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ABSTRACT 
Polycystic ovary syndrome (PCOS) is a multifactorial disorder with unknown etiology. The purpose of this systematic review 
is to analyze the available clinical trials on elemental supplementation in terms of improving biochemical parameters in 
women with PCOS. Electronic databases were searched from their inception until February 2023. Randomized controlled 
trials (RCTs) of PCOS during therapy with elemental supplementation alone or in combination with other elements were 
analyzed. Recommendations regarding supplementation with elements are not clear. There are many factors to consider, 
with the primary factor being the type of element and the possibility of supplementation and a balanced diet. Another 
aspect to consider is the presence of comorbidities, which may increase the demand for and absorption of elements.  
A final factor to be considered is the determination of the body’s need for specific elements. Some elements may require 
supplementation (e.g., magnesium, selenium, iodine, calcium), while others (e.g., iron, copper, potassium, zinc, manga-
nese, chromium) are in sufficient amounts in a proper diet, and some should be limited (e.g., sodium, phosphorus). It is 
necessary to determine the optimal dose of each element in order to improve the biochemical parameters of PCOS as 
much as possible, while at the same time avoiding the negative effects of excessive consumption.
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INTRODUCTION
In recent years, extensive research has been conducted 

to better understand the physiological role of elements, 

including the consequences of deficiency or excess. De-

creased levels of elements are found in various reproduc-

tive disorders, such as infertility, spontaneous abortion, 

pre-eclampsia, placental abruption, premature rupture of 

membranes, stillbirth and low birth weight [1]. However, 

there is a limited number of scientific publications in the 

literature on element levels among women with polycystic 

ovary syndrome. 

More and more women with polycystic ovary syndrome 

(PCOS), guided by information on the advantages of taking 

various dietary supplements, also reach for element prepara-

tions [2]. Thus, it is important to expand research in order to 

understand how these supplements may affect the factors 

involved in PCOS, including metabolism, reproduction, and 

the psychological characteristics of the disease.

Despite emerging reports on the importance of ele-

ments, the optimal amounts of these components in the diet 

for women struggling with PCOS are not clearly delineated. 

However, it is known that lifestyle changes, including dietary 
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modification, are considered one of the first-line therapies 

for metabolic syndrome in overweight and obese women 

with PCOS [1, 2]. Thus, a review of element supplementation 

in the course of PCOS seems a reasonable endeavor.

MATERIAL AND METHODS
This systematic review aims to discuss the effect of ele-

ment supplementation on the biochemical parameters of 

PCOS patients. The literature was comprehensively searched 

from first mention (2005) to February 2023 in the PubMed 

and SCOPUS databases. The search scheme is shown in 

Figure 1. Two authors independently searched the literature, 

and after eliminating repetitive articles, assessed the eligibil-

ity of articles according to the above criteria. 

The inclusion criteria: study sample was adult women 

diagnosed with PCOS; involved supplementation with one 

element or co-supplementation with other elements or vi-

tamins; study design was randomized controlled trial (RCT).

The exclusion criteria: adolescent PCOS patients (age > 

> 18 years); the presence of comorbidities; no assessment 

of supplementation or no specification of the amount of 

dosage of supplements; lacking a control group; no access 

to the full text of the article.

RESULTS AND DISCUSSION 
Element supplements are among the dietary supple-

ments that are expected to provide improvement of the 

metabolic profile. The latest research on PCOS focuses on 

element supplementation to eliminate pathological situa-

tions in PCOS. Some elements (e.g., magnesium, potassium, 

zinc) are often present in insufficient amounts, while some 

are in excess (e.g., sodium and phosphorus) [1–2]. In this 

Figure 1. Flow chart of the review (created with BioRender.com https://app.biorender.com/, accessed on 12 March 2023); PCOS — polycystic ovary 
syndrome
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work, an analysis of elements was made, from the most 

desirable elements, the supplementation of which seems 

necessary, to the least desirable, where care should be taken 

not to exceed the recommended amounts.

