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Abstract 

Background:  Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders among women of 
reproductive age. This study was designed to investigate the effects of melatonin and/or magnesium supplementa-
tion on metabolic profile and levels of sex hormones in PCOS women.

Methods:  In an 8-week randomized double-blind placebo-controlled trial, 84 subjects with PCOS aged 18–40 years 
were randomly assigned based on the random block procedure to take magnesium, melatonin, magnesium plus 
melatonin, and placebo. Fasting blood samples were obtained at the beginning and end of the study.

Results:  After intervention, the mean Pittsburg Sleep Quality Index score decreased significantly in both co-supple-
mentation and melatonin groups (P < 0.001). Magnesium supplementation in combination with melatonin resulted 
in a significant greater decrease in testosterone concentrations compared with the placebo (P < 0.05). Co-supple-
mentation of magnesium-melatonin had significantly reduced serum insulin levels (geometric means difference: 
− 1.11 (mIU/mL) (percent change: − 15.99)), homeostasis model of assessment-insulin resistance (HOMA-IR) (− 0.28 
(− 18.66)), serum cholesterol (mean difference: − 16.08 (mg/dl) [95% CI − 24.24, − 7.92]), low-density lipoprotein 
cholesterol (LDL-C) − 18.96 (mg/dl) [− 28.73, − 9.20]) and testosterone levels (− 0.09 (ng/ml) (− 25.00)), as compared 
to the baseline values (P < 0.05). An increase in serum high-density lipoprotein cholesterol (HDL-C) levels was also 
observed following the administration of the melatonin alone (2.76 (mg/dl) [0.57, 4.95]) or in combination with mag-
nesium (2.19 (mg/dl) [0.61, 3.77]) (P < 0.05).

Conclusions:  Co-supplementation with magnesium and melatonin had beneficial effects on sleep quality and total 
testosterone. Additionally, melatonin supplementation alone was found to be associated with a significant reduction 
in PSQI score. Moreover, combined melatonin and magnesium supplementation was more effective in improving 
serum levels of cholesterol, LDL-C, HDL-C and insulin, and HOMA-IR.

Trial registration: Iranian Registry of Clinical Trial. http://​www.​irct.​ir: IRCT20191130045556N1, January 2020.
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Background
Polycystic ovary syndrome (PCOS) is one of the most 
common endocrine disorders affecting about 7% to 10% 
of women of reproductive age and is a leading cause 
of infertility [1, 2]. The clinical expression of the syn-
drome is characterized by the manifestation of oligo/
anovulation, clinical or biochemical hyperandrogenism 
and/or polycystic ovaries [3]. PCOS is a heterogeneous 
gynecological syndrome, associated with a wide range 
of endocrine and metabolic abnormalities, including 
hyperinsulinemia, hyperglycemia, glucose intolerance, 
dyslipidemia, and obesity, which are regarded as the 
components of metabolic syndrome (MetS) [4]. Insu-
lin resistance (IR) with compensatory hyperinsulinemia 
plays a major role in the development of PCOS. Insu-
lin excess stimulates androgen synthesis in the ovary 
and the adrenals [5–7]; besides, it can inhibit sex hor-
mone-binding globulin (SHBG) synthesis in the liver 
[5] and increase the levels of free testosterone (T) [8, 
9]. On the other hand, Adipokines such as leptin, as a 
product of the obesity gene, plays a crucial role in body 
weight homeostasis through possible neuroendocrine 
pathways [10–12] and has an impact on gonadal func-
tion and reproduction [13, 14]. It may contribute to 
the development of type 2 diabetes mellitus, and IR; 
therefore, leptin may be involved in the pathogenesis of 
PCOS [15]. Lifestyle modifications are first-line treat-
ment for PCOS, and small lifestyle changes (diet, exer-
cise, and behavior) can improve metabolic dysfunction, 
ovulation, fertility, and mood [16, 17]. Nutritional sup-
plements had received a great deal of attention in the 
management of PCOS [18].

Melatonin is the main hormone that is mainly 
secreted by the pineal gland to regulate circadian 
rhythms, reproduction, and the sleep cycle [19, 20]. 
High levels of melatonin in the follicular fluid are 
essential for folliculogenesis, ovulation, and oocyte 
quality, whereas reduced follicular melatonin concen-
trations may be responsible for anovulation and poor 
oocyte quality in PCOS [21]. It had been suggested that 
melatonin has an antigonadal effect through the direct 
reduction of testosterone production [22]. Also, benefi-
cial effects of melatonin on the components of MetS, 
including hyperglycemia, dyslipidemia, and insulin 
resistance, have been shown in both animal and human 
studies [23, 24]. In a randomized controlled trial, Mela-
tonin administration for 12  weeks in PCOS patients 
had beneficial effects on mental health parameters, 
insulin levels, homeostasis model of assessment-insulin 

resistance (HOMA-IR), the quantitative insulin sen-
sitivity check index (QUICKI), total- and low-density 
lipoprotein cholesterol (LDL-C) levels [25].

On the other hand, the function of minerals, includ-
ing magnesium (Mg), in the pathogenesis of PCOS due 
to its contribution to insulin sensitivity has been exam-
ined [26]. It has been shown that hypomagnesemia 
increase PCOS risk by up to 19 times [27]. There is evi-
dence that Mg increases insulin sensitivity through its 
influence on tyrosine-kinase activity, and its deficiency 
is associated with IR [26]. Beneficial effects on param-
eters of insulin metabolism and serum triglycerides, 
and total cholesterol in PCOS women have been shown 
in 12-week magnesium and vitamin E co-supplementa-
tion [28]. Also, an 8-week Magnesium supplementation 
resulted in reduced body mass index (BMI) and tes-
tosterone levels as well as increased serum dehydroe-
piandrosterone (DHEA) and luteinizing hormone (LH) 
levels in women with PCOS, but it did not affect serum 
lipid profiles and glycemic indicators, follicle-stimu-
lating hormone, 17OH progesterone, SHBG, and free 
androgen index (FAI) levels [29]. Despite the relation-
ships between Mg levels and PCOS status, few stud-
ies have evaluated magnesium supplementation in the 
management of PCOS.

