA).
TXNRDs protect the cell form oxidative stress [17]. TXN-
RDs are a multifunctional proteins, capable of existing outside
as well as inside the cell. Mitochondria are key structures in the
regulation of cell apoptosis, every change in the redox environ-
ment within the cell leads to the exhaustion of reduced forms
of nicotinamide adenine dinucleotide phosphate (NADP) and
glutathione. Mitochondria have multiple protective antioxi-
dants, however TXNRD2 plays the main role. Many different
illnesses such as diabetes, ischaemic heart disease, acquired
immunodeficiency syndrome (AIDS), hypertension may lead
to changes in TXNRD concentration [18]. TXNRD?2 is pre-
sent in multiple tissues in the human body, its’ highest con-
centrations are found in highly metabolically active tissues
including: ovaries, liver, heart, adrenal glands and neurons
[19]. TXNRDs are activated by oxidative stress. Endothelial
cells irritated with H202 increase the expression of TXNRDs
which promotes the growth of lymphocyte, fibroblast popula-
tions and multiple lines of cancer cells, which is why TXNRDs
are also considered a growth factor [18-20].

Methionine-sulfoxide reductase B1 (MSRB1) and me-
thionine-sulfoxide reductase A (MSRA) belong to the group
of methionine sulfoxide reductases. MSRs are responsible
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for reducing oxidised methionine bound to protein and other
molecules. Studies show that a decrease in SelR concentra-
tion leads to a decreased cell tolerance for oxidative stress.
SelR is mainly expressed in the cytoplasm and the nuclei of
cells, being involved in reducing the oxidative stress in cardio-
myocytes, it is thought to explain its role in the regulation of
cardiac muscle hypertrophy and the reperfusion of ischaemic
hearts in mice models [21]. SelR plays an important role in ag-
ing mechanisms and neurological degeneration. Bacteria and
yeast cells without the MSR gene show decreased tolerance or
oxidative stress and shorter lifespans [22]. The overexpression
of the MSRA in human T lymphocytes extends their lifespans
in oxidative stress conditions. MSR may have three important
functions in the human body: as an antioxidant enzyme, repair
enzyme and as a regulatory enzyme [23]. The MSRA is highly
expressed in retinal epithelial cells, macrophages, liver, kid-
neys, cerebellum and brain neurons [24]. A decrease in SelR
concentration may lead to the loss of protection from oxidative
stress, increased oxidative damage to cells and a shorter cell
lifespan. The decrease in MSRA activity can be caused not by
declining concentration of the enzyme but rather the structural
modification of the enzyme. This hypothesis was confirmed
in studies comparing SelR activity in the mitochondria and
the cytoplasm from cardiomyocytes isolated from left ventri-
cles of rat hearts exposed to different periods of ischemia and
reperfusion. These studies included 3 stages:0-90 min perfu-
sion, 30 min occlusion of the anterior interventricular branch
of left coronary artery and finally 30, 60, 90 or 120 min of
reperfusion. After the above mentioned stages of the experi-
ment, SelR activity was determined in the mitochondria and
the cytoplasm using Western blot. There was no change in the
concentration of MSRA during ischemia and reperfusion, indi-
cating that MSRA protein was not degraded [21].

Selenoprotein K (SelK) is another selenoprotein, involved
in protection of atherosclerosis development and progression.
Examination of the expression pattern revealed that the human
SelK messenger ribonucleic acid (mRNA) has been highly
present in the cardiac muscle. It was later found that overex-
pression of SelK decreases intracellular ROS concentration
which protects cardiomyocytes from the toxic effects off oxi-
dative stress [25].