It has been shown that PCOS patients have lower serum 

magnesium (Mg) levels than healthy women [3]. Magne-

sium deficiency is associated with a wide range of compli-

cations in the female reproductive system [4–8]. Magne-

sium controls follicle stimulating hormone (FSH) binding 

to receptors in the ovary. Moreover, estrogen activity is 

magnesium dependent. Its deficiency increases the risk 

of infertility, miscarriage, premature birth and low birth 

weight [4]. Examples of magnesium supplementation are 

presented in Table 1 [9–34]. Recent research has suggested 

that magnesium may reduce the clinical symptoms of PCOS 

in two ways: by improving glucose homeostasis and an-

drogen reduction as well as through its anti-inflammatory 

and antioxidant properties [5, 6]. As the cited studies have 

shown, magnesium in combination with vitamin E, zinc, or 

calcium significantly improves insulin resistance and inflam-

mation [3, 7]. However, long-term studies are needed to 

confirm these associations and to demonstrate the benefits 

of using magnesium supplements in women with PCOS [8]. 

Considering the above and the fact that magnesium in the 

healthy population is often deficient, Mg supplementation 

in PCOS should be considered.

Women with PCOS often have calcium abnormalities; 

those who are obese are particularly at risk of deficiency of 

this element [14]. This may be due, in part, to the fact that the 

concentration of adiponectin is strongly related to the level 

of Ca and vitamin D [13]. It is suspected that abnormalities 

in calcium levels may be related to IR and contribute to the 

pathology of PCOS; however, the opinions of scientists are 

divided [13–18]. It is also suspected that there is a potential 

relationship between bone-derived markers and further 

disorders in women with PCOS [4, 5]. Due to its beneficial ef-

fect on ovarian follicles and the regulation of the menstrual 

cycle, calcium supplementation is recommended for women 

with PCOS. While these changes cannot be attributed to 

calcium alone, it is important to note that elements often 

work in complexes to regulate various metabolic processes 

and thus reduce the negative health effects associated with 

PCOS [14, 16–18]. Vitamin D increases calcium absorption. 

Latitude, season and climatic conditions are just some of the 

environmental factors that determine vitamin D production. 

Considering the above, it is recommended to supplement 

with vitamin D in regions with low insolation, along with 

calcium supplementation [13–15]. Calcium + vitamin D com-

plex improves nerve transmission conduction, vasospasm, 

and dilatation as well as endocrine secretions. In addition, 

it has a positive effect on insulin secretion [18]. Studies 

also indicate that supplementation with Ca + vitamin D  

in women with PCOS improves lipid profile, increases QUICKI 

and decreases serum insulin concentrations, HOMA-IR,6 and 

testosterone (Tab. 1).  

Adequate potassium intake can have a significant im-

pact on glycemic control and diabetes risk reduction in 

women with PCOS, who are already at higher risk of de-

veloping additional comorbidities.  It has been shown that 

the concentration of potassium in erythrocytes in women 

with PCOS is significantly higher than in healthy women [2] 

showed the existence of significant negative relationships 

between the amount of potassium in the erythrocytes of 

women with PCOS and saturated fatty acids in cell mem-

branes. Saturated fatty acids cause a decrease in potassium 

influx into the cell by destabilizing the pH of the cytosol 

[35]. Although there is no information on potassium sup-

plementation in women with PCOS, it seems reasonable to 

introduce this element to the diet, especially in cases where 

it is necessary to eliminate products with a high glycemic 

index (bananas, potatoes, sweet potatoes), which are the 

main source of potassium. Removing these products from 

the daily diet may increase the occurrence of deficiency 

of this element in PCOS patients. In addition, with a low 

consumption of vegetables, especially tomatoes, supple-

mentation may be indicated.  

Recently, attention has been paid to the importance 

of zinc in endocrine diseases such as PCOS [19]. Women 

following diets rich in fish and other seafood (e.g., Mediter-

ranean diet) usually have adequate levels of zinc, iodine, 

selenium and copper. For other diets, supplementation may 

be required. Zinc deficiency can lead to many disorders, 

including insulin resistance, diabetes, obesity, hypergly-

cemia and hypertriglyceridemia [19–21]. It can also cause 

oxidative damage in chronic diseases. Therefore, zinc may 

be a prognostic marker of PCOS [6, 20]. Table 1 shows the 

effect of zinc supplementation in women with PCOS. After 

zinc supplementation, an improvement in insulin resistance 

and lipid metabolism was found. 

