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Abstract

This review aimed to assess the evidence from observational and interventional studies in humans and animals regarding the role
of selenium (Se) in male and female infertility. As oxidative stress can seriously impair male, and possibly also female,
reproductive functions, it can be speculated that the antioxidant properties of Se could constitute one of the pathways by which
this element is involved in fertility. Specifically, there are strong indications that Se influences the growth, maturation, and
replication of oocytes, though the precise mechanisms have not as yet been fully elucidated. Given that it is not clear at present
which tissue sample (blood, serum, seminal plasma, sperm, or follicular fluid) renders the most accurate picture of Se concen-
tration in terms of its role in reproduction, the data are still insufficient to recommend routine assessment of Se status in men and
women seeking fertility. Nevertheless, the existing evidence, despite being of limited quantity and somewhat low quality,
suggests that Se supplementation (< 200 pg/d) is possibly beneficial in men through its improvement of sperm motility. Well-
designed, randomized control studies are needed to reveal the seemingly diverse protective/positive role of Se supplementation in
men and women seeking fertility treatment.
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Introduction some protection against the effects of heavy metals, Se also
maintains the proper functioning of the reproductive system
[3]. Se deficiency may, therefore, have detrimental effects on

both the male and the female reproduction system.

Selenium (Se) is an essential trace element for the mainte-
nance of human body homeostasis [1]. In the form of the

amino acid selenocysteine, Se is incorporated in a large num-
ber of proteins, named selenoproteins, which exert an array of
actions, such as antioxidant defense, redox state regulation,
and cancer prevention, while also being involved in various
metabolic pathways [2]. Because of these properties, some of
the selenoproteins have emerged as potential biomarkers of
both disease and Se status. As well as potentially offering
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During gestation, the recommended Se dietary allowance
(RDA) ranges from 55 to 60 pg/d, higher than in the non-
pregnancy state [3, 4]. A possible explanation for the aug-
mented requirement of Se is the need for effective antioxidant
defense, as gestation is characterized by increased oxidative
stress, especially during early pregnancy. During normal preg-
nancy, placental oxidative stress (OS) is present during all
three trimesters and is necessary to obtain normal cell function
[4], as reactive oxygen species (ROS) and reactive nitrogen
species (RNS) act as secondary messengers in various intra-
cellular signaling cascades.

However, above a certain level, OS can negatively affect
pregnancy and serious complications may arise. Higher ma-
ternal Se concentrations have been associated with a lower
risk of miscarriage, preterm birth, pre-eclampsia, and autoim-
mune thyroid disease [5].

The current manuscript aimed to review the evidence, from
observational and interventional studies in humans and ani-
mals, for a manifold role of Se in fertility and infertility,
discussing the pathophysiology of this association.
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Selenium and male infertility
Pathophysiology

The gonads, especially the testes, have high concentrations of
Se, the latter being essential for normal testicular develop-
ment, spermatogenesis, and sperm motility [5]. Two
selenoproteins are required for normal spermatogenesis, the
Se-dependent antioxidative enzyme phospholipid peroxide
glutathione peroxidase (PHGPx) and selenoprotein P [3]. In
the testes, Se occurs mainly in the PHGPx form. Thioredoxin
reductase (TrxRs) is also present, notably in higher concentra-
tions in maturing spermatids compared with mature semen.
Selenoprotein V has also been detected in spermatic tubules,
though its exact function has not been elucidated to date [3].
Kehr et al. used X-ray fluorescence microscopy (XFM) to
visualize and quantify the tissue, cellular, and subcellular to-
pography of Se. They demonstrated that Se is abundant in late
spermatids due to increased levels of glutathione peroxidase 4
(GPX4), the levels depending on the supplies of Se by
selenoprotein P (SELENOP) [6].

Se is a co-factor of antioxidative enzymes that are respon-
sible for the neutralization, elimination, and prevention of the
synthesis of ROS, which are produced during normal sper-
matogenesis, mitochondrial activity, and capacitation [6—8].
Excessive ROS production leads to oxidative damage in poly-
unsaturated acid (plasma membrane), nucleic acid (DNA
structure), and mitochondrial dysfunction. PHGPX, together
with catalase (CAT) and superoxide dismutase (SOD), exert
a protective effect on the sperm. Moreover, selenoproteins in
semen are involved in the maintenance of sperm structural
integrity and chromatin organization [8].