The SELENOS is an antioxidative protein resistant to the
endoplasmic reticulum. This selenoprotein is relevant in disor-
ders involving the metabolism, immune system and inflamma-
tory reaction. It is highly expressed within skeletal muscle and
plays an important role in muscle growth and development.
Selenoproteins are becoming increasingly important in proper
muscle contraction [26,27]. The degradation of 50-75% of SE-
LENOSI in myoblasts resulted in an increased susceptibility
to oxidative stress, decreased proliferation and life span off
cells, higher concentration of H202, decreased reduced glu-
tathione (GSH), glutathione disulfide-oxidized (GSSG) and
an increased expression of endoplasmic reticulum genes and
oxidative stress markers (26). The SELENOSI is responsible
for regulating contraction and reaction to oxidative stress in
quickly contracting muscles [28].

Similar to other proteins, SELENOS contains Se in the form
of selenocysteine and is involved in redox reactions in the hu-
man body. Mutations to the SELENONI1 gene may result in the
development of SELENONI related myopathy (SELENON-
RM) which manifests itself with muscle weakness, stiffness
of the spine and respiratory failure. SELENON insufficiency
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leads to irregular development of the lungs manifested as en-
larged alveoli. The histopathological examination revealed
changes ranging from slightly dystrophic to inherited myo-
pathy with myofibril disorganisation [29,30]. Different types
of inherited muscle dystrophies present themselves with early
muscle hypotonia especially of the axial muscles. A study by
Deniziak about ultrastructural analysis of myotomes revealed
defective sarcomere organisation in the muscle and an altered
integrity of muscle tissue, pointing to the high relevance of
SELENON in muscle development. Mutations in the SELE-
NONI1 gene lead to irregular muscle tissue architecture [27].
A magnetic resonance imaging (MRI) scan should be conduct-
ed in case that myopathy is suspected. An MRI scan of lower
extremities revealed diffuse lipid infiltration and hypotrophy
of the sartorius, great adductor and semimembranosus mus-
cles in one of the patients, while a different patient suffered
only from the isolated hypotrophy of the sartorius muscle [30].
Data from a study conducted on 41 patients aged from 1 to 60
years suffering from SELENON-RM showed that the average
age when patients need non-invasive mechanic ventilation is
13.9 years of age and the average age of scoliosis detection is
10 years. Respiratory failure usually develops around the age
of 14 years, however the first symptoms may appear during in-
fancy or later in the 4th decade of life [31]. Information about
selenoproteins is summarized in Figure 1.
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Gluthatione peroxidase enzymes (GPx1, GPx2, GPx3, GPx4, GPx5 and GPx6)

GPx can neutralize reactive oxygen species and reactive forms of nitrogen. They are involved in oxidising H202 to water.

Thioredoxin Reductase (TrxR) are responsible for the signalisation, communication between cells, metabolism of the
LLESI ceil and repairing the DNA. TrxR protect the cell form oxidative stress.

QPSR iethionine:sulforide reductase B1 (SelR) s responsible for reducing oxidised methionine bound to protein and
other molecules. SelR is reducing the oxidative stress in cardiomyocytes.

Selenoprotein K (Selk) -overexpression of Selk decreases intracellular ROS concentration which protects

R - diomyocytes from the toxic effects of oxidative stress.

Selenoprotein S (SelS) is relevant in disorders involving the metabolism, immune system and inflammatory reaction.
RN i1 is responsible for regulating contraction and reaction to oxidative stress in quickly contracting muscles.

PNITE selenoprotein N is connected with the muscle development in a very early stage.

P

FIGURE 1. Selenoproteins in human body.

