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AbSTr AcT

Polycystic ovary syndrome (PCOS), as the most common en-
docrine disorder in reproductive-aged women, is recognized 
by hyperandrogenism and insulin resistance. Selenium (Se) 
potentially possesses therapeutic effects on PCOS due to anti-
oxidant and insulin-like properties. This systematic review 
evaluates the potential role of Se in the complications of PCOS. 
A systematic review was performed on published studies re-
porting the effects of Se on PCOS. Three major databases in-
cluding PubMed, Scopus, and Google Scholar were searched 
until December 2018. A total of 7 human studies and two in 
vitro studies met the inclusion criteria. Two out of three 
case-control studies showed that serum Se levels tend to de-
crease in patients with PCOS. Of four studies that evaluated the 
impact of Se supplementation on insulin resistance, only one 
study showed protective effects of Se against insulin resistance. 
Two out of three studies reported the antioxidant effect of Se. 
Few studies investigating anti-androgenic effect of Se present-
ed controversial results. There were three studies that evalu-
ated the anti-hyperlipidemic effect of Se, of which two surveys 
indicated the lowering effects of Se on VLDL and LDL-choles-
terol. The reviewed studies confirmed inverse relationships 
between serum Se levels and some androgenic hormones in 
PCOS. Se is able to attenuate insulin resistance and dyslipidem-
ia. The available data are currently insufficient to support the 
protective effects of Se on PCOS.

  

Introduction
Polycystic ovary syndrome (PCOS) is known as one of the most 
common endocrine disorder in women of reproductive age world-
wide [1]. There is variation in the prevalence of PCOS widely de-
pending on ethnicity, body composition, and the definition used 
for its diagnosis. However, it is estimated that approximately 
2–20 % of reproductive-aged women are suffering from PCOS [2].

PCOS is identified by symptoms of hyperandrogenism, obesity, 
amenorrhea, hirsutism, acne, androgenic alopecia, and biochem-
ical status of raised androgens such as testosterone with irregular 
menses and infertility [3]. Although the exact cause of PCOS is still 
uncertain, it seems that involved factors are genetic, environmen-
tal, and unhealthy lifestyle [4]. The main key to the pathogenesis 
of PCOS is hyperandrogenism and insulin resistance (▶Fig. 1). Met-
abolic abnormalities are associated with PCOS, including insulin 
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state, dyslipidemia, ovarian hormones, androgen levels, biomark-
ers of inflammation, and oxidative stress in PCOS. Furthermore, ex-
ploring the knowledge gaps are addressed and recommendations 
are provided for future research.

Materials and Methods

Search strategy
To explore studies related to this systematic review, PubMed, Scopus, 
and Google Scholar were searched from inception to December 2018 
using keywords such as “selenium” or “selenate” or “selenite” or “se-
lenomethionine” or “selenocysteine” or “ebselen” or “selenious acid” 
or “selenium-binding proteins” AND “polycystic ovary syndrome” or 
“PCOS” or “sclerocystic ovary syndrome” or ‘‘dysmetabolic syn-
drome’’. All articles published in English-language journals were eligi-
ble. This systematic review was performed based on the PRISMA guide-
line and its protocol is registered with the PROSPERO database of sys-
tematic reviews (registration number: CRD42018083239).

 resistance, obesity, type 2 diabetes, cardiovascular disease, dyslipi-
demia, inflammation, and stress oxidative, which are common in PCOS 
[5]. Increasing androgen, obesity, insulin resistance, and related dis-
orders can lead to increased inflammation and oxidative stress [6].

Nowadays, the use of complementary therapy and alternatives 
in medicine is known as a good strategy to improve hyperandroge-
nism and its associated degenerative effects on PCOS [7]. Selenium 
(Se) is an indispensable trace element for humans because of its an-
tioxidant and anti-inflammatory properties [8]. It is a trace element 
that is important for the maintenance of human health, which oper-
ates as an integral part of selenoproteins assisting redox processes 
as an effective antioxidant [9]. The many beneficial roles of supple-
mentation with Se in improving reproductive outcomes, inflamma-
tory biomarkers, and oxidative stress may be linked to its inhibitory 
effects on pro-inflammatory cytokines and reactive oxygen and ni-
trogen species [10]. However, clinical conditions of PCOS might in-
directly affect Se status in the context of their pro-inflammatory ef-
fects and thus change hormonal parameters and actions as well [11]. 
Therefore, Se is assumed to likely affect the reproductive status, in-
flammatory factors, and oxidative stress biomarkers in PCOS.