We hypothesized that melatonin and magnesium co-
supplementation might help improve metabolic profiles 
and clinical symptoms of PCOS and may work bet-
ter than a single supplementation alone. The present 
study was carried out to investigate the effect of mela-
tonin and magnesium supplementation, separately and 
together, on metabolic profiles and levels of sex hor-
mones in women with PCOS.

Methods
Trial design
This randomized double-blind placebo-controlled 
clinical trial was performed in Alzahra and 29 Bah-
man hospitals of Tabriz, Iran, from April 2020 through 
December 2020. The protocol of this study was 
approved by the Medical Ethics Committee of Ahvaz 
Jundishapur University of Medical Sciences which is in 
accordance with the Declaration of Helsinki (approval 
number IR.AJUMS.REC.1398.637). Also, this trial has 
been registered in the Iranian Registry of Clinical Trials 
(IRCT) with the number of IRCT20191130045556N1. 
Additionally, written informed consent was obtained 
from all participants.
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Participants
Diagnosis of PCOS was performed according to the 
Rotterdam criteria [30]. The participants were females 
with age ranges between 18 and 40 and body mass 
index (BMI) ≤ 35. The exclusion criteria were as fol-
lows: pregnancy, lactation, smoking, alcohol consump-
tion, endocrine disorders, in particular any type of 
adrenal diseases, diabetes, hyperprolactinemia, receiv-
ing drugs affecting plasma androgen levels, lipid pro-
file, or inflammatory factors during the last 3  months, 
weight loss of more than 5% in the last six months, sup-
plementation with melatonin, magnesium, antioxidant 
and/or anti-inflammatory agents within the last three 
months and those with sleeping disorders and night 
shift working.

Interventions
Participants were randomly assigned into four groups. 
Subjects in four groups were receiving: two melatonin 
tablets (each, 3  mg) plus a 250  mg magnesium oxide 
tablet (group one); two melatonin tablets (each, 3 mg) 
plus a magnesium placebo (group two); a 250 mg mag-
nesium oxide tablet plus two melatonin placebos (group 
three), and two melatonin placebos plus a magnesium 
placebo (group four) for eight consecutive weeks. Mela-
tonin and magnesium supplements were manufactured 
by Nature Made Pharmaceutical Company (California, 
USA) and Jalinous Pharmaceutical Company (Tehran, 
Iran), respectively. Placebos were provided by Phar-
macy faculty, Tabriz University of Medical Science, 
Tabriz, Iran. The appearance of placebos, including 
color, shape, size, and packaging, was identical to that 
of melatonin and magnesium supplements. The par-
ticipants were asked to take their melatonin tablets 
at night before sleeping and magnesium tablets in the 
evening for eight consecutive weeks.

At the onset of the study, the patients were asked to 
maintain their usual dietary pattern and physical activ-
ity level during the study. Additionally, patients were 
requested not to receive any antioxidant and/or anti-
inflammatory, and other medications that could affect 
their reproductive physiology during the intervention. 
Compliance with the intake of supplements or placebos 
was checked by asking participants to bring the medica-
tion containers. Further, all participants were contacted 
two times per week by a dietitian. The participants were 
allowed to discontinue the trial if they were unwilling 
to complete the trial or if they experienced any adverse 
effects during the intervention. Consuming more than 
90% of the supplements was considered compliant.

Dietary intakes and physical activity assessment
Dietary intakes were estimated from three 24 h dietary 
recalls (one weekend day and two weekdays). To obtain 
nutrient intakes of participants based on these three 
dietary recalls, we used Nutritionist IV software (First 
Databank, San Bruno, CA). Physical activity levels were 
determined by the short form of the International Phys-
ical Activity Questionnaire Short Form (IPAQ-S) at 
baseline and after eight weeks of intervention. Further, 
total physical activity is expressed as metabolic equiva-
lents (METs) minutes/week [31].

Sleep quality assessment
Sleep quality was determined using the validated Iranian 
version of the Pittsburg Sleep Quality Index (PSQI) [32].

Assessment of anthropometric variables
At baseline and end-of-trial, all subjects underwent 
standard anthropometric measurements: height was 
measured using a non-stretched tape measure (Seca, 
Hamburg, Germany) to the nearest 0.1 cm. Body weight 
was measured in a minimal clothing state and no shoes 
using a digital scale (Seca, Hamburg, Germany) to the 
nearest 0.1 kg. BMI was calculated as weight in kg divided 
by height in meters squared. Waist circumference (WC) 
(the widest area between the lower rib and the superior 
iliac crest) was also measured to the nearest 0.1 cm.

Laboratory analysis
Blood samples were collected after 12  h overnight fast-
ing before and after the intervention, and serum was 
obtained by centrifugation at 3000 RPM for 10 min; the 
serum samples were frozen and stored at − 80  °C until 
biochemical analyses. Fasting blood sugar (FBS), TG, 
total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C), and magnesium were measured using a 
colorimetric method (Parsazmoun, Tehran, Iran). The 
concentration of LDL-C was calculated using the Friede-
wald formula [33].

Serum insulin levels were measured by an enzyme-
linked immune sorbent assay (ELISA) method using a 
laboratory kit (Monobind, USA). Serum testosterone 
and SHBG levels were measured by ELISA kit (DiaMe-
tra, Italy). Free androgen index (FAI) was calculated as 
total testosterone divided by SHBG according to Azziz 
et al. Equation [34]. Serum leptin values were also meas-
ured using an ELISA kit (LDN, Nordhorn, Germany). 
The HOMA-IR and homeostatic model assessment β cell 
function (HOMA-B) were determined according to the 
suggested formulas [35].
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Sample size
The sample size for the present study was calculated 
by PASS 15 (version 15, PASS; NCSS, LLC, US) [36]. 
To determine the sample size, regression coefficient, 
and the confidence interval of the relationship between 
melatonin supplementation and serum insulin levels 
(reported by Shabani et  al. [25]) were used (β: − 1.20 
mIU/ml; 95% CI − 2.14, − 0.26). Considering a 95% 
confidence, a power of 95%, a two-tailed test, 1.2 unit 
change in slope, and a SD = 3 for insulin, the sample 
size was estimated to be 71 in total (18 per group). To 
consider the probable dropouts, 22 patients in the co-
supplementation group, 21 patients in each melatonin 
and magnesium group and 20 patients in the placebo 
group were enrolled.