The potential role of Se in the development and progress
of circulatory disorders has been studied for decades. The first
cases of chronic Se deficiency were documented 85 years ago
in China. The patients described were diagnosed with pro-
gressing cardiomyopathy, including extensive fibrosis and
degenerative changes in the heart muscle, known as Keshan
syndrome [32]. Samples of cardiac tissue from diseased pa-
tients who suffered from Keshan disease appeared pale due
to extensive fibrosis and necrosis, furthermore the state of
sarcolemic architecture of the muscle suggested myolysis [33-
35]. Studies revealed that despite Se supplementation in the
endemic region, new cases of chronic Keshan disease were
identified. Recent research shows that Coxsackie B3 virus may
be a potential factor contributing to the development of Kes-
han disease too. Administration of Se supplements may reduce
platelet reactivity and lower the risk of perivascular necrosis of
the cardiac muscle and lower the risk of acute Keshan disease.
The relationship between low Se concentration in rice and the
endemic occurrence of Keshan disease was noticed in 1970.
The studies conducted back in the 70’s became the founda-
tion for the Chinese Ministry of Health to engineer a Keshan
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disease prevention strategy. The prevention strategy was based
on Se supplementation involving supplement tablets and Se
enriched salt administered to the people inhabiting regions
endemic to Keshan disease [36]. The strategy has practically
eliminated Keshan disease in the endemic area [34].

The meta-analysis of previously gathered data shows a mod-
erate and statistically significant correlation between the con-
centration of Se and the results of coronary disease progression
in patients. A 50% increase in Se concentration in the blood re-
sulted in a 24% decrease of development of the coronary heart
disease. The observational study was not able to determine the
effect of Se alone and differentiate it from the effect of other
antioxidants and vitamins, including -carotene, and vitamin
E on the cardiovascular system [37]. Low levels of Se in the
blood may lead to: an increased risk of cardiovascular disease
by intensifying the synthesis of thromboxane from prostaglan-
din, increased platelet aggregation and vasoconstriction [38].
By binding to toxic metals and forming nonreactive com-
pounds, Se may protect the cardiovascular system from the
effects of metals involved in the pathogenesis of atheroscle-
rosis, preventing the aggravation of coronary disease. In Tai-
wan, a group of patients suffering from the Blackfoot disease,
causing gangrene of lower extremities, a low concentration of
Se was determined. All patients suffering from Blackfoot had
an increased concentration of lactate dehydrogenase (LDH)
which was hypothesised to be connected to muscle gangrene.
Selenium supplementation could be beneficial for the patients
with Se deficiency suffering from Blackfoot [38]. There is a
positive correlation between Se blood levels and hypertension,
irrespectively of the patients age and medication prescribed.
National Health and Nutrition Survey (NHANES) conducted
an analysis of 6683 cases between 2011 and 2016 concerning
the role of trace elements in the pathogenesis of hypertension
in age groups 8-80 years of age [39,40]. Similar study con-
cerning Se intake in the diets of 2638 NHANES participants
has been conducted in 2003-2004 and revealed the same posi-
tive correlation between the increase in Se concentration in
the blood and the increase in blood pressure [41,42]. Despite
multiple publications confirming the beneficial effects of Se on
prevention of coronary disease, no recommendations for this
element intake are being made for patients, mainly due to the
difficulties in interpreting observational studies. Furthermore,
Se has commonly been associated with other vitamins and
minerals in commercial formulas and food products making it
impossible to extract particular effects of Se.

Zhang et al. in their meta-analysis of 16 studies concern-
ing the role of Se in pathogenesis of cardiovascular disease
indicate the importance of considering Se status in health as-
sessment regarding Se supplementation as intervention aiming
at prevent the diseases. The meta-analysis revealed a nonlin-
ear relationship between cardiovascular disease with blood Se
concentrations of 30-165 ng/l. Authors noticed the benefit of
cardiovascular disease within Se range 55-145 pg/l. They re-
ported that Se supplementation (200 pg/day) for 2576 raised
the blood Se concentrations by 56.4 ug/l but supplementation
with 100 pg/day for 24-456 weeks had no effect on cardiovas-
cular disease [43]. According to the present knowledge, SE-
LENORP is a reliable marker of body selenium status [44].