The present systematic review aims to explore the literature on 
the effect and status of Se regarding weight changes, glycemic 

▶Fig. 1 The pathophysiologic characteristics of PCOS. In general, an increase in the ratio of LH release to FSH from the anterior pituitary affects the 
ovarian cells and leads to an increase in the production of androgens from theca cells (influenced by the increased secretion of LH hormone) and a 
decrease in estrogen production from granulosa cells (caused by reduced FSH secretion). Increased levels of androgens in the form of negative feed-
back increase the release of GnRH hormone from the hypothalamus thereby raising the proportion of LH release to FSH. In addition, increasing 
production of androgens also leads to increased hyperinsulinemia and insulin resistance, which can also exacerbate the release of GnRH. Hyperinsu-
linemia also acts indirectly to increase the levels of androgens and LH. PCOS: Polycystic ovary syndrome; GnRH: Gonadotropin-releasing hormone; 
LH: Luteinizing hormone; FSH: Follicle-stimulating hormone; SHBG: Sex hormone-binding globulin.
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Inclusion and exclusion criteria
The titles and abstracts of all studies were searched by two re-
searchers and reviewed independently. All in vivo and in vitro stud-
ies that examined the role of Se in PCOS and were published in Eng-
lish-language journals were eligible in this review. Those with in-
sufficient data on pregnant women, letters, comments, and 
ecological studies were excluded.

Quality assessment of studies
At first, full texts of all studies that met inclusion criteria were eval-
uated based on the checklist of the objectives and research ques-
tions. Then the information was extracted by the researcher sepa-
rately. Finally, the accuracy of the data obtained was examined by 
a third researcher.

Data extraction
Two reviewers independently screened the data of eligible full-text 
articles based on the characteristics of the study including location 
and design of the study, information of the participants, and the 
main outcome. Any disagreement between the reviewers was re-
solved by discussion between the researchers.

Findings
Totally, 1 650 potentially eligible studies were retrieved herein, of 
which 285 cases were duplicated publication, leading to 1 365 

non-duplicated publications. Of these, 24 studies were excluded 
because they did not meet the inclusion criteria, and one study was 
omitted due to lack of adequate information on the variables under 
examination. Finally, 10 articles met the inclusion criteria. A sum-
marized flowchart of the selection process of studies for the sys-
tematic review is shown in ▶Fig. 2.

Study characteristics
Characteristics and the main outcomes of the 10 articles [12–21] 
included in the systematic review are summarized in ▶Table 1. The 
trials were published between 2013 and 2018. Of all the identified 
studies, six studies were conducted in Iran. five studies [12, 16,  
19, 20, 22] used a randomized clinical trial design, whereas the oth-
ers used a case-control design. All of the five trials used 200 μg Se 
o                                                                                            r                                    a              l  l  y.

S                                                                                            e                                    l              e  n  ium and weight changes in PCOS
In the long term, obesity is considered a risk factor for infertility, 
PCOS, dyslipidemia, and cardiovascular disease risk factors [23]. It 
has been reported that subjects with obesity have a greater risk for 
PCOS, which is more likely to affect the severity of PCOS [23, 24].

There is some evidence proposing that Se supplementation de-
creases the BMI and weight of PCOS patients. For instance, in 
women with PCOS, it was shown that co-supplementation with 
200 μg/day of Se plus 8 × 109 CFU/day probiotic for 12 weeks de-

▶Fig. 2 Flowchart of the process for selecting studies for the systematic review.