Randomization
The patients were randomly assigned to intervention and 
placebo groups based on the random block procedure; for 
this, a third independent investigator who was not aware 
of the study clinical process created the randomization 
list assigning patients to the melatonin and magnesium 
co-supplementation, melatonin, magnesium, and pla-
cebo group. The random sequence was generated using 
random allocation software. Melatonin, magnesium, and 
placebo tablets were in the same form of a package. The 
study leader labeled these containers with patient num-
bers using the randomization list. All investigators and 
patients were blinded to the random assignments.

Statistical analysis
The analyses were done based on an intention-to-treat 
approach. For doing this, missing values were treated 
based on the linear interpolation method. The distri-
bution of data was examined using the Kolmogorov–
Smirnov test. Numeric and categorical variables were 
presented as mean ± SD or geometric mean (min, max) 
where appropriate and frequency (percentage), respec-
tively. For non-normally distributed variables, a log trans-
formation was conducted before the analysis. Percent 
change of variables was calculated using the following 
equation: ((after–before)/before) × 100. A 1-way ANOVA 
test and a χ2 test were used to compare the four groups 
for baseline measures of the quantitative and qualitative 
data, respectively. Comparison of the four groups at the 
end of the study was completed using analysis of covari-
ance followed by Sidak’s test after adjusting for baseline 
values and energy intake. The comparison of mean val-
ues was done within groups after the intervention using 
paired sample t-tests. Statistical analysis was performed 
using IBM SPSS Statistics (Version 22.0; IBM SPSS 

Statistics Inc. Armonk, USA). P < 0.05 was considered as 
statistically significant.

Results
In the current study, out of 84 participants who were 
selected for the intervention, seven subjects were 
excluded due to personal reasons [magnesium and mel-
atonin co-supplementation (n = 2), melatonin (n = 3), 
placebo (n = 1), and magnesium (n = 1)]. Among par-
ticipants in the magnesium plus melatonin supplements 
group, another woman did not complete the trial because 
of pregnancy. Finally, as the analyses were carried out 
according to the intention-to-treat approach, all 84 
patients were included in the end analysis (Fig. 1). During 
the intervention, no adverse events or symptoms were 
reported by the patients.

There were no significant differences in terms of 
age, physical activity, family history of PCOS, irregu-
lar menstrual cycles, and height between different 
groups (Table  1). However, after eight weeks interven-
tion, weight, BMI, and WC decreased significantly in the 
magnesium-melatonin co-supplementation (P < 0.05). 
Additionally, in comparison to baseline values, a signifi-
cant reduction in WC was observed in the magnesium or 
melatonin supplementation alone (P < 0.05).

As summarized in Fig.  2, there was a significant 
increase in serum magnesium levels in magnesium or 
combined magnesium plus melatonin groups (P < 0.05), 
and a greater increase was found among those who took 
magnesium compared with the other groups (P = 0.022).

Based on Table 2, there were no significant differences 
in the dietary intakes between the four groups before the 
intervention (P > 0.05).

After two months of supplementation, the mean PSQI 
score decreased significantly (indicating sleep improve-
ment) in both the magnesium-melatonin co-supple-
mentation and melatonin groups (P < 0.001). When we 
controlled the analysis for baseline values and energy 
intake, patients who consumed melatonin alone or in 
combination with magnesium had a greater improve-
ment in sleep quality than other categories (P < 0.001). 
The effects of magnesium, melatonin, and combined 
magnesium plus melatonin supplementation on the 
metabolic and hormonal parameters are presented in 
Table  3. Women who received magnesium- melatonin 
had significantly reduced glucose homeostasis param-
eters (insulin and HOMA-IR), serum cholesterol, LDL-
C, and testosterone levels, as compared to the baseline 
values (P < 0.05). Although melatonin administration for 
eight weeks to women with PCOS decreased circulat-
ing levels of testosterone (P < 0.05), those who received 
the combination of magnesium plus melatonin experi-
enced a greater decrease in testosterone concentrations 
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compared with the placebo (P < 0.05). An increase in 
serum high-density lipoprotein cholesterol (HDL-C) 
levels was also observed following the administration of 
the melatonin alone or in combination with magnesium 
(P < 0.05). As well, within-group differences revealed a 
significant increase in FAI and circulating level of insulin 
in the placebo group (P < 0.05) (Table 3).

Discussion
The present four-arm, parallel, double-blind randomized 
controlled trial was designed to evaluate the independent 
and additive effects of magnesium and melatonin on met-
abolic profiles and levels of sex hormones in women with 
PCOS. We found that combination therapy with magne-
sium and melatonin in patients with PCOS had beneficial 
effects on sleep quality and total testosterone. Addition-
ally, melatonin supplementation alone was found to be 
associated with a significant reduction in PSQI score in 
PCOS subjects.

PCOS is one of the most common metabolic disorder 
which is characterized by hyperinsulinemic- and hyper-
androgenic-related disorders [37]. Since insulin resist-
ance is an important etiological feature of PCOS, affected 
women are at higher risk of developing type 2 diabetes 

and related metabolic complications [38]. On the other 
hand, it has been reported that sleep disturbances are 
common in PCOS, and some form of them, like obstruc-
tive sleep apnoea, in turn, exacerbates insulin resistance 
[39]. In accordance with our results, there were studies 
that have shown treatment with exogenous melatonin 
had favorable effects on sleep quality, which was assessed 
by the PSQI, especially in the adults with metabolic dis-
orders [40]. As melatonin is known to be an effective 
regulator of circadian rhythm and promotes sleep [41], 
beneficial effects on sleep quality are not surprising. In 
several studies, it has been demonstrated that urinary 
excretion of 6-sulfatoxymelatonin, the main excretory 
metabolite of melatonin, along with the melatonin lev-
els in blood and saliva was higher in patients with PCOS 
than women with normal fertility and the levels of these 
molecules (urinary 6-sulfatoxymelatonin and serum 
melatonin) were significantly correlated with the sever-
ity of sleep disturbances [42]. Although the causal role of 
melatonin in the pathogenesis of PCOS and sleep disor-
ders is still unclear, the production of higher amounts of 
melatonin in women with PCOS may be in an effort of 
eliminating extra free radicals as PCOS patient’s high oxi-
dative stress [43].