Studies in humans

In a case-control study of 107 men with asthenozoosper-
mia and 235 age-matched controls, a diet high in antioxi-
dative agents, namely, vitamin E, vitamin D, vitamin C,
zing, folate, total fiber, polyunsaturated fatty acids, and
Se, was associated with a lower risk of asthenozoospermia
[9]. A major limitation was that the diet pattern was self-
reported. A meta-analysis of observational studies investi-
gating the effect of nutrients/nutritional supplements
(omega-3 fatty acids and antioxidants, including Se and
vitamins) on male infertility showed that some nutrients
were associated with sperm quality [10]; however, no con-
clusion was explicitly drawn regarding Se intake.

A trial was conducted in men in the West of Scotland to
determine whether a decrease in Se intake and Se status was
contributing to male subfertility: 69 patients were recruited
and received daily for 3 months placebo, Se alone, or Se
together with vitamins A, C, and E [11]. An increase in sperm
motility was observed in both of the Se-treated groups, while
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there was a non-significant decline in the placebo group. No
effect of the additional vitamins was noted. The conclusion
was that among subfertile men with low Se status, Se supple-
mentation is capable of improving sperm motility, thus en-
hancing the potential for successful conception [11].

In an attempt to investigate the potential beneficial effects
of Se supplementation on male fertility, Safarinejad et al. per-
formed a randomized-controlled trial (RCT) on 468 men with
idiopathic oligo-astheno-teratozoospermia, randomizing them
to 200 pg Se per os daily (n = 116), 600 mg N-acetyl-cysteine
per os daily (n = 118), 200 ug Se plus 600 mg N-acetyl-
cysteine per os daily (n = 116), or placebo (n = 118). All three
interventions had favorable outcomes in all semen parameters
[12]. More recently, Lipovac et al. conducted a prospective,
open-labeled, non-randomized study in which 156 infertile
men received a mono-substance (500 mg I-carnitine, twice
daily) and 143 a combined compound (440 mg L-carnitine,
250 mg L-arginine, 40 mg zinc, 120 mg vitamin E, 80 mg
glutathione, 60 pg Se, 15 mg coenzyme Q10, 800 pg folic
acid, once daily) [13]. An improvement in all semen concen-
tration parameters (volume, concentration, morphology, and
total progressive motility) was demonstrated after 3 months of
treatment in both groups. Mirone et al. systematically
reviewed the evidence of Se supplementation and sperm pa-
rameters, synthesizing nine interventional studies, three of
which were RCTs [14]. Six of them reported a beneficial ef-
fect, two did not detect any effect, and only one reported a
decrease in sperm motility. The latter was a small study of 11
healthy men (not infertile), and the supplementation dosage
was 297 pg/d, the highest among all studies reviewed [15]. No
meta-analysis of the studies was performed, likely due to the
high degree of heterogeneity among them, regarding study
type (double-blind and open-label RCTs, one-arm prospective
studies, open-label prospective studies), sample size (n =11 to
690), study population (infertile men, men with astheno-
teratozoospermia or isolated asthenozoospermia, men with
chronic prostatitis, and healthy men), and Se dosage (82.3—
300 pg/d) [14]. Another newer meta-analysis of RCTs by
Salas-Huetos et al. on the impact of various nutrients, dietary
supplements, and food on sperm parameters included three
RCTs involving Se supplementation that varied from 100 to
300 pg Se/d, after studies with a high risk of bias were ex-
cluded. Interestingly, beneficial effects of Se supplementation
were demonstrated regarding sperm concentration [mean dif-
ference 3.91, 95% confidence intervals (CI) 3.08-4.73 sper-
matozoa/ml, p < 0.001], total motility (3.30, 95% CI 2.95—
3.65%, p < 0.001), and morphology (1.87, 95% CI 1.50-
2.24%, p < 0.001) [16].