Records identified through searches (n = 1 650) in electronic
databases such as PubMed, Scopus and Google Scholar
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Records after duplicates removed (n = 1 365)

Records screened (n = 24)

Articles that were excluded (n = 1 341)
because they did not meet inclusion

criteria:

– Review studies (n = 12)
– Animal studies (n = 55)
– In vitro models (n = 71)
– Other non-related studies (n = 1203)

Full-text articles assessed for
eligibility
(n = 24)

Records duplicated (n = 285)

Articles included for review
(n = 10)

Full-text articles are excluded, due to the
lack of sufficient information about the
variables under consideration (n = 14)
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creased body weight and markers of cardio-metabolic risk [12]. 
However, another study reported that supplementation with 
200 μg of Se daily for 8 weeks did not significantly affect the BMI 
and weight [22]. In line with some previous studies [16, 20], 
 Hosseinzadeh et al. indicated that women with PCOS supplied with 
oral administration of 200 μg/day of Se for 12 weeks failed to ob-
serve any weight lowering effect [19]. The discrepancy in the find-

ings may be due to differences in the duration of intervention, di-
etary intake, physical activity level, and the clinical state of the par-
ticipants. In addition, Se may reduce both weight and BMI through 
affecting insulin concentrations, which in turn reduces insulin-like 
growth factors (IGFs) and their binding proteins [20, 25]. These 
findings encourage further research on the promising role of Se in 
the weight loss of patients with PCOS.

▶Table 1 Characteristics of studies that reported the roles of selenium in PCOS.

Type of 
study

Authors/date Source Model results (treatment group)

In vitro Montes-Nieto et al. 
2013 [14]

Spain Subcutaneous (SAT) and visceral (VAT) adipose 
tissue samples from patients with bariatric surgery

– SBP1 increased in VAT compared with SAT

Köse et al.  
2014 [21]

Turkey Neutrophils from patients with PCOS treated 
with Se

– Antioxidant capacity increased
– Lipid peroxidation levels decreased

Human Razavi et al.  
2016 [22]

Iran Women aged 18–40 years old with PCOS 
received 200 μg/day Se as a Se-enriched yeast 
tablet or placebo for 8 weeks

– Pregnancy rate increased
– Acne and hirsutism decreased
–  DHEA, hs-CRP, and plasma MDA levels decreased
–  No significant difference in the hormonal profiles, 

NO and other biomarkers of oxidative stress

Jamilian et al.  
2014 [20]

Iran 18–40 years old PCOS women orally supplement-
ed with 200 μg/day Se for 8 weeks.

–  Insulin levels, HOMA-IR and lipid profile improved
– No affection on FPG
–  DHEA, hs-CRP, and plasma MDA levels decreased

Hosseinzadeh et al. 
2016 [19]

Iran Daily administration of 200 µg Se as a Se-en-
riched yeast tablet in PCOS patients aged 18–42 
years old for 12 weeks

– Insulin resistance increased
–  No significant changes in glucose, total testoster-

one, SHBG and FAI

Coskun et al.  
2013 [13]

Turkey Se levels and their relation with insulin resistance 
and hyperandrogenism in PCOS patients 
compered healthy cases

PCOS group had: 
– Lower serum levels of Se,
– Lower serum levels of FSH,
–  Higher serum levels of LH, E2, and DHEAS,
–  No significant difference in the insulin levels and 

HOMA-IR, compared to the control group

Kanafchian et al.  
2017 [18]

Iran Case control study design to evaluated serum Se 
and their relationship with insulin resistance in 
PCOS patients

PCOS group had:
– Lower serum levels of Se,
–  No significant relationship between Se levels and 

insulin resistance, Compared to the control group

Zagrodzki et al.  
2017 [17]

Poland In case control study, Se status were compared in 
patients with PCOS

PCOS group had:
– No apparent differences in Se levels,
–  No significant relationship between GPX3 and 

SELENOP,
–  A significant correlation between serum Se with 

GPX3 and SELENOP levels, Compared to the 
control group

Modarres et al.  
2017 [16]

Iran Se supplementation (200 μg/day as a Se-enriched 
yeast tablet) for 8 weeks on gene expression 
related to insulin and lipid in infertile women aged 
18–40 years old with PCOS candidate for IVF

– Gene expression levels of LDLR decreased
–  Gene expression levels of PPAR-γ and GLUT-1 

increased
– No affection on LP (a)

Shabani et al.  
2018 [12]

Iran 200 μg/day Se plus 8 × 109 CFU/day probiotic 
co-supplementation for 12 weeks on weight loss, 
glycemic control and markers of cardio-metabol-
ic risk in women aged 18–40 years old with PCOS