Fig. 1  Summary of the patient flow diagram
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One of the main findings of the present study was the 
beneficial effects of melatonin (alone or in combination) 
on testosterone. In line with our finding, Jamilian and 
colleagues indicated that melatonin administration for 
three months to PCOS women significantly reduced total 
testosterone [44]. In another study, long-term (6 months) 
melatonin administration to women with PCOS had ben-
eficial effects on menstrual irregularities and biochemi-
cal hyperandrogenism [45]. Prior studies have indicated 
hyperandrogenism is closely correlated with chronic 
inflammation and oxidative stress [46]. There is prom-
ising evidence that shows melatonin is a powerful free 
radical scavenger and effective endogenous antioxidant 
which exerts protective effects, particularly in female 
reproductive organs [47]. Additionally, the anti-inflam-
matory activity of magnesium and also its effects on 
improved insulin sensitivity have been previously shown 
[48, 49]. Although our study failed to find any significant 
effect of magnesium supplementation on glycemic indi-
ces (FBS, insulin, and HOMA-IR), taking magnesium 
plus melatonin supplements had protective effects on 
insulin and HOMA-IR in women with PCOS. This result 
agrees with some previous studies in which melatonin 

Table 1  General characteristics of study participants

Mg magnesium, BMI body mass index, WC waist circumference, PA physical activity

P values based on One-Way ANOVA for continuous variables and χ2 for categorical variables

P* values based on paired-samples t test
a Values are Means ± SD
b Values are Geometric Means (Min, Max)
c Values are expressed as frequency (%)

Variables The study groups P

Placebo (n = 20) Melatonin + Mg (n = 22) Melatonin (n = 21) Mg (n = 21)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age (y)a 26.200 ± 5.72 28.22 ± 6.38 25.57 ± 4.99 25.57 ± 4.88 0.346

Family history of PCOSc 4 (20.00) 6 (27.30) 6 (28.60) 3 (14.30) 0.657

Irregular menstrual cyclesc 20 (95.00) 22 (100.00) 20 (95.20) 19 (90.50) 0.541

Weight (kg)a

 Before 69.600 ± 11.39 76.61 ± 10.89 72.65 ± 11.21 71.23 ± 8.55 0.172

 After 69.65 ± 11.26 76.02 ± 10.86 72.04 ± 11.28 70.61 ± 9.05 0.226

 P* 0.888 0.018 0.061 0.127

 Height (cm)a 160.60 ± 6.46 160.63 ± 4.94 159.76 ± 5.19 159.57 ± 6.77 0.905

BMI (kg/m2)a

 Before 26.94 ± 3.83 29.64 ± 3.71 28.40 ± 3.86 27.99 ± 3.22 0.128

 After 26.95 ± 3.72 29.41 ± 3.70 28.16 ± 3.83 27.74 ± 3.30 0.179

 P* 0.928 0.016 0.058 0.122

WC (cm)a

 Before 86.75 ± 7.23 92.00 ± 9.01 89.23 ± 8.37 86.14 ± 6.72 0.071

 After 86.85 ± 7.37 91.09 ± 8.68 88.61 ± 8.25 85.04 ± 6.49 0.077

 P* 0.755 0.008 0.039 0.017

 PAb 120.39 (49.50, 693.00) 153.10 (49.50, 925.00) 152.47 (49.50, 808.5) 135.12 (49.50, 694.00) 0.874

Fig. 2  Serum magnesium levels of study participants throughout the 
study. P* value based on paired-samples t test. P** values based on 
Analysis of Covariance (ANCOVA) after adjustment of baseline values. 
Mg magnesium
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administration significantly improved glucose homeo-
stasis and insulin resistance in women with PCOS [25]. 
It seems that melatonin through melatonin receptors 1 
and 2, suppresses hepatic gluconeogenesis and improves 
glucose uptake by peripheral tissues [50, 51]. In other 
words, melatonin administration exerts antihyperglyce-
mic effects and improves glucose hemostasis [52].

Another key finding of the present study is that com-
bined magnesium and melatonin supplementation was 
more effective in improving metabolic parameters, 
including cholesterol, LDL-C, and HDL-C. Moreover, 
supplementation with melatonin alone significantly 
increased serum HDL-C levels in PCOS women. These 
findings are consistent with growing evidence from both 
animal and human studies [23, 25]. For instance, Shabani 
and colleagues have shown that melatonin supplementa-
tion to patients with PCOS significantly decreased serum 
LDL-cholesterol levels [25]. Another study designed by 
Raygan et  al. demonstrated that supplementation with 
melatonin (10  mg/day) for 12  weeks to diabetic people 
with coronary artery disease had beneficial effects on 
HDL-C concentrations, glycemic control, and insulin 
sensitivity [24]. Similarly, the results of a meta-analysis 
study showed noticeable effects of melatonin intake on 
the serum triglycerides and total cholesterol levels while 
did not influence HDL-C and LDL-C concentrations [53]. 
These inconsistencies in results of these studies may be 
due to differences in dosage of melatonin intake, type 
of diseases, duration and design of the intervention, or 
ethnic background of the participants. Melatonin may 
exert protective impacts on lipid profile by increasing 
lecithin-cholesterol acyltransferase activity [54]. The syn-
ergistic influence of co-administration of melatonin and 
magnesium in this study is also supported by some tri-
als that indicated magnesium supplementation might 
help improve metabolic profiles in women with PCOS 

[28]. In this regard, magnesium and vitamin E co-sup-
plementation for 12 weeks to individuals with PCOS led 
to a significant reduction in serum triglycerides, VLDL, 
and total cholesterol [28]. Magnesium seems to improve 
lipid concentrations through enhanced lipoprotein lipase 
activity [55] and increased excretion of fecal fat [56]. 
Despite the fact that we failed to find any significant 
effect of melatonin and/or magnesium on serum levels of 
leptin, animal studies have previously shown that mela-
tonin administration could attenuate the development of 
hyperinsulinemia [57]. In fact, melatonin appears to reg-
ulate leptin synthesis, and lack of melatonin or knocking 
out the melatonin receptors can lead to leptin resistance 
[58].