Se is sometimes referred to as a two-faced element due to
some of its toxic and beneficial effects. The range of healthy
Se levels is very narrow. The WHO states that the toxic limit
of Se intake is 800 pg daily [45]. A study investigating 201
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patients with Se poisoning described wide variety of symp-
toms of Se poisoning. While the recommended daily intake
of Se is 55pg/d and the highest acceptable daily intake is 400
pg/d, the patients suffering from Se poisoning took on average
41 749 ng /d of Se. The symptoms of Se poisoning included:
diarrhoea (78%), fatigue (75%), hair loss (72%), joint pain
(70%), discoloration or brittleness of nails (61%), bad mouth
odour and nausea (58%). Selenium toxicity was endemic in
some parts of China due to very high concentration of that
element in the soil [45]. Se toxicity is currently rare, due to
accidental overdose or suicidal attempt [32].

However, according to the recent publication of Rayman,
some people can easily tolerate low or high levels of Se. The
author suggests that it depends on polymorphisms in a gene,
which can improve one’s chances to tolerate low or high Se
level [44]. Moreover, the same scientist showed data confirm-
ing that Se can interact with toxic elements in human body and
form safer complexes. The same author discusses dual nature
of certain selenoproteins. For instance, selenomethionine can
be toxic, at high concentrations leading to overproduction of
superoxide radicals reacting with thiols or diselenides to pro-
duce selenyl sulphides. Interestingly, high consumption of Se
was found to affect the gut microbiota and thanks to that, Se
could be faster excreted and its toxicity is reduced [44,46].

Epidemiological studies have linked an increased risk of
autoimmune thyroiditis, Graves’ disease and goitre to low se-
lenium status. Trials of selenium supplementation in patients
with chronic autoimmune thyroiditis have generally resulted
in reduced thyroid autoantibody titre without apparent im-
provements in the clinical course of the disease. In Graves’
disease, selenium supplementation might lead to faster remis-
sion of hyperthyroidism and improved quality of life and eye
involvement in patients with mild thyroid eye disease. Despite
recommendations only extending to patients with Graves oph-
thalmopathy, selenium supplementation is widely used by cli-
nicians for other thyroid phenotypes. Ongoing and future trials
might help identify individuals who can benefit from selenium
supplementation, based, for instance, on individual selenium
status or genetic profile [6].

There are publications about the influence of Se status on
glucose homeostasis. Negative correlation between blood
Se level and glycosylated hemoglobin was observed in pa-
tients with type 1 diabetes in the study by Ruiz [47].

The role of Se in pathogenesis of type 2 diabetes was dis-
cussed in the study by Ogawa et al. [48]. Authors underlined
that Se supplementation is beneficial for people with deficien-
cy of that element, but supplementation with Se may increase
the risk of type 2 diabetes in males. Authors state that the con-
nection between Se level and glucose level is sexually dimor-
phic [48].

Jablonska et al. evaluated the influence of Se supplementa-
tion on expression of genes, which are involved in synthesis of
molecules involved in glucose homeostasis. They used cDNA
from 76 patients without diabetes who received Se supple-
ments at the dose of 200 pg for 6 weeks. Authors collected
blood from subjects before supplementation, after 2 weeks
of Se dosing, after 4 weeks, and finally 4 weeks after wash-
out. Fifteen genes were selected (encoding proteins that are
involved in insulin signaling and metabolism of glucose). Gly-
cosylated hemoglobin and fasting plasma glucose were meas-
ured 4 times during the course of the study. Supplementation
of Se was associated with a decrease in the level of glyco-
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sylated hemoglobin, but not with fasting plasma glucose level.
In the study significant down-regulation of several genes
encoding proteins involved in glucose homeostasis was ob-
served. It suggests that Se affects blood glucose level regula-
tion related to insulin production, glycolysis, metabolism of
pyruvate [49].

Because many studies showed inconsistent relationship be-
tween Se intake and the risk of cardiovascular diseases and
type 2 diabetes, Rees et al. conduced a systematic review of
twelve clinical trials and found no significant correlation be-
tween Se supplementation and mortality (neither of all causes,
nor of cardiovascular diseases). Interestingly, there was slight-
ly increased risk of type 2 diabetes in people taking Se supple-
ments but without statistical significance [46].