–  Weight, insulin resistance and markers of 
cardio-metabolic risk decreased

–  No affection on FBG and HDL-cholesterol levels

DHEA: Dehydroepiandrosterone; FAI: Free androgen index; FPG: Fasting plasma glucose; hs-CRP: High sensitivity C-reactive protein; HOMA-IR: 
Homeostasis model of assessment-insulin resistance; MDA: Malondialdehyde; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; VLDL: Very 
low-density lipoprotein; IR: insulin resistance; SBP1: Se-binding protein 1; SELENOP: Plasma selenoprotein P; SHBG: Sex hormone binding globulin; 
PPAR-γ: Peroxisome proliferator-activated receptor gamma; LDLR: Low-density lipoprotein receptor; GLUT-1: Glucose transporter 1; GPX3: Glutathione 
peroxidase; LP (a): Lipoprotein(a); NO: Nitric oxide; IVF: In vitro fertilization.
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Selenium and glycemic control in PCOS
Insulin resistance and hyperglycemia are the most prominent fea-
tures of patients with PCOS [20, 25]. Insulin resistance is the most 
common metabolic disorder in PCOS, with approximately more 
than 50 % of patients with PCOS having borderline or high insulin 
levels [19, 26].

There are many studies with controversial results on the effects 
of Se on glucose homeostasis as the most common metabolic dis-
order in PCOS, with approximately more than 50 % of patients with 
PCOS having borderline or high insulin levels. Beneficial effects of 
Se on improved glycemic control might result from its effect on sig-
nificantly increased gene expression levels of peroxisome prolifer-
ator-activated receptor gamma (PPAR-γ) and glucose transporter 
1 (GLUT-1) [16]. It also affects several essential functions including 
insulin-like action, thyroid hormone metabolism, protection from 
redox homeostasis and oxidative stress [8]. Some previous studies 
on PCOS indicated that PCOS women had significantly low levels of 
plasma Se in comparison to healthy women [19]. On the contrary, 
a recent study [18] on blood trace element concentrations in PCOS 
subjects demonstrated that there were no differences in serum Se 
levels of these patients compared to that of the control group.

A study by Coskun et al. [13] revealed that although women with 
PCOS had lower serum levels of Se, no relationships were observed 
between blood glucose and insulin levels with blood Se concentra-
tions. The following studies were conducted to investigate the po-
tential role of selenium on glycemic status in patients with PCOS.

In a study by Jamilian et al. [20], it was observed that oral sup-
plementation of 200 μg/day of Se for 8 weeks led to a significant 
improvement in insulin sensitivity characterized by an increase in 
quantitative insulin sensitivity check index (QUICKI) and decreases 
in homeostasis model of assessment-insulin resistance (HOMA-IR) 
and serum insulin levels. Similarly, Shabani et al. [12] stated that 
200 μg/day Se plus 8 × 10 CFU/day probiotic supplements in women 
with PCOS had beneficial effects on improved insulin metabolism, 
but did not affect FPG levels. On the contrary, Hosseinzadeh et al. 
[19] indicated that administration of 200 μg of Se as a Se-enriched 
yeast tablet for 12 weeks in women with PCOS did not yield any ef-
fect on fasting blood sugar (FBS). Also, they concluded that 12 
weeks of Se supplementation increased insulin resistance in PCOS 
patients. Therefore, until the results of additional investigations 
become available, the use of Se supplements in these patients need 
to warrant more caution. Similarly, Shabani [12] and Jamilian [20] 
did not observe any effect of Se supplement on FBG levels. Some 
investigators, however, indicated that a 3-month Se supplementa-
tion in subjects with T2DM significantly decreased fasting plasma 
glucose (FPG) levels indicating that Se supplementation may lead 
to reduced insulin resistance. Moreover, Se supplementation was 
reported to have a good effect on lowering the FBS, though, it was 
not significant [12, 20]. There is nearly a general agreement that 
Se may stimulate the insulin cell signaling pathway, resulting in a 
diminished insulin resistance [12, 16, 20].

Selenium and dyslipidemia in PCOS
Dyslipidemia is one of the common metabolic disorders due to hor-
monal changes and insulin resistance in patients with PCOS, which 
is one of the most important risk factors for atherosclerosis [27, 28]. 
Also, dyslipidemia in PCOS women contributes to reproductive dis-

orders. In addition, insulin resistance and hyperandrogenism have 
been observed in PCOS women, therefore, they are more likely to 
develop an intrinsic lipid abnormality [29]. Increased gene expres-
sion levels of some enzymes such as lipoprotein (a) [LP (a)], 
low-density lipoprotein receptor (LDLR), and β-oxidation following 
Se supplementation may improve lipid metabolism [30].