Thanks to its antioxidant and insulin-like properties, 

selenium has therapeutic potential for PCOS, especially 

since women with PCOS have a lower selenium content 

compared to healthy women [25]. Due to the generally 

insufficient intake of selenium, supplementation with this 

element is recommended [27]. Studies indicate a positive 

effect of selenium supplementation, as a result of which 

a reduction in IR, inflammation and oxidative stress was 

observed. However, not all parameters showed improve-

ment (lipid and hormonal parameters or other features of 

PCOS such as acne and hirsutism) [25]. Clinical trial results 

are presented in Table 1. The results show a decrease in 

the level of HOMA-IR and HOMA-B and increase in QUICKI, 

as well as a lowering of the level of triglycerides (TG) and 

VLDL cholesterol [22–24, 26, 27]. There are also reports that  
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supplementation does not positively affect the improve-

ment of parameters in PCOS [25]. Research results are con-

flicting; thus, supplementation should be considered with 

caution. However, it seems that in women who do not eat 

seafood and/or who have thyroid diseases, periodic sup-

plementation may be indicated.

Chromium regulates the menstrual cycle, which con-

tributes to increasing the chances of ovulation. Its deficiency 

contributes to the development of glucose intolerance, 

insulin resistance, hyperinsulinemia and a reduction in the 

number of insulin receptors [28]. Chromium is an important 

element in the treatment of PCOS, as it regulates hormonal 

profile disorders caused by this syndrome, improves body 

composition and reduces body mass index (BMI) [29–32]. 

Table 1 shows the results of chromium supplementation, es-

pecially in the form of chromium picolinate (CrP; chromium 

picolinate contains 12.4% elemental trivalent chromium) 

in PCOS patients. Chromium picolinate has been shown 

to improve IR, glycemic control and metabolic status, as 

well as lower body weight in women with PCOS [33, 34]. 

The results of clinical trials also indicate that chromium 

supplementation may reduce the HOMA-IR, HOMA-B index 

and increase the QUICKI index. Chromium, by enhancing 

the insulin signaling pathway, increasing activated protein 

kinase (AMPK) activity and increasing cellular glucose up-

take, has a beneficial effect on improving diabetic param-

eters in PCOS patients [32]. Although there is evidence of  

a positive effect of chromium on biochemical parameters 

in PCOS, caution should be exercised when recommending 

supplementation with this element, as it is associated with 

increasing oxidative stress, DNA damage, genome instability 

and carcinogenicity [2, 27].

Polycystic ovary syndrome can cause dysregulation of 

systemic copper homeostasis. Many authors report higher 

levels of Cu in the blood serum of PCOS patients than in 

healthy women [2]. This can increase infertility rates by 

lowering progesterone levels, resulting in anovulation, im-

plantation failure or luteal phase deficit. Moreover, a positive 

and statistically significant correlation was found between 

HOMA-IR and Cu [1]. In order to explain the relationship 

between high Cu levels in PCOS patients, studies should be 

extended to include reactive oxygen species. It is suspected 

that Cu supplementation may only be required in sporadic 

individual cases.

More than one-third of the world’s people are at risk of 

iodine deficiency. An inadequate intake of iodine may lead 

to reproductive dysfunctions, congenital malformations or 

birth defects, and increased fetal and neonatal mortality. De-

ficiency of this element negatively affects folliculogenesis, 

contributing to the development of polycystic ovary syn-

drome [1, 2]. Recently, increased attention has been paid 

to the elimination of iodine deficiency, mainly due to the 

widespread introduction of iodized salt. However, the avail-

ability of this salt does not guarantee the optimal dose of 

iodine. In addition, in populations that do not require sup-

plementation, it can cause harm to the body. Therefore, as 

in the case of selenium, supplementation may be indicated 

in people who do not consume fish and seafood or who 

consume them in insufficient amounts. Therefore, research 

on a larger scale is necessary to develop the best methods 

to eliminate the problem of iodine deficiency in the body.

Manganese may be involved in glucose metabolism 

disorders in women with PCOS; however, the research results 

are mixed. Many authors point to a lower level of manganese 

in women with PCOS than in healthy women. It is assumed 

that this is due to the consumption of this element in the 

antioxidant defense system, including manganese superox-

ide dismutase (MnSOD), in the event of increased oxidative 

stress [1]. Studies also indicate an increase in manganese 

deficiency in the case of insulin resistance. However, some 

researchers observed higher levels of this element in women 

with PCOS compared to the control group. Due to doubts 

regarding the impact of manganese on the body in women 

with PCOS, there are no studies on supplementation with 

this element.