Se has an influence on gestational diabetes. A study with
60 participants suffering from gestational diabetes was con-
ducted. Part of them was randomly selected to receive 100pg
of Se supplementation daily for 12 weeks beginning from the
24-28th week of gestation. The study revealed that glucose
concentration in urine, blood glucose levels 2 hours post meal,
glycosylated haemoglobin, plasma insulin levels and homeo-
static model assessment (HOMA_IR) did not differ signifi-
cantly between the group receiving Se supplementation and
the group receiving placebo. The study suggested that 100ug
of Se supplementation daily did not affect glucose homeostasis
in patients suffering from gestational diabetes [4].

Acting as antioxidants, Se containing compounds plays
a role in the functioning of the immune system. Se is found
in high concentrations in lymphatic cells of the liver, spleen
and lymph nodes [50]. Due to mixed opinions on whether
Se influences the immunological responses in a cell, a study
investigating the effect of Se on the proliferation of T cells
and the synthesis of interleukin 2 (IL-2) in pig spleens was
conducted. The T cells were stimulated with mitosis inducing
factors in the presence of sodium selenite (0.5-4pmol/L). The
study revealed that Se increased the expression of T cell recep-
tors (TCR), proliferation of T cells and the synthesis of IL-2
by a statistically significant margin. Additionally, Se increased
the concentration of GPX1 and the mRNA of thioredoxin re-
ductase, increased the activity of GPX1 and the concentra-
tion of reduced glutathione in splenocytes [51]. Another study
conducted on dairy cows revealed that selenium could aid the
immune system in mitigating oxidative stress and decrease the
intensity of inflammatory disorders affecting the production
efficiency of dairy cows such as mastitis or uterine inflamma-
tion [52]. Many of the health benefits of Se can be attributed
to the antioxidative properties of seleoproteins. A change in
selenoprotein activity can directly influence key reactions and
functions in cells engaged in the inflammatory response. Ad-
dition of Se to neutrophils in vitro successfully improved the
chemotactic migration and increased the synthesis of peroxide
necessary for eradicating bacteria and other pathogens. The
study found that in comparison to lymphocytes of dairy cows
with adequate selenium levels, the lymphocytes isolated from
the blood of the dairy cows affected by selenium deficiency,
had a lower mitogen induced proliferation rate and a decreased
biosynthesis of eicosanoids (5-lipoxygenase pathway) [52-
54]. 1t is hypothesised that Se deficiency increases the syn-
thesis of platelet activating factor (PAF) in human endothelial
cells, however the mechanism remains unclear. According to
a different study on dairy cows, endothelial cells of the aorta
with insufficient Se levels, when stimulated by TNF a would
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synthesise significantly more platelet activating factor (PAF)
than the cells with adequate Se concentration. Se deficiency
changes the rate of PAF synthesis by altering the activity of
anabolic enzymes, downregulating the synthesis of prostacy-
clin’s [55].

Gombart et al. analyzed the rose of Se in the course of in-
fectious diseases and found that selenoproteins are important
for antioxidant host defense system, affecting leukocyte and
natural killer (NK) cell function, help increase interferon vy
production. Se helps to maintain antibody levels. According
to Gombart et al. Se deficiency causes suppression of immune
function, diminished NK-cell cytotoxicity, impaired humoral
and cell-mediated immunity, decreased immunoglobulin titers,
impaired cell-mediated immunity, increased viral virulence
and decreased response to vaccination [7]. Authors emphasize
that Se supplementation improves cell-mediated immunity,
improves T helper cell counts, enhances immune response to
viruses in deficient individuals [7].

There are also studies analyzing the role of Se in pathogene-
sis of Alzheimer’s disease (AD. Selenoprotein P (SELENOP),
the main Se transport protein, is responsible for maintaining
Se homeostasis in the body. SELENOP is necessary for proper
brain development and functioning. Authors conclude that via
redox reactions Se deficiency may play a role in AD develop-
ment [8].