Previous studies reported diverse effects of Se on lipid profile. 
Shabani et al. [12] indicated that 200 μg/day of Se supplementa-
tion for 12 weeks led to significant decreases in LDL, TG, and TC and 
improvement of HDL in women with PCOS; however, no changes 
were observed in PCOS patients, indicating that Se supplementa-
tion did not affect TG. Also, Jamilian et al. [20] found that after  
8 weeks of intervention with Se, no differences were observed in 
term of HDL and HDL, though, it decreased TG levels. The different 
findings may be due to differences in the baseline lipid profile, die-
tary intake, and blood Se levels of the participants. Overall, Se may 
have a possible beneficial impact on dyslipidemia, yet, related stud-
ies are scarce and more investigations are needed to find out the 
protective effects of Se on lipid profile.

Selenium and ovarian hormones and androgens in 
PCOS
Previous studies have demonstrated that PCOS is associated with 
female infertility, which is characterized by hirsutism, hyperandro-
genism, anovulation, and menstrual disturbance [13, 31]. In addi-
tion, insulin resistance is also responsible for increased hyperinsu-
linism, which in turn contributes to the production of high andro-
gen levels and increased ratio of LH to FSH [32–34].

In this regard, previous studies showed that Se might affect sev-
eral reproductive and obstetric complications including infertility. 
Razavi et al. [22] reported that 200 μg of Se daily for 8 weeks had a 
beneficial effect on reproductive outcomes, especially on decreas-
ing serum dehydroepiandrosterone (DHEA) levels in PCOS subjects. 
Additionally, patients who received Se supplements had signifi-
cantly higher pregnancy rates and decreased acne and/or hirsutism 
compared with placebo-fed subjects [22]. However, Hosseinzadeh 
et al. showed that administration of 200 μg of Se supplements for 
12 weeks did not lead to significant changes in hormonal profiles 
including total testosterone and SHBG concentrations [19]. It 
should be noted that there is such a paucity of data on the effect 
of Se supplements on obstetric complications. Furthermore, care-
fully designed studies are needed to evaluate the effect of Se in this 
context.

Selenium and biomarkers of inflammation, and 
oxidative stress in PCOS
Increased levels of pro-inflammatory cytokines and oxidative stress 
markers have been reported in patients with PCOS [35, 36]. Like-
wise, previous studies demonstrated that women with PCOS pre-
sented significantly lower total antioxidant capacity (TAC) levels in 
comparison with controls [37, 38]. On the other hand, these mark-
ers of oxidative stress are negatively associated with testosterone 
in women with PCOS [37]. Oxidative stress and low grade inflam-
mation play a fundamental role in infertility, which also impairs in-
sulin action [36, 39]. All of these could together lead to increased 
cardio-metabolic risk in these women [40].
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Beneficial effects of Se supplementation on improved oxidative 
stress may result from its important role in redox reactions, such 
as glutathione peroxidase (GPx) and superoxide dismutase (SOD) 
[41, 42]. In addition, Se might decrease hydroperoxides levels via 
preventing the production of proinflammatory cytokines includ-
ing TNF-α and IL-1 [43]. Few studies have reported the role of Se 
supplementation on oxidative stress and inflammation in PCOS 
women. For instance, Razavi et al. [22] indicated that Se supple-
mentation in women with PCOS led to a significant improvement 
in serum high sensitivity C-reactive protein (hs-CRP), and plasma 
malondialdehyde (MDA) levels, but it did not influence nitric oxide 
(NO) and other biomarkers of oxidative stress. Se appears to pro-
vide a protective effect against oxidative stress and Ca entry 
through modulation of neutrophil TRP vanilloid 1 (TRPV1) calcium 
channels [21]. Köse reported that antioxidant effects of Se on the 
modulation of neutrophil TRPV1 calcium channels decreased lipid 
peroxidation levels in neutrophils from PCOS patients [21].