Polycystic ovary syndrome is associated with excessive 

iron levels resulting from infrequent and scanty menstrua-

tion and reduced circulating hepcidin levels, which leads 

to increased iron absorption [2]. Many studies indicate sig-

nificantly higher iron content in women with PCOS than in 

healthy women. Studies also show an association between 

elevated BMI (obese/overweight) with PCOS and higher 

serum ferritin, indicating the critical role of overweight/ 

/obesity. There are also reports of the lack of differences in 

the level of this element between women with PCOS and 

healthy women [1]. There are no studies on iron supplemen-

tation in women with PCOS, as this group usually does not 

require such intervention. Further research is suggested to 

focus on ways to lower iron levels in PCOS.

The last two elements: sodium and phosphorus, are 

among the elements found in excess in the diet. High sodi-

um intake leads to increased production of glucocorticoids 

in adipose tissue and cortisol metabolites in urine. Sodium 

should be supplied systematically, in small amounts, be-

cause its excess is dangerous to health. The prevalence and 

excess of this ingredient in the diet makes supplementation 

harmful to health. Due to the excess in-take of sodium, es-

pecially in people who consume hidden sources of sodium 

(bread, rennet cheese), it would be advisable to limit sodium 

and eliminate the habit of adding salt. 

Due to the widespread abundance of phosphorus in 

food, the element is found in excess in the diet. Elevated 

levels of phosphorus are especially dangerous in the case 

of calcium deficiency in the diet. The ratio of calcium to 
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phosphorus is then disturbed, which may lead to increased 

secretion of parathyroid hormone and increased calcium 

resorption from the bones. The correct proportions of these 

two elements can be maintained only by using a diet rich 

in milk and milk products. In women with a calcium deficit, 

especially in regions where dairy products are scarce (e.g., 

Asia), other sources of calcium can be used, e.g., sesame, 

hummus or vegetable milk. There are no previous publica-

tions on phosphorus supplementation in women with PCOS.

CONCLUSIONS
The small number of available publications on sup-

plementation with certain nutrients suggests that addi-

tional high-quality research is necessary to determine the 

effectiveness of element supplementation. Clinical and 

review studies emphasize the positive effect of supple-

mentation with selected elements on the improvement of 

reproductive, metabolic and hormonal disorders in PCOS. 

Supplementing the diet of women with PCOS with these 

elements had a positive effect on maintaining glucose and 

insulin homeostasis and improved the lipid profile. However, 

the available literature lacks a comprehensive approach to 

supplementation or co-supplementation with micronutri-

ents, which makes it difficult to determine the extent to 

which these therapies could be effective in the treatment 

of PCOS symptoms. It should be remembered that there are 

many factors that can affect supplementation; there can be  

a positive but also a negative impact when the recom-

mended amounts of a given element are exceeded. Thus, it is 

important to consider the type of diet used by PCOS patients  

as well as the comorbidities that may interfere with the 

processes of absorption and excretion of elements.

Article information and declarations

Author contributions

Conceptualization: KPN and MS; methodology: KPN and 

MS; validation: KPN, MZ, MSF and MS; formal analysis: KPN 

and MS; data curation: KPN and MS; writing — original draft 

preparation: KPN, MZ, and MS; writing — review and editing: 

KPN, MSF and MS; visualization: KPN and MS; supervision: 

KPN and MS; project administration: KPN and MS; funding 

acquisition: KPN, MZ, MSF and MS.

Funding

This research received no external funding.

Acknowledgments

Not applicable.

Conflict of interest

The authors declare no conflict of interest.

Supplementary material

None.

REFERENCES
1.	 Pokorska-Niewiada K, Brodowska A, Szczuko M. The content of min-

erals in the PCOS group and the correlation with the parameters of 
metabolism. Nutrients. 2021; 13(7), doi: 10.3390/nu13072214, indexed 
in Pubmed: 34203167.

2.	 Szczuko M, Kikut J, Szczuko U, et al. Nutrition strategy and life style in 
polycystic ovary syndrome — narrative review. Nutrients. 2021; 13(7), 
doi: 10.3390/nu13072452, indexed in Pubmed: 34371961.

3.	 Jamilian M, Sabzevar NK, Asemi Z. The effect of magnesium and vitamin 
E co-supplementation on glycemic control and markers of cardio-
metabolic risk in women with polycystic ovary syndrome: a randomized, 
double-blind, placebo-controlled trial. Horm Metab Res. 2019; 51(2): 
100–105, doi: 10.1055/a-0749-6431, indexed in Pubmed: 30286483.