In conclusion, evidence from both observational and inter-
ventional studies in men show a beneficial outcome of Se
supplementation on sperm parameters in infertile men; thus,
Se evaluation and supplementation could be considered when
treating infertile men.
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Selenium and female fertility
Pathophysiology

Many selenoproteins [iodothyronine deiodinase 3 (DIO3),
TrxRs] are expressed in the uterus. Selenoprotein genes
[GPX1, GPX2, GPX3, GPX4, selenoprotein S (SELENOS),
selenoprotein H (SELENOH), and iodothyronine deiodinase
1 (DIO1) and DIO3] are detected in ovarian granulosa cells in
experimental studies [4].

Oxidative stress seems to be a key player in female fertil-
ity, similarly to the male counterpart, with its role being cru-
cial both during early pregnancy and the implantation win-
dow. At the beginning of pregnancy, trophoblasts, which
form the outer layer of the blastocyst and play a major role
in development and implantation, are exposed to hypoxic
conditions. Se increases trophoblast migration and prolifera-
tion by reducing mitochondrial oxidative stress. Specifically,
in hypoxia, Se-treated trophoblasts demonstrate increased vi-
ability, migration activity, and mitochondrial functional activ-
ity (ATP production and membrane potential) due to a de-
crease in ROS [17]. This finding is crucial as it shows that Se
can regulate trophoblast migration, thus having a large impact
on the ongoing pregnancy.

In another basic science study, Se supplementation for 8
weeks, in lymphocytes of women with PCOS who were can-
didates for IVF, increased gene expression of peroxisome
proliferator-activated receptor gamma-y (PPAR-y) and glu-
cose transporter (GLUT)-1 and decreased gene expression of
low-density lipoprotein receptor (LDL-R), but did not influ-
ence lipoprotein(a) [Lp(a)] [18].

It has been suggested that Se is involved in oocyte growth,
increasing the proliferation rate of theca and granulosa cells as
well as that of follicles, blood vessels, and stromal tissues in
ovine fetal ovaries [19]. These actions of Se were at least
partly due to its repression of nitric oxide production. High
Se intake through diet has been associated with decreased
growth of primordial, secondary, and antral follicles, stroma,
and blood vasculature in sheep fetus ovaries as compared with
normal levels of Se intake [20]. In an attempt to identify Se
distribution in the bovine ovary by X-ray fluorescence (XRF)
imaging, Ceko et al. showed an upregulation of GPX1 and
high Se concentrations in large (410 mm) healthy follicles, the
latter being ten times higher than in the corpora lutea [21].

Conversely, Se deficiency has been associated with ovarian
degeneration and follicle atresia in rats [22]. In another in vitro
study in goat luteinized granulosa cells (LGCs), it was found
that Se stimulated LGC proliferation and increased estradiol
concentrations [23]. This study showed increased expression
of cell proliferation pathway proteins, such as PCNA, cyclin-
dependent kinase-1 (CDK1), phosphorylated adenosine
monophosphate-activated protein kinase (p-AMPK;
Thr172), and phosphorylated Akt (p-Akt; Ser473), as well as

a decrease in the expression of p21 [23]. The estradiol produc-
tion was paralleled by significantly enhanced expression of
antioxidants (GPX1 and SOD2) and by steroidogenesis-
related genes (33-HSD and StAR) [23]. The increase of
GPX and SOD2 are in accordance with the reported augmen-
tation of Se and selenoproteins in large healthy follicles, where
they are thought to be involved in vital antioxidant functions
during later growth and the proliferation of follicles [4, 23].

Studies in humans

In humans, serum Se concentrations and GPX activity reach a
trough in the early follicular phase and peak in the
preovulation phase, followed by a reduction during the middle
luteal phase [2]. These fluctuations in Se concentrations fol-
low those of 17-estradiol during the menstruation cycle.
However, not all studies show a clear association between
Se concentrations and the phase of the cycle. In any case,
the phases of the menstrual cycle should be considered when
evaluating Se status in women of reproductive age.