One of the major concerns in PCOS patients is infertil-
ity which results mainly from follicular atresia, anovula-
tion, and hyperandrogenemia [59, 60]. Thus, with regard 
to beneficial effects of both melatonin and magnesium on 
menstrual cycle improvement, administration of the two 
compounds, as therapeutic agents, to manage infertile 
patients in whom infertility occurs due to poor oocyte 
quality and anovualtion may create a new ray of hope for 
infertile patients [59–61]. However, the exact effect of 
long term melatonin and magnesium therapy on men-
strual cyclicity and subsequently on the management of 
infertility needs to be evaluated in large scale prospective 
randomized studies.

It is worth noting that this is the first study, to our best 
knowledge, that has evaluated additive effects of mela-
tonin and magnesium on the metabolic profile of patients 
with PCOS. Nevertheless, several limitations need to be 
addressed. Relatively short duration of supplementation 
should be considered in the interpretation of our find-
ings, and long-term trials among various ethnic groups 
are needed to provide better effects. In addition, as the 
current research was conducted using relatively small 

Table 2  Dietary intakes of study participants before the intervention

Data are are Means ± SD and Geometric Means (Min, Max)

P values based on One-Way ANOVA test or Kruskal–Wallis test

PUFA polyunsaturated fatty acid, MUFA monounsaturated fatty acid, SFA saturated fatty acid

Variables The study groups P

Placebo (n = 20) Melatonin + Mg (n = 22) Melatonin (n = 21) Mg (n = 21)

Energy (Kcal) 1325.66 ± 252.63 1277.90 ± 273.18 1449.01 ± 400.07 1256.00 ± 396.07 0.259

Carbohydrate (g) 191.75 ± 47.68 176.08 ± 41.24 195.69 ± 58.17 174.78 ± 59.92 0.116

Protein (g) 48.87 ± 14.12 46.80 ± 14.77 58.02 ± 16.71 49.64 ± 17.54 0.461

Fat (g) 40.90 ± 13.82 43.76 ± 15.87 48.79 ± 15.97 40.93 ± 17.17 0.336

PUFA (g) 5.88 (1.06, 28.47) 7.59 (0.87, 24.66) 7.68 (1.92, 20.01) 6.42 (1.33, 22.70) 0.593

MUFA (g) 11.93 ± 5.11 12.75 ± 5.95 14.73 ± 5.86 11.97 ± 6.64 0.386

SFA (g) 13.71 ± 5.01 13.08 ± 5.19 16.97 ± 8.43 12.44 ± 6.77 0.120
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Table 3  Comparison of metabolic and hormonal parameters in study groups before and after the intervention

Variables The study groups P**

Placebo (n = 20) Melatonin + Mg (n = 22) Melatonin (n = 21) Mg (n = 21)

Mean ± SD Mean ± SD AMD Mean ± SD AMD Mean ± SD AMD

# PSQI Before 5.58 (1.00, 17.00) 6.45 (3.00, 13.00) − 0.31 5.65 (1.00, 13.00) − 0.29 4.30 (1.00, 13.00) − 0.08 < 0.001

After 3.99 (1.00, 17.00) ab 3.52 (1.00, 7.00) cd 3.18 (1.00, 12.00) cd 3.82 (1.00, 13.00) ab

GMD − 1.59 (− 28.49) − 2.93 (− 45.42) − 2.47 (− 43.71) − 0.48 (− 11.16)

P* 0.17  < 0.001  < 0.001 0.155

FBS (mg/dl) Before 80.90 ± 5.59 88.68 ± 11.64 0.60 82.47 ± 8.09 − 0.86 82.04 ± 7.05 0.48 0.930

After 81.35 ± 7.29 85.23 ± 9.23 81.41 ± 8.71 82.19 ± 8.04

MD 0.45 ± 6.56 − 3.45 ± 11.45 − 1.05 ± 9.05 0.14 ± 7.17

P* 0.761 0.172 0.599 0.928
#Insulin (mIU/mL) Before 6.40 (1.30, 67.90) 6.94 (1.70, 21.00) − 0.15 7.42 (2.80, 67.90) − 0.06 6.29 (2.30, 45.60) − 0.07 0.169

After 6.98 (1.50, 22.40) 5.83 (1.50, 11.00) 7.87 (2.90, 20.10) 6.74 (3.00, 15.50)

GMD 0.58 (9.06) − 1.11 (− 15.99) 0.45 (6.06) 0.45 (7.15)

P* 0.049 0.010 0.837 0.653
#HOMA-IR Before 1.31 (0.25, 14.08) 1.50 (0.37, 5.00) − 0.07 1.48 (0.48, 14.08) − 0.03 1.27 (0.44, 9.23) − 0.03 0.355

After 1.41 (0.32, 5.83) 1.22 (0.32, 2.61) 1.57 (0.48, 4.81) 1.36 (0.58, 3.64)

GMD 0.10 (7.63) − 0.28 (− 18.66) 0.09 (6.08) 0.09 (7.08)

P* 0.053 0.006 0.859 0.662
#HOMA-B Before 120.00 (24.48, 

896.00)
108.06 (24.48, 

290.77)
− 0.15 140.25 (38.67, 

622.80)
− 0.01 127.70 (55.20, 

864.00)
− 0.05 0.235

After 138.04 (23.13, 
979.20)

104.78 (23.13, 
540.00)

167.69 (51.23, 
590.40)

139.25 (54.58, 
979.20)

GMD 18.04 (15.03) − 3.28 (− 3.03) 27.44 (19.56) 11.55 (9.04)

P* 0.097 0.802 0.479 0.611

TG (mg/dl) Before 133.00 ± 50.05 159.59 ± 80.90 29.77 129.42 ± 73.18 11.45 143.23 ± 69.63 23.03 0.158

After 116.66 ± 37.97 157.96 ± 67.51 126.41 ± 46.00 144.96 ± 66.86

MD − 16.33 ± 44.88 4.00 ± 61.87 − 3.01 ± 55.45 1.72 ± 50.30

P* 0.120 0.770 0.806 0.877

Cholesterol (mg/dl) Before 160.90 ± 24.07 175.81 ± 34.67 − 3.26 162.85 ± 29.98 8.55 164.76 ± 28.80 3.97 0.122

After 153.22 ± 20.29 159.73 ± 23.54 162.11 ± 24.45 160.09 ± 27.11

MD − 7.67 ± 19.54 − 16.08 ± 18.40 − 0.73 ± 20.94 − 4.66 ± 20.71

P* 0.095 0.001 0.873 0.315

LDL-C (mg/dl) Before 91.56 ± 20.88 101.30 ± 28.55 − 8.72 94.38 ± 22.99 3.55 92.42 ± 29.19 − 2.53 0.070