4.	 Jamilian M, Maktabi M, Asemi Z, et al. A Trial on the effects of mag-
nesium — zinc-calcium-vitamin D co-supplementation on glycemic 
control and markers of cardio-metabolic risk in women with polycystic 
ovary syndrome. Arch Iran Med. 2017; 20(10): 640–645, indexed in 
Pubmed: 29137465.

5.	 Farsinejad-Marj M, Azadbakht L, Mardanian F, et al. Clinical and metabolic 
responses to magnesium supplementation in women with polycystic 
ovary syndrome. Biol Trace Elem Res. 2020; 196(2): 349–358, doi: 10.1007/
s12011-019-01923-z, indexed in Pubmed: 31960275.

6.	 Afshar Ebrahimi F, Foroozanfard F, Aghadavod E, et al. The effects of 
magnesium and zinc co-supplementation on biomarkers of inflamma-
tion and oxidative stress, and gene expression related to inflammation 
in polycystic ovary syndrome: a randomized controlled clinical trial. Biol 
Trace Elem Res. 2018; 184(2): 300–307, doi: 10.1007/s12011-017-1198-5, 
indexed in Pubmed: 29127547.

7.	 Muneyyirci-Delale O, Kaplan J, Joulak I, et al. Serum free fatty acid 
levels in PCOS patients treated with glucophage, magnesium oxide 
and spironolactone. Gynecol Endocrinol. 2013; 29(5): 474–477, doi: 
10.3109/09513590.2013.769515, indexed in Pubmed: 23461841.

8.	 Shokrpour M, Asemi Z. The effects of magnesium and vitamin E co-
supplementation on hormonal status and biomarkers of inflammation 
and oxidative stress in women with polycystic ovary syndrome. Biol 
Trace Elem Res. 2019; 191(1): 54–60, doi: 10.1007/s12011-018-1602-9, 
indexed in Pubmed: 30565017.

9.	 Alizadeh M, Karandish M, Jafarabadi MA, et al. Metabolic and hormonal 
effects of melatonin and/or magnesium supplementation in women 
with polycystic ovary syndrome: a randomized, double-blind, placebo- 
-controlled trial. Nutrition & Metabolism. 2021; 18(1), doi: 10.1186/
s12986-021-00586-9.

10.	 Jaripur M, Ghasemi-Tehrani H, Askari G, et al. The effects of magnesium 
supplementation on abnormal uterine bleeding, alopecia, quality of 
life, and acne in women with polycystic ovary syndrome: a randomized 
clinical trial. Reprod Biol Endocrinol. 2022; 20(1): 110, doi: 10.1186/
s12958-022-00982-7, indexed in Pubmed: 35918728.

11.	 Alizadeh M, Karandish M, Asghari Jafarabadi M, et al. Effects of melatonin 
and/or magnesium supplementation on biomarkers of inflamma-
tion and oxidative stress in women with polycystic ovary syndrome:  
a randomized, double-blind, placebo-controlled trial. Biol Trace Elem 
Res. 2022; 200(3): 1010–1019, doi: 10.1007/s12011-021-02725-y, indexed 
in Pubmed: 34009514.

12.	 Gholizadeh-Moghaddam M, Ghasemi-Tehrani H, Askari G, et al. Effect 
of magnesium supplementation in improving hyperandrogenism, 
hirsutism, and sleep quality in women with polycystic ovary syndrome:  
a randomized, placebo-controlled clinical trial. Health Sci Rep. 2023; 
6(1): e1013, doi: 10.1002/hsr2.1013, indexed in Pubmed: 36620514.

13.	 Pal L, Berry A, Coraluzzi L, et al. Therapeutic implications of vitamin D and 
calcium in overweight women with polycystic ovary syndrome. Gynecol 
Endocrinol. 2012; 28(12): 965–968, doi: 10.3109/09513590.2012.696753, 
indexed in Pubmed: 22780885.

14.	 Firouzabadi Rd, Aflatoonian A, Modarresi S, et al. Therapeutic effects of 
calcium & vitamin D supplementation in women with PCOS. Comple-
ment Ther Clin Pract. 2012; 18(2): 85–88, doi: 10.1016/j.ctcp.2012.01.005, 
indexed in Pubmed: 22500844.