Stroke is a result of brain blood vessel disease. Studies were
conducted to find correlation between Se status and the risk
of stroke. In the years 2007-2011 data from 7065 Canadians
and in the years 2011-2012 from 5030 residents of the United
States (US) were analyzed in this aspect. A total of 284 strokes
were identified in both groups together. It was found that sub-
jects with stroke had lower Se levels if compared to those
without stroke. Decreasing risk of stroke was observed with
blood Se levels rising but the curve plateaued at 190 pg/L.
Authors concluded that there is an inverse association between
blood Se level and the risk of stroke in the US and Canadian
citizens [56].

There is data that Se- containing compounds modulate in-
flammation and Se supplementation helps in resolution of in-
flammation. Thatis thanks to bioactive lipid mediators and pros-
tanoids. These lipid mediators enable interaction of immune
cells, while cellular redox gatekeeper -selenoproteins further
aid to reduce inflammation [8§].

Se is also believed to play a role in male and female infer-
tility. As oxidative stress can seriously impair male, and pos-
sibly also female, antioxidant properties of Se compounds is
considered beneficial for fertility. There are indications that Se
influences growth, maturation, replication of oocytes. Authors
suggest that Se supplementation at the dose less than 200pg/d
is beneficial for men and improves sperm motility [9].

The antitumour properties of Se remain poorly understood.
Possible antineoplastic activity of Se depends on the chemical
form of the element, its’ dose and the type of tumour. Studies
show that the Se supplementation of yeasts decreases the mor-
bidity of prostate cancer by 60% and a 50% decrease in total
mortality rates in both lung cancer and colorectal cancer. High
doses of Se increase the synthesis of oxygen free radicals,
which shows to have a beneficial antineoplastic effect. Oxygen
free radicals initiate apoptosis playing an active role in alter-
nating the conformation of proteins, such as: transcription fac-
tors, signalling proteins and supressing enzymes, all of which
are necessary for the survival of the cell [10,57,58]. A series of
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experiments conducted on animal subjects determined that Se
supplementation added to the animal diet, decreased carcino-
genesis in the group of animals exposed to carcinogens [38].

People should obtain Se from regular diet. Animal and
plant tissues contain trace amounts of this element. The larg-
est amounts of Se can be found in the Earth’s crust, which
makes plant foods and water good sources of this element for
humans. The main source of Se found in soil is the erosion of
rocks containing selenites and selenides. Selenite and selenide
are commonly found in soil around the world, however their
concentrations vary depending on the amount of organic mat-
ter in and around the soil, the amount of rainfall and the soils
texture type. Inorganic Se compounds are found in water, while
organic Se compounds (selenomethionine, selenocysteine) are
mainly found in grain and vegetables. The intake of selenium
by vegetables depends on physical and chemical factors, such
as: pH, redox state and microbiological activity. Soil acidity
determines the rate at which Se is absorbed by plants from the
soil. Alkaline soil makes the absorption easier [59]. Selenite is
more mobile and bioavailable than other forms of Se and is the
most often accumulated form of Se found in plants [60]. The
average Se content in cultivated soil ranges between 0.33 and
2 mg/kg across the world. Se rich soils are found in the US,
Russia and parts of China, however majority of the soils in
China contain very small amounts of selenium (<0.1 mg/kg)
[57]. Soils which arose form Se rich rocks such as sandstone
and limestone have a high level of this element [59]. Low lev-
els of Se may have a beneficial effect on a plant growth rate,
making it grow faster, protecting from abiotic stress factors.
High levels of Se in the soil may stop plants growth and inter-
fere with plant metabolism. The beneficial or negative effect
of Se on plant growth rate depends on the type of plant, Se soil
content and the compound of Se [60].

Water contains trace amounts of Se. Main forms of Se
detectable in water are selenines and seleniates [61]. Under-
ground water has a much higher Se concentration than seawa-
ter [62]. According to the World Health Organisation (WHO),
the permissible amount of Se in drinking water is 10 pg/L [57].