After 84.70 ± 18.03 82.33 ± 15.72 91.68 ± 21.65 85.99 ± 22.41

MD − 6.86 ± 18.05 − 18.96 ± 22.02 − 2.70 ± 17.26 − 6.42 ± 20.62

P* 0.106 0.001 0.481 0.169

HDL-C (mg/dl) Before 42.73 ± 7.22 42.60 ± 11.47 0.98 42.58 ± 8.78 1.60 43.68 ± 8.72 0.43 0.615

After 43.92 ± 6.87 44.79 ± 11.31 45.35 ± 9.62 45.22 ± 7.60

MD 1.19 ± 2.91 2.19 ± 3.56 2.76 ± 4.81 1.54 ± 4.72

P* 0.084 0.009 0.016 0.151
#Testosterone (ng/

ml)
Before 0.34 (0.10, 1.20) 0.36 (0.10, 1.20) − 0.04 0.40 (0.10, 0.90) − 0.02 0.28 (0.10, 0.70) − 0.03 0.017

After 0.31 (0.10, 0.90)a 0.27 (0.10, 0.90) d 0.34 (0.10, 0.70) 0.26 (0.10, 0.80)

GMD − 0.03 (− 8.82) − 0.09 (− 25.00) − 0.06 (− 15.00) − 0.02 (− 7.14)

P* 0.08 < 0.001 0.03 0.713
#SHBG (nmol/l) Before 23.18 (5.20, 84.60) 21.82 (5.20, 84.60) − 0.001 19.66 (5.60, 76.40) − 0.006 27.69 (14.00, 72.70) 0.04 0.720

After 20.79 (4.90, 115.00) 19.35 (5.60, 115.00) 17.66 (4.90, 58.82) 25.95 (15.30, 57.00)

GMD − 2.39 (− 10.31) − 2.47 (− 11.31) − 2.00 (− 10.17) − 1.74 (− 6.28)

P* 0.065 0.077 0.142 0.621
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number of eligible participants, the generalization of our 
findings is partly limited. Besides, 24-h dietary recall, as 
a memory dependent tool, is frequently associated with 
underestimation and represents only recent dietary pat-
terns rather than a long term practice,. Thus, a valid and 
reliable food frequency questionnaire, (if available) may 
be much helpful in better estimating nutritional status of 
the participants and its potential effects on bio metabolic 
parameters of the patients.

Conclusions
Altogether, our study demonstrated that melatonin 
and magnesium co-supplementation, for eight weeks in 
women with PCOS had beneficial effects on sleep qual-
ity and total testosterone. Additionally, melatonin sup-
plementation alone was found to be associated with a 
significant reduction in PSQI score. Moreover, combined 
magnesium and melatonin supplementation was more 
effective in improving metabolic parameters, including 
serum levels of cholesterol, LDL-C, HDL-C, insulin, and 
HOMA-IR. Further large-scale research with longer peri-
ods is needed to get stronger results.
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Table 3  (continued)

Variables The study groups P**

Placebo (n = 20) Melatonin + Mg (n = 22) Melatonin (n = 21) Mg (n = 21)

Mean ± SD Mean ± SD AMD Mean ± SD AMD Mean ± SD AMD

#FAI Before 1.49 (0.26, 12.50) 1.69 (0.32, 9.62) − 0.10 2.05 (0.26, 12.50) − 0.04 1.01 (0.26, 5.00) − 0.09 0.161

After 1.51 (0.17, 14.29) 1.40 (0.17, 5.68) 1.95 (0.26, 14.29) 1.01 (0.18, 4.73)

GMD 0.02 (1.34) − 0.29 (− 17.15) − 0.10 (− 4.87) 0 (0)

P* 0.011 0.112 0.648 0.985
#Leptin (ng/ml) Before 31.07 (4.60, 72.30) 35.71 (8.40, 93.40) − 0.03 35.58 (13.60, 

114.20)
− 0.02 35.50 (14.70, 78.60) − 0.06 0.645

After 31.46 (6.60, 84.10) 32.55 (14.10, 74.78) 32.93 (15.00, 
103.00)

30.28 (8.10, 78.60)

GMD 0.39 (1.25) − 3.16 (− 8.84) − 2.65 (− 7.44) − 5.22 (− 14.70)

P* 0.866 0.226 0.180 0.189

Means ± SD are presented for normally distributed data
# Data are Geometric Means (Min, Max) and Difference in geometric means (percent change percent in geometric means)

P* values based on paired sample t test

P** values based on Analysis of Covariance (ANCOVA) followed by Sidak’s test after adjustment of baseline values and energy intake

AMD (Adjusted Mean Difference): Adjusted meanTreatment – Adjusted meanplacebo; MD (Mean Difference): Meanafter – Meanbefore
a P value less than 0.05 vs. melatonin and magnesium group
b P value less than 0.05 versus melatonin group
c P value less than 0.05 versus magnesium group
d P value less than 0.05 versus placebo group

PSQI Pittsburgh Sleep Quality Index, FBS fasting blood sugar, HOMA-IR homeostatic model assessment for insulin resistance, HOMA-B homeostasis model of 
assessment β cell function, TG triglycerides, HDL-C high density lipoprotein-cholesterol, LDL-C low density lipoprotein-cholesterol, SHBG sex hormone-binding 
globulin, FAI free androgen index, GMD geometric mean difference
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	12.	 Jockenhövel F, Blum WF, Vogel E, Englaro P, Müller-Wieland D, Reinwein 
D, et al. Testosterone substitution normalizes elevated serum leptin lev-
els in hypogonadal men. J Clin Endocrinol Metab. 1997;82(8):2510–3.

	13.	 Moschos S, Chan JL, Mantzoros CS. Leptin and reproduction: a review. 
Fertil Steril. 2002;77(3):433–44.

	14.	 Goumenou AG, Matalliotakis IM, Koumantakis GE, Panidis DK. 
The role of leptin in fertility. Eur J Obstet Gynecol Reprod Biol. 
2003;106(2):118–24.