15.	 Tehrani HG, Mostajeran F, Shahsavari S. The effect of calcium and vitamin D  
supplementation on menstrual cycle, body mass index and hyperandro-
genism state of women with poly cystic ovarian syndrome. J Res Med 
Sci. 2014; 19(9): 875–880, indexed in Pubmed: 25535503.

http://dx.doi.org/10.3390/nu13072214
https://www.ncbi.nlm.nih.gov/pubmed/34203167
http://dx.doi.org/10.3390/nu13072452
https://www.ncbi.nlm.nih.gov/pubmed/34371961
http://dx.doi.org/10.1055/a-0749-6431
https://www.ncbi.nlm.nih.gov/pubmed/30286483
https://www.ncbi.nlm.nih.gov/pubmed/29137465
http://dx.doi.org/10.1007/s12011-019-01923-z
http://dx.doi.org/10.1007/s12011-019-01923-z
https://www.ncbi.nlm.nih.gov/pubmed/31960275
http://dx.doi.org/10.1007/s12011-017-1198-5
https://www.ncbi.nlm.nih.gov/pubmed/29127547
http://dx.doi.org/10.3109/09513590.2013.769515
https://www.ncbi.nlm.nih.gov/pubmed/23461841
http://dx.doi.org/10.1007/s12011-018-1602-9
https://www.ncbi.nlm.nih.gov/pubmed/30565017
http://dx.doi.org/10.1186/s12986-021-00586-9
http://dx.doi.org/10.1186/s12986-021-00586-9
http://dx.doi.org/10.1186/s12958-022-00982-7
http://dx.doi.org/10.1186/s12958-022-00982-7
https://www.ncbi.nlm.nih.gov/pubmed/35918728
http://dx.doi.org/10.1007/s12011-021-02725-y
https://www.ncbi.nlm.nih.gov/pubmed/34009514
http://dx.doi.org/10.1002/hsr2.1013
https://www.ncbi.nlm.nih.gov/pubmed/36620514
http://dx.doi.org/10.3109/09513590.2012.696753
https://www.ncbi.nlm.nih.gov/pubmed/22780885
http://dx.doi.org/10.1016/j.ctcp.2012.01.005
https://www.ncbi.nlm.nih.gov/pubmed/22500844
https://www.ncbi.nlm.nih.gov/pubmed/25535503


151

Kamila Pokorska-Niewiada et al., How important are elements in PCOS? Should they be supplemented?

www. journals.viamedica.pl/ginekologia_polska

16.	 Foroozanfard F, Jamilian M, Bahmani F, et al. Calcium plus vitamin D 
supplementation influences biomarkers of inflammation and oxidative 
stress in overweight and vitamin D-deficient women with polycystic 
ovary syndrome: a randomized double-blind placebo-controlled clinical 
trial. Clin Endocrinol (Oxf). 2015; 83(6): 888–894, doi: 10.1111/cen.12840, 
indexed in Pubmed: 26119844.

17.	 Razavi M, Jamilian M, Karamali M, et al. The effects of vitamin D-K-
calcium co-supplementation on endocrine, inflammation, and oxidative 
stress biomarkers in vitamin D-deficient women with polycystic ovary 
syndrome: a randomized, double-blind, placebo-controlled trial. Horm 
Metab Res. 2016; 48(7): 446–451, doi: 10.1055/s-0042-104060, indexed 
in Pubmed: 27050252.

18.	 Asemi Z, Foroozanfard F, Hashemi T, et al. Calcium plus vitamin D sup-
plementation affects glucose metabolism and lipid concentrations 
in overweight and obese vitamin D deficient women with polycystic 
ovary syndrome. Clin Nutr. 2015; 34(4): 586–592, doi: 10.1016/j.
clnu.2014.09.015, indexed in Pubmed: 25300649.

19.	 Foroozanfard F, Jamilian M, Jafari Z, et al. Effects of zinc supplementation 
on markers of insulin resistance and lipid profiles in women with poly-
cystic ovary syndrome: a randomized, double-blind, placebo-controlled 
trial. Exp Clin Endocrinol Diabetes. 2015; 123(4): 215–220, doi: 10.1055/s-
0035-1548790, indexed in Pubmed: 25868059.

20.	 Jamilian M, Foroozanfard F, Bahmani F, et al. Effects of zinc supplementa-
tion on endocrine outcomes in women with polycystic ovary syndrome: 
a randomized, double-blind, placebo-controlled trial. Biol Trace Elem 
Res. 2016; 170(2): 271–278, doi: 10.1007/s12011-015-0480-7, indexed 
in Pubmed: 26315303.