Se concentration in plants is not connected with the con-
centration of this element in the surrounding soil. Some plants
actively accumulate Se at concentrations that far exceed those
in the soil. Grasses usually contain higher concentrations of
Se than legumes, however this difference in concentration
becomes less significant in soils with a low Se content. Ce-
reals can store Se in their seeds mainly in the form of sele-
nomethionin. The amount of selenomethionin in seeds differs
depending on the region [50].

There is a constant biochemical exchange of Se compounds
in the atmosphere. The presence of this element in the air is
caused by soil erosion, forest fires, volcanic explosions and
human activity such as pollution and the burning of fossil fu-
els. The content of Se in the air is low and ranges from 1 to
10 ng/m3 [63].

Se content in foods depends on the geographic region, sea-
son, changes in weather conditions and the degree of food
processing, which demands for occasional testing of Se lev-
els found in soil and food. The main source of Se for humans
is the dietary intake [64]. Se deficiency is an indication for
supplementation. There is an increasing amount of new gen-
eration of Se supplements with a low risk of overdose and in-
toxication [65]. New methods of growing food are also being
introduced to increase Se content. Different forms of Se ap-
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plication were used for the two varieties of ‘Golden Delicious’
and ‘Jonagold’ apples grown in 2017 and 2018 to increase its’
absorption. Higher fertilizer levels resulted in higher Selenium
accumulation in the fruits and higher intake of the element in
people consuming a typical western diet [66].

There is an interesting publication of Schomburg who states
that positive health effects of supplemental Se can be interpret-
ed as the consequence of correcting deficiency [67]. According
to the author, Se supplementation should be given not only to
well defined patients with thyroid gland diseases in order to
alleviate symptoms, improve the disease and help to cure it
as adjuvant, but also after nutritional assessment, correcting
deficiency to patients without diagnosed thyroid pathology.
Author underlines that in Se deficiency, the lack of this ele-
ment causes limitation for the required adaptation of seleno-
protein expression. At the same time Schomburg emphasized
that supplemental Se does not cause diabetes [67]. Rayman
also states that Se status assessment is essential for supple-
mentation decision [68]. As both, Se deficiency and excess,
are found throughout the world, Se excess can develop due
to supplementation with Se. Both these conditions have been
associated with negative health effects that often are charac-
terized by a U-shaped relationship. Increased mortality may
result from low Se level as well as from too high level of this
element in the blood. Some people can tolerate high Se level
thanks to polymorphisms in genes improving body’s ability
to cope with high Se. In certain populations exposed to toxic
elements, thanks to interaction with Se, safe complexes form.
Positive or negative effects of Se supplementation depend on
the type of formula used. At high dose selenomethionine has
toxic effects. It is mediated by metabolism to selenols or sele-
nolates, that generates superoxide radicals reacting with thiols
and diselenides to produce selenyl sulphides or disulphides.
Rayman also underlines that subjects exposed to high Se dosed
from birth can alter their gut microbiota and thanks to that the
excessive amount of Se is excreted [68].

According to Nutrition Standards for the Polish Population
of 2017, the average selenium demand in the infant group is
15 pg/day. For children aged 1-3 years 17 pg, 4-9 years 23 pg.
For boys and girls aged 10-12 years 35 pg. For boys and girls
aged 13-18 years it is 45 pg. Similarly for adult men and wom-
en. During pregnancy, the selenium requirement increases to
50 pg/day. It increases to 60 pug a day during lactation [69].

CONCLUSIONS

Se plays a role in immunity and metabolism via its role in
functioning of numerous enzymes. It plays a role in glucose
homeostasis, Alzheimer’s disease, thyroid disorders, infec-
tious and inflammatory diseases, vascular diseases and fer-
tility. Se deficiency increases the risk of Keshan disease, but
there is not enough evidence to recommend its supplementa-
tion for prevention of cardiovascular disease. However, Se sta-
tus is important part of health assessment. Se supplementation
should not exceed the dose of 55ug/day.
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