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Abstract

Background: One of the common endocrine disorders is polycystic ovary syndrome (PCOS) with prevalence of about 5%–15% of 
women within reproductive age. It is related to androgen disturbance, obesity, and irregular menstrual cycle. Pineal gland secretes 
melatonin hormone, which is involved in the regulation of the circadian rhythm. Melatonin receptors in the ovary adjust sex steroid 
secretion. Furthermore, it is considered a strong antioxidant, which protects ovarian follicles during follicular maturation. Objectives: 
To evaluate the level of melatonin in patients with PCOS and its relation with reproductive hormones and anthropometric measures. 
Materials and Methods: A case-control study included 200 women in reproductive age (20–40 years), including 100 PCOS patients and 
100 controls who appeared to be in generally good health. Anthropometric measurements were evaluated. Reproductive hormones 
and anti-Müllerian hormone (AMH) were evaluated using the mini VIDAS method. Human MT (Melatonin) ELISA Kit from 
Elabscience source (USA) was used for measuring melatonin levels. Results: Luteinizing hormone/follicle-stimulating hormone (FSH) 
ratio, AMH, and melatonin were significantly higher in PCOS women, whereas FSH level was significantly lower in PCOS compared 
with controls. There was an adverse relationship between melatonin levels with thigh circumference, waist circumference, and waist/hip 
ratio (P < 0.05). There was a significant adverse correlation between melatonin and testosterone hormone in PCOS patients (P < 0.05). 
Melatonin level showed an AUC of 0.755 at a cutoff  point of 20 ng/mL and more, giving a sensitivity (78%) and specificity (75%). 
Conclusions: Although PCOS women had higher serum melatonin concentrations, their effect on ovarian hormones is diminished. 
Melatonin had a connection with androgen, and melatonin supplements may improve metabolic dysfunction in PCOS patients.
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Introduction
Polycystic ovarian syndrome is an endocrine disorder 
that affects 5%–15% of women. It is related to androgen 
disturbance, obesity, and irregular cycle.[1,2]

The diagnosis of polycystic ovary syndrome (PCOS) is 
achieved by demonstrating “1—the presence of oligo/
anovulation, 2—clinical or biochemical markers of 
hyperandrogenism, and/or 3—appearance of polycystic 
ovaries.”[3] PCOS is involved in a wide array of endocrine 
and metabolic derangements.[4]

Pineal gland secretes a neurohormone called melatonin 
hormone, which is involved in the regulation of the 
circadian rhythm and sleep. Melatonin secretion peaks 
during the dark hours, so it initiates sleep and declines 
greatly during the daytime. Therefore, it is said that it 

plays a key role in regulating the sleep–wakefulness cycle.[5] 
Melatonin is considered a strong antioxidant, which 
protects ovarian follicles during follicular maturation.[5] 
Melatonin hormone has an important antigonadal effect 
by directly inhibiting testosterone secretion.[6]

It is theorized that melatonin treatment may aid in 
maintaining testosterone and decrease the luteinizing 
hormone (LH)/follicle-stimulating hormone (FSH) ratio 
in PCOS patients[7] through specific receptor proteins 
present in the ovaries.[8,9] It is also responsible for regulation 
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special gene expression,”LH receptor gene expression, 
and gonadotropin- releasing hormone receptor gene” in 
human granulosa-lutein cells via the mitogen-activated 
protein kinase (MAPK) pathway.[10]

According to certain researches, the melatonin hormone 
has a direct impact on the quality and development of 
the embryo as well as ovulation, oocyte maturation, and 
embryonic quality. Melatonin level is higher in larger 
follicles compared with smaller ones, and this has a 
protective antioxidant activity of granulosa cells from free 
radicals that are formed during ovulation.[11,12]

Materials and Methods
A total of 200 women (100 women with PCOS and 100 
controls) in reproductive age (20–40 years) were involved 
in this case–control study collected from the private clinic 
in Babylon province between March 2022 and end of 
December 2022.

History was taken from each participant including age, 
address, level of education, and job. Also, anthropometric 
measurements including “thigh circumference, arm 
circumference, waist circumference, hip circumference, 
waist/hip ratio, and body mass index (BMI)” were 
evaluated. FSH, LH, prolactin, testosterone, estradiol 
hormone, and anti-Müllerian hormone (AMH) were also 
measured on the 2nd or 3rd day of the cycle using the mini 
VIDAS (automated  immunoanalyzer) method.

Human MT (Melatonin) ELISA Kit from Elabscience 
source (Houston, Texas, USA) was used for measuring 
melatonin levels. The melatonin reference was 
15.63–1000 pg/mL.

Statistical analysis
All statistical analyses were performed using SPSS (IBM, 
Chicago, USA) software (version 23). The t test was 
employed for continuous data, and the Chi-square test was 
utilized for categorical data. The Pearson correlation was 
done for the detection of correlation between measured 
variables. The binary logistic regression analysis for 
PCOS versus healthy control was also done. The receiver 
operating characteristic (ROC) curve for PCOS against 
healthy control in the studied group was done to detect 
the sensitivity and specificity of the melatonin hormone. 
A P value of less than 0.05 was considered significant.[13]

Ethical approval
Verbal informed consent was taken from participant according 
to the guiding principle of the University of Babylon under 
the reference No. number 1789 on Dec 30, 2021.

Results
In this study, 200 women (100 with PCOS and 100 controls) 
were