21.	 Pourteymour Fa, Tabrizi F, Alipoor B, et al. Effect of zinc supplementation 
on inflammatory markers in women with polycystic ovary syndrome. 
Shiraz E-Med J. 2011; 12(1): 30–38.

22.	 Mohammad Hosseinzadeh F, Hosseinzadeh-Attar MJ, Yekaninejad MS, 
et al. Effects of selenium supplementation on glucose homeostasis and 
free androgen index in women with polycystic ovary syndrome: A ran-
domized, double blinded, placebo controlled clinical trial. J Trace Elem 
Med Biol. 2016; 34: 56–61, doi: 10.1016/j.jtemb.2016.01.002, indexed 
in Pubmed: 26854246.

23.	 Jamilian M, Razavi M, Fakhrie Kashan Z, et al. Metabolic response to 
selenium supplementation in women with polycystic ovary syndrome: 
a randomized, double-blind, placebo-controlled trial. Clin Endocrinol 
(Oxf ). 2015; 82(6): 885–891, doi: 10.1111/cen.12699, indexed in Pub-
med: 25510442.

24.	 Razavi M, Jamilian M, Kashan ZF, et al. Selenium supplementation and the  
effects on reproductive outcomes, biomarkers of inflammation, and 
oxidative stress in women with polycystic ovary syndrome. 2016; 48(3): 
185–190, doi: 10.1055/s-0035-1559604, indexed in Pubmed: 26267328.

25.	 Rashidi BH, Mohammad Hosseinzadeh F, Alipoor E, et al. Effects of 
selenium supplementation on asymmetric dimethylarginine and cardio-
metabolic risk factors in patients with polycystic ovary syndrome. Biol 
Trace Elem Res. 2020; 196(2): 430–437, doi: 10.1007/s12011-019-01954-6, 
indexed in Pubmed: 31667685.

26.	 Jamilian M, Mansury S, Bahmani F, et al. The effects of probiotic and 
selenium co-supplementation on parameters of mental health, hor-
monal profiles, and biomarkers of inflammation and oxidative stress 
in women with polycystic ovary syndrome. J Ovarian Res. 2018; 11(1): 
80, doi: 10.1186/s13048-018-0457-1, indexed in Pubmed: 30217229.

27.	 Zadeh Modarres S, Asemi Z, Heidar Z. The effects of selenium sup-
plementation on glycemic control, serum lipoproteins and biomarkers 
of oxidative stress in infertile women diagnosed with polycystic ovary 
syndrome undergoing in vitro fertilization: A randomized, double-blind, 
placebo-controlled trial. Clin Nutr ESPEN. 2022; 51: 92–96, doi: 10.1016/j.
clnesp.2022.07.017, indexed in Pubmed: 36184253.

28.	 Jamilian M, Zadeh Modarres S, Amiri Siavashani M, et al. The influences 
of chromium supplementation on glycemic control, markers of cardio-
metabolic risk, and oxidative stress in infertile polycystic ovary syndrome 
women candidate for in vitro fertilization: a randomized, double-blind, 
placebo-controlled trial. Biol Trace Elem Res. 2018; 185(1): 48–55, doi: 
10.1007/s12011-017-1236-3, indexed in Pubmed: 29307112.

29.	 Lucidi RS, Thyer AC, Easton CA, et al. Effect of chromium supplementa-
tion on insulin resistance and ovarian and menstrual cyclicity in women 
with polycystic ovary syndrome. Fertil Steril. 2005; 84(6): 1755–1757, 
doi: 10.1016/j.fertnstert.2005.06.028, indexed in Pubmed: 16359984.

30.	 Jamilian M, Asemi Z. Chromium supplementation and the effects on 
metabolic status in women with polycystic ovary syndrome: a rand-
omized, double-blind, placebo-controlled trial. Ann Nutr Metab. 2015; 
67(1): 42–48, doi: 10.1159/000438465, indexed in Pubmed: 26279073.

31.	 Jamilian M, Bahmani F, Siavashani MA, et al. The effects of chromium 
supplementation on endocrine profiles, biomarkers of inflammation, and 
oxidative stress in women with polycystic ovary syndrome: a randomized, 
double-blind, placebo-controlled trial. Biol Trace Elem Res. 2016; 172(1): 
72–78, doi: 10.1007/s12011-015-0570-6, indexed in Pubmed: 26613790.