Discussion
Based on the findings of the present systematic review on 10 stud-
ies [12–21], Se supplementation shows remarkable effects on PCOS 
patients. In spite of substantial heterogeneity in studies, Se may have 
modest benefits in lowering both oxidative and inflammatory indi-
ces in PCOS subjects. Evidence from the current review showed an 
inconsistency with regard to the effect of Se on insulin resistance.

Overall, results of case-control studies suggest that patients 
with PCOS have lower serum levels of Se than control groups. None-
theless, inconsistent relationships were observed between Se lev-
els and reported PCOS complications [13, 18]. Studies so far have 
not been able to find any significant correlation between serum 
levels of Se and insulin resistance [13, 17, 18], However, Se levels 
are inversely associated with total testosterone [13]. In a study, 
Montes-Nieto et al. [14] indicated that both the distribution of body 
fat and the abundance of several VAT and SAT proteins including Se 
binding protein 1 (SBP1) and some antioxidant proteins are differ-
ent between men and women. These patterns were similar in men 
and women with androgen excess, suggesting the potential effect 
of androgens on adipose tissue function, particularly gene expres-
sion of SBP1 which leads to reduced Se levels.

The results of an in vitro study support the antioxidant features 
of Se in the neutrophils of patients with PCOS [21]. Hyperglycemia 
induction in PCOS increases ROS production leading to systemic 
inflammatory response [13, 44]. Particularly, the release of TNF-α 
following hyperglycemia exacerbates insulin resistance [13]. Ele-
vated oxidative stress stimulates the ovarian steroidogenic en-
zymes responsible for androgen production causing hyperandro-
genism [13].

Being widely used in inflammatory reproductive diseases, Se 
may inhibit NF-κβ and reduce inflammatory cytokines including 
TNF-α and IL-1/18, thereby preventing insulin resistance [21, 45]. 
It may be speculated that the systemic inflammatory condition in 
PCOS negatively influences Se concentration which results in exac-
erbation of inflammation [46–48]. Se acts as insulin-like agent and 
increases gene expression in pancreatic beta cells while downreg-
ulating COX-2 and P-selectin; therefore, treatment with Se may 
prevent diabetes [49–51].

In PCOS, neutrophils are the key immune cells producing inflam-
matory metabolites, especially interleukins and TNF-α [52, 53]. 
Ca2 + entry to the neutrophils through transient receptor potential 
(TRP) channels and the oxidative stress activate neutrophils lead-
ing to increased oxidative stress [21, 54, 55]. Köse et al. observed 
the modulatory effect of Se on TRPV1 channels which resulted in a 
considerable reduction in Ca2 + influx and antioxidant protection in 
the neutrophils isolated from PCOS patients [21]. A study by Kayan 
et al. indicated that Se inhibits Ca2 + influx through a TRP melasta-
tin-2 (TRPM2) channel in hamster ovary cells in order to protect the 
cells against oxidative stress [56].

PCOS-induced Se deficiency inhibits PPAR-γ activity involved in 
the metabolism of insulin as well as lipids and the regulation of 
ovarian function [57, 58]. Se supplementation in infertile women 
with PCOS enhanced the gene expression of PPAR-γ and GLUT-1, 
but did not affect LP (a) and downregulated LDLR leading to miti-
gation of metabolic disorders such as insulin resistance and dyslipi-
demia [16]. Previous studies have suggested that Se has possible 
therapeutic effects on hypercholesterolemia and hypertriglyceri-
demia mainly due to significant increase in the gene expression of 
very long chain dehydrogenase, medium chain acyl-CoA dehydro-
genase, and β-oxidation enzymes [59, 60].

A study on 70 women with PCOS revealed that those received 
Se (200 μg per day) or placebo for 8 weeks presented lowering ef-
fects of Se on serum insulin levels, HOMA-IR, serum triglycerides, 
and VLDL-C levels, however, FPG and other lipid profiles did not 
change [20]. Contrarily, Hosseinzadeh et al. observed no benefits 
of Se supplementation among 60 PCOS women who consumed Se 
or placebo with the same doses used in their previous study for 12 
weeks [19]. Unexpectedly, it intensified the insulin resistance with-
out significant changes in serum testosterone, SHBG, and free an-
drogen index [19]. This study suggested that increased selenopro-
tein P is responsible for insulin resistance following Se supplemen-
tation [61–65]. Selenoprotein P inhibits a main regulator of energy 
metabolism, called adenosine monophosphate-activated protein 
kinase, and independently worsens insulin resistance [61]. There-
fore, it can be hypothesized that the body is likely to compensate the 
metabolic disorders occurring in PCOS by reducing Se levels [19].