Interestingly, low Se concentrations are reported in the se-
rum and follicular fluid of women undergoing in vitro fertili-
zation (IVF) or who have unexplained infertility [24].
Decreased Se-dependent GPX activity in follicular fluid was
associated with no fertilization of the oocytes in women un-
dergoing IVF [24]. The expression of GPX1 in cumulus cells
[isolated from cumulus-oocyte complexes of oocytes of wom-
en undergoing [VF/intra-cytoplasmic sperm injection (ICSI)
cycles] was elevated in oocytes, which led to a successful
pregnancy, underlining the importance of Se as regards follicle
size and quality [25].

Excessive ROS generation [as seen in endometriosis or
polycystic ovary syndrome (PCOS)] may cause increased
expenditure of Se. Indeed, a higher pregnancy rate was re-
corded in women with PCOS under Se supplementation in
Iran [26]. Both Se supplementation per os and sodium sele-
nite addition to the culture medium have been associated with
favorable reproductive outcomes after ART in humans and
mammals, respectively [4]. A case-control study of 98 infer-
tile women and 43 controls positively associated concentra-
tions of mercury and infertility, after adjusting for Se levels
and age [27]. Overall, methylmercury and Se exposures seem
to have an antagonistic (harmful and protective, respectively)
impact on female fertility. According to a Cochrane Review
on the effect of antioxidants (N-acetyl-cysteine, melatonin, L-
arginine, myo-inositol, D-chiro-inositol, carnitine, Se, vitamin
E, vitamin B complex, vitamin C, vitamin D and calcium,
CoQ10, pentoxifylline, and omega-3-polyunsaturated fatty
acids) in female subfertility, there is low-quality evidence that
antioxidants are beneficial for infertile women [28]. The re-
view included 50 RCTs involving 6510 women; insufficient
evidence was gathered regarding possible adverse events
[28]. Among all antioxidants, combinations and CoQ10 were
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associated with an increased clinical pregnancy rate, whereas
this was not the case for melatonin, L-arginine, myo-inositol,
or vitamin B complex.

In conclusion, evaluation of Se concentrations in women
should always be followed by consideration of the phases of
the menstrual cycle. Se concentrations in the follicular fluid
have been suggested as a marker of infertility/unexplained
infertility; however, the evidence is limited, based on small
studies with probably a large degree of bias. In any case, Se
supplementation (per os/addition to the culture medium) has
been shown to be beneficial as concerns reproductive out-
comes after ART.

Unexplained infertility

With regard to unexplained infertility, the evidence to date on
its association with Se remains limited. In one study, lower Se
concentrations were reported in the follicular fluid of women
with unexplained infertility (0.44, 95% C10.41-0.51 umol/l),
compared with women who were infertile due to other causes
(tubal factor 0.51, 95% 0.46-0.54 pumol/l and male factor
0.51, 95% CI 0.46-0.53 pmol/l, p = 0.002 and p = 0.01,
respectively) [24]. In another study, increased concentrations
of Se-binding protein-1 (SBP1) were reported in women with
idiopathic infertility and premature ovarian failure (POI) [29].

Conclusion

Mitigation of oxidative stress, which is involved in both male
and female infertility, would seem to constitute the primary
pathway by which Se could positively affect fertility.
However, the antioxidant capacity of Se does not appear to
be the only way in which it influences male and female fertil-
ity. Though the mechanisms have not as yet been fully eluci-
dated, it is likely that Se also has a positive effect on growth,
maturation, and replication of oocytes.

Given that it is not thus far clear which tissue sample
(blood, serum, seminal plasma, sperm, or follicular fluid) ren-
ders the most accurate picture of Se concentration in terms of
its role in reproduction, there is still insufficient evidence to
recommend routine assessment of Se status in men and wom-
en seeking fertility. Furthermore, there is limited evidence on
the association between serum Se and in reproductive tissues
Se concentrations.

Of particular interest would be investigations into whether
levels of SELENOP, which functions as a transport and stor-
age protein, may constitute a reliable bioindicator in infertility.
Nevertheless, the existing evidence, despite being of limited
quantity and somewhat low quality, suggests that Se supple-
mentation (< 200 pg/d) is possibly beneficial in men through
its improvement of sperm motility.
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