32.	 Jamilian M, Foroozanfard F, Kavossian E, et al. Carnitine and chromium 
co-supplementation affects mental health, hormonal, inflammatory, 
genetic, and oxidative stress parameters in women with polycystic ovary 
syndrome. J Psychosom Obstet Gynaecol. 2019 [Epub ahead of print]: 1–9, 
doi: 10.1080/0167482X.2018.1557144, indexed in Pubmed: 30835597.

33.	 Ashoush S, Abou-Gamrah A, Bayoumy H, et al. Chromium picolinate 
reduces insulin resistance in polycystic ovary syndrome: Randomized 
controlled trial. J Obstet Gynaecol Res. 2016; 42(3): 279–285, doi: 
10.1111/jog.12907, indexed in Pubmed: 26663540.

34.	 Amiri Siavashani M, Zadeh Modarres S, Mirhosseini N, et al. The effects 
of chromium supplementation on gene expression of insulin, lipid, 
and inflammatory markers in infertile women with polycystic ovary 
syndrome candidate for fertilization: a randomized, double-blinded, 
placebo-controlled trial. Front Endocrinol (Lausanne). 2018; 9: 726, doi: 
10.3389/fendo.2018.00726, indexed in Pubmed: 30546347.

35.	 Szczuko M, Pokorska-Niewiada K, Kwiatkowska L, et al. Level of potas-
sium is associated with saturated fatty acids in cell membranes and 
influences the activation of the 9 and 13 HODE and 5 HETE synthesis 
pathways in PCOS. Biomedicines. 2022; 10(9), doi: 10.3390/biomedi-
cines10092244, indexed in Pubmed: 36140345.

http://dx.doi.org/10.1111/cen.12840
https://www.ncbi.nlm.nih.gov/pubmed/26119844
http://dx.doi.org/10.1055/s-0042-104060
https://www.ncbi.nlm.nih.gov/pubmed/27050252
http://dx.doi.org/10.1016/j.clnu.2014.09.015
http://dx.doi.org/10.1016/j.clnu.2014.09.015
https://www.ncbi.nlm.nih.gov/pubmed/25300649
http://dx.doi.org/10.1055/s-0035-1548790
http://dx.doi.org/10.1055/s-0035-1548790
https://www.ncbi.nlm.nih.gov/pubmed/25868059
http://dx.doi.org/10.1007/s12011-015-0480-7
https://www.ncbi.nlm.nih.gov/pubmed/26315303
http://dx.doi.org/10.1016/j.jtemb.2016.01.002
https://www.ncbi.nlm.nih.gov/pubmed/26854246
http://dx.doi.org/10.1111/cen.12699
https://www.ncbi.nlm.nih.gov/pubmed/25510442
http://dx.doi.org/10.1055/s-0035-1559604
https://www.ncbi.nlm.nih.gov/pubmed/26267328
http://dx.doi.org/10.1007/s12011-019-01954-6
https://www.ncbi.nlm.nih.gov/pubmed/31667685
http://dx.doi.org/10.1186/s13048-018-0457-1
https://www.ncbi.nlm.nih.gov/pubmed/30217229
http://dx.doi.org/10.1016/j.clnesp.2022.07.017
http://dx.doi.org/10.1016/j.clnesp.2022.07.017
https://www.ncbi.nlm.nih.gov/pubmed/36184253
http://dx.doi.org/10.1007/s12011-017-1236-3
https://www.ncbi.nlm.nih.gov/pubmed/29307112
http://dx.doi.org/10.1016/j.fertnstert.2005.06.028
https://www.ncbi.nlm.nih.gov/pubmed/16359984
http://dx.doi.org/10.1159/000438465
https://www.ncbi.nlm.nih.gov/pubmed/26279073
http://dx.doi.org/10.1007/s12011-015-0570-6
https://www.ncbi.nlm.nih.gov/pubmed/26613790
http://dx.doi.org/10.1080/0167482X.2018.1557144
https://www.ncbi.nlm.nih.gov/pubmed/30835597
http://dx.doi.org/10.1111/jog.12907
https://www.ncbi.nlm.nih.gov/pubmed/26663540
http://dx.doi.org/10.3389/fendo.2018.00726
https://www.ncbi.nlm.nih.gov/pubmed/30546347
http://dx.doi.org/10.3390/biomedicines10092244
http://dx.doi.org/10.3390/biomedicines10092244
https://www.ncbi.nlm.nih.gov/pubmed/36140345