Oxidative stress is reported to induce both insulin resistance and 
hyperandrogenism [66]. On the other hand, hyperandrogenism, 
hyperinsulinemia, and insulin resistance in women with PCOS pre-
dispose the patient to infertility and hirsutism in addition to the 
mentioned complications [66–68]. Most included studies have con-
ducted on Se and insulin resistance in PCOS [12, 13, 18–20], but 
there are few studies on the effect of Se on hormonal profile 
[19, 22]. It has been shown that FSH tends to decrease in PCOS, 
however the concentrations of LH, E2, testosterone, and DHEAS 
grow considerably [13]. LH and induced insulin resistance syner-
gistically enhance the production of androgens in the thecal cells 
[69]. Further, a reduction in the hepatic synthesis of SHBG follow-
ing Insulin resistance and hyperinsulinemia causes higher concen-
trations of free androgens [69, 70].

A novel Se-based immunomodulatory drug (IMOD) has exhib-
ited protective effects against hyperandrogenism-induced PCOS 
[71]. This study attributed the positive effects of IMOD in part to 
the antioxidant and anti-inflammatory properties of Se [71]. 
 Coksun et al. indicated a negative association between Se levels 
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and LH and testosterone, although the authors could not demon-
strate the causal relationship between Se depletion and hormonal 
disorders [13].

A randomized controlled trial amongst women with PCOS re-
vealed significant positive outcomes including enhanced conception 
rate, reduced serum DHEA levels, hirsutism, alopecia, and acne in 
the Se supplemented group [22]. This study suggests that Se sup-
plementation may exert its favorable effects on the hormonal pro-
file through improving insulin metabolism and reducing oxidative 
stress [20, 21]. As a whole, possible mechanisms for potential roles 
of Se on metabolic pathways in PCOS is summarized in ▶Fig. 3.

Knowledge gaps and future directions
None of the clinical trials has evaluated the effects of Se supple-
mentation on plasma or urine Se levels at baseline and at the end 
of the study. Se intake may only be effective in patients with Se de-
ficiency; thus, determination of Se status and a standard method 
for assessing its status should be considered in the studies. Future 
trials of Se supplementation across a large-scale population with 
optimal doses are required to confirm possible beneficial effects of 
Se in attenuation of PCOS complications, particularly insulin resist-
ance, dyslipidemia, and hyperandrogenism. More studies are also 
warranted to address whether Se status contributes to PCOS patho-
genesis or Se deficiency occurring due to dysregulated hormonal 
profile in PCOS.

Patients with PCOS consume various medications such as insu-
lin sensitizers, anti-hyperlipidemic drugs and fertility medicines 
[72]. The interactions between Se and the relevant medications 
haven not been yet definitively assessed. Finally, considering the 

fact that oxidative stress may mediate hyperandrogenism in PCOS, 
the question arises whether reducing oxidative stress using any 
kind of antioxidants can mitigate hyperandrogenism or Se supple-
mentation is capable to alter hormonal profile via exclusive mech-
anisms.

Conclusion
In conclusion, evidence from the reported studies confirmed the 
negative relationship between serum Se levels and some andro-
genic hormones in PCOS, although there are no robust documents 
to consider Se status as a direct contributor to PCOS pathogenesis. 
Interventional studies suggested that Se supplementation poten-
tially confers additional benefits in patients with PCOS. Se possibly 
lowers oxidative stress leading to a significant reduction in insulin 
resistance and hyperandrogenism. Further, Se appears to attenu-
ate dyslipidemia observed in PCOS through affecting gene expres-
sion involved in lipid metabolism. Taken together, the available data 
are currently insufficient to support the protective effects of Se on 
PCOS. Regarding the fact that there is a narrow window between 
the deficiency and toxicity of Se, the optimal dose of Se to mitigate 
the complications induced in PCOS is extremely important.
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▶Fig. 3 Possible mechanisms for the impacts of selenium on polycystic ovary syndrome.
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