	15.	 Mitchell M, Armstrong D, Robker R, Norman R. Adipokines: implications 
for female fertility and obesity. Reproduction. 2005;130(5):583–97.

	16.	 Thomson RL, Buckley JD, Lim SS, Noakes M, Clifton PM, Norman RJ, 
et al. Lifestyle management improves quality of life and depression in 
overweight and obese women with polycystic ovary syndrome. Fertil 
Steril. 2010;94(5):1812–6.

	17.	 Teede HJ, Misso ML, Deeks AA, Moran LJ, Stuckey BG, Wong JL, et al. 
Assessment and management of polycystic ovary syndrome: summary 
of an evidence-based guideline. Med J Aust. 2011;195(6):S65-112.

	18.	 Farshchi H, Rane A, Love A, Kennedy R. Diet and nutrition in polycystic 
ovary syndrome (PCOS): pointers for nutritional management. J Obstet 
Gynaecol. 2007;27(8):762–73.

	19.	 Cassone VM, Natesan AK. Time and time again: the phylogeny 
of melatonin as a transducer of biological time. J Biol Rhythms. 
1997;12(6):489–97.

	20.	 Reiter RJ, Tan D-X, Fuentes-Broto L. Melatonin: a multitasking molecule. 
Prog Brain Res. 2010;181:127–51.

	21.	 Spinedi E, Cardinali DP. The polycystic ovary syndrome and the 
metabolic syndrome: a possible chronobiotic-cytoprotective adjuvant 
therapy. Int J Endocrinol. 2018;2018:1349868.

	22.	 Sirotkin A, Schaeffer H. Direct regulation of mammalian reproductive 
organs by serotonin and melatonin. J Endocrinol. 1997;154(1):1–5.

	23.	 Peschke E, Schucht H, Mühlbauer E. Long-term enteral administration 
of melatonin reduces plasma insulin and increases expression of pineal 
insulin receptors in both Wistar and type 2-diabetic Goto-Kakizaki rats. 
J Pineal Res. 2010;49(4):373–81.

	24.	 Raygan F, Ostadmohammadi V, Bahmani F, Reiter RJ, Asemi Z. 
Melatonin administration lowers biomarkers of oxidative stress and 
cardio-metabolic risk in type 2 diabetic patients with coronary heart 
disease: a randomized, double-blind, placebo-controlled trial. Clin Nutr. 
2019;38(1):191–6.

	25.	 Shabani A, Foroozanfard F, Kavossian E, Aghadavod E, Ostadmoham-
madi V, Reiter RJ, et al. Effects of melatonin administration on mental 
health parameters, metabolic and genetic profiles in women with 
polycystic ovary syndrome: a randomized, double-blind, placebo-
controlled trial. J Affect Disord. 2019;250:51–6.

	26.	 Chakraborty P, Ghosh S, Goswami S, Kabir SN, Chakravarty B, Jana K. 
Altered trace mineral milieu might play an aetiological role in the 
pathogenesis of polycystic ovary syndrome. Biol Trace Elem Res. 
2013;152(1):9–15.

	27.	 Sharifi F, Mazloomi S, Hajihosseini R, Mazloomzadeh S. Serum magne-
sium concentrations in polycystic ovary syndrome and its association 
with insulin resistance. Gynecol Endocrinol. 2012;28(1):7–11.

	28.	 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(02):100–5.

	29.	 Babapour M, Mohammadi H, Kazemi M, Hadi A, Rezazadegan M, Askari G. 
Associations between serum magnesium concentrations and polycystic 
ovary syndrome status: a systematic review and meta-analysis. Biol Trace 
Elem Res. 2020;199:1297–305.

	30.	 ESHRE TR, Group A-SPCW. Revised 2003 consensus on diagnostic criteria 
and long-term health risks related to polycystic ovary syndrome. Fertil 
Steril. 2004;81(1):19–25.



Page 11 of 11Alizadeh et al. Nutr Metab (Lond)           (2021) 18:57 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	31.	 Committee IR. Guidelines for data processing and analysis of the Interna-
tional Physical Activity Questionnaire (IPAQ)-short and long forms. 2005. 
http://​www.​ipaq.​ki.​se/​scori​ng.​pdf. Accessed 1 Dec 2019.

	32.	 Naderi H, Dehghan H, Ghaderi M, Momeni F. Relationship of meta-
cognitions with students’sleep quality. Shenakht J Psychol Psychiatry. 
2017;2(4):12–23.

	33.	 Ozkaya M, Cakal E, Ustun Y, Engin-Ustun Y. Effect of metformin on serum 
visfatin levels in patients with polycystic ovary syndrome. Fertil Steril. 
2010;93(3):880–4.

	34.	 Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale 
HF, Futterweit W, et al. The androgen excess and PCOS society criteria 
for the polycystic ovary syndrome: the complete task force report. Fertil 
Steril. 2009;91(2):456–88.

	35.	 Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey WT. Limita-
tions in the use of indices using glucose and insulin levels to predict insu-
lin sensitivity: impact of race and gender and superiority of the indices 
derived from oral glucose tolerance test in African Americans. Diabetes 
Care. 2013;36(4):845–53.

	36.	 Neter J, Wasserman W, Kutner MH. Applied linear regression models. 
Homewood: Richard D. Irwin; 1989.

	37.	 Baptiste CG, Battista M-C, Trottier A, Baillargeon J-P. Insulin and hyperan-
drogenism in women with polycystic ovary syndrome. J Steroid Biochem 
Mol Biol. 2010;122(1–3):42–52.

	38.	 El Hayek S, Bitar L, Hamdar LH, Mirza FG, Daoud G. Poly cystic ovarian 
syndrome: an updated overview. Front Physiol. 2016;7:124.

	39.	 Sam S, Ehrmann DA. Pathogenesis and consequences of disordered sleep 
in PCOS. Clin Med Insights Reprod Health. 2019;13:1179558119871269.

	40.	 Fatemeh G, Sajjad M, Niloufar R, Neda S, Leila S, Khadijeh M. Effect of 
melatonin supplementation on sleep quality: a systematic review and 
meta-analysis of randomized controlled trials. J Neurol. 2021. https://​doi.​
org/​10.​1007/​s00415-​020-​10381-w.

	41.	 Klerman H, Hilaire MAS, Kronauer RE, Gooley JJ, Gronfier C, Hull JT, et al. 
Analysis method and experimental conditions affect computed circadian 
phase from melatonin data. PLoS ONE. 2012;7(4):e33836.

	42.	 Mojaverrostami S, Asghari N, Khamisabadi M, Khoei HH. The role of 
melatonin in polycystic ovary syndrome: a review. Int J Reprod Biomed. 
2019;17(12):865.

	43.	 Shreeve N, Cagampang F, Sadek K, Tolhurst M, Houldey A, Hill C, 
et al. Poor sleep in PCOS; is melatonin the culprit. Hum Reprod. 
2013;28(5):1348–53.

	44.	 Jamilian M, Foroozanfard F, Mirhosseini N, Kavossian E, Aghadavod E, 
Bahmani F, et al. Effects of melatonin supplementation on hormonal, 
inflammatory, genetic, and oxidative stress parameters in women with 
polycystic ovary syndrome. Front Endocrinol (Lausanne). 2019;10:273.

	45.	 Tagliaferri V, Romualdi D, Scarinci E, De Cicco S, Di Florio C, Immediata V, 
et al. Melatonin treatment may be able to restore menstrual cyclicity in 
women with PCOS: a pilot study. Reprod Sci. 2018;25(2):269–75.

	46.	 Su C, Chen M, Huang H, Lin J. Testosterone enhances lipopolysaccha-
ride-induced interleukin-6 and macrophage chemotactic protein-1 
expression by activating the extracellular signal-regulated kinase 1/2/
nuclear factor-κB signalling pathways in 3T3-L1 adipocytes. Mol Med Rep. 
2015;12(1):696–704.

	47.	 Tan DX, Manchester LC, Hardeland R, Lopez-Burillo S, Mayo JC, Sainz RM, 
et al. Melatonin: a hormone, a tissue factor, an autocoid, a paracoid, and 
an antioxidant vitamin. J Pineal Res. 2003;34(1):75–8.

	48.	 Izadi A, Ebrahimi S, Shirazi S, Taghizadeh S, Parizad M, Farzadi L, et al. 
Hormonal and metabolic effects of coenzyme Q10 and/or vitamin E 
in patients with polycystic ovary syndrome. J Clin Endocrinol Metab. 
2019;104(2):319–27.

	49.	 Barbagallo M, Dominguez LJ, Galioto A, Ferlisi A, Cani C, Malfa L, et al. Role 
of magnesium in insulin action, diabetes and cardio-metabolic syndrome 
X. Mol Asp Med. 2003;24(1–3):39–52.

	50.	 Faria JA, Kinote A, Ignacio-Souza LM, de Araújo TM, Razolli DS, Doneda 
DL, et al. Melatonin acts through MT1/MT2 receptors to activate hypo-
thalamic Akt and suppress hepatic gluconeogenesis in rats. Am J Physiol 
Endocrinol Metab. 2013;305(2):E230–42.

	51.	 Ha E, Yim SV, Chung JH, Yoon KS, Kang I, Cho YH, et al. Melatonin stimu-
lates glucose transport via insulin receptor substrate-1/phosphatidylino-
sitol 3-kinase pathway in C2C12 murine skeletal muscle cells. J Pineal Res. 
2006;41(1):67–72.

	52.	 Pai SA, Majumdar AS. Protective effects of melatonin against metabolic 
and reproductive disturbances in polycystic ovary syndrome in rats. J 
Pharm Pharmacol. 2014;66(12):1710–21.

	53.	 Mohammadi-Sartang M, Ghorbani M, Mazloom Z. Effects of mela-
tonin supplementation on blood lipid concentrations: a systematic 
review and meta-analysis of randomized controlled trials. Clin Nutr. 
2018;37(6):1943–54.

	54.	 Tamura H, Nakamura Y, Narimatsu A, Yamagata Y, Takasaki A, Reiter RJ, 
et al. Melatonin treatment in peri-and postmenopausal women elevates 
serum high-density lipoprotein cholesterol levels without influencing 
total cholesterol levels. J Pineal Res. 2008;45(1):101–5.

	55.	 Rayssiguier Y, Gueux E. Magnesium and lipids in cardiovascular disease. J 
Am Coll Nutr. 1986;5(6):507–19.

	56.	 Kishimoto Y, Tani M, Uto-Kondo H, Saita E, Iizuka M, Sone H, et al. Effects 
of magnesium on postprandial serum lipid responses in healthy human 
subjects. Br J Nutr. 2010;103(4):469–72.

	57.	 Nishida S, Segawa T, Murai I, Nakagawa S. Long-term melatonin admin-
istration reduces hyperinsulinemia and improves the altered fatty-acid 
compositions in type 2 diabetic rats via the restoration of Δ-5 desaturase 
activity. J Pineal Res. 2002;32(1):26–33.

	58.	 Buonfiglio D, Tchio C, Furigo I, Donato J Jr, Baba K, Cipolla-Neto J, et al. 
Removing melatonin receptor type 1 signaling leads to selective leptin 
resistance in the arcuate nucleus. J Pineal Res. 2019;67(2):e12580.

	59.	 Tamura H, Nakamura Y, Korkmaz A, Manchester LC, Tan DX, Sugino N, 
et al. Melatonin and the ovary: physiological and pathophysiological 
implications. Fertil Steril. 2009;92:328–43.

	60.	 Tamura H, Takasaki A, Taketani T, Tanabe M, Kizuka F, Lee L, et al. The role 
of melatonin as an antioxidant in the follicle. J Ovarian Res. 2012;5:5.

	61.	 Howard JMC, Davies S, Hunnisett A. Red cell magnesium and glutathione 
peroxidase in infertile women: effects of oral supplementation with 
magnesium and selenium. Magnes Res. 1994;7(1):49–57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.ipaq.ki.se/scoring.pdf
https://doi.org/10.1007/s00415-020-10381-w
https://doi.org/10.1007/s00415-020-10381-w

	Metabolic and hormonal effects of melatonin andor magnesium supplementation in women with polycystic ovary syndrome: a randomized, double-blind, placebo-controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Trial design
	Participants
	Interventions
	Dietary intakes and physical activity assessment
	Sleep quality assessment
	Assessment of anthropometric variables
	Laboratory analysis
	Sample size
	Randomization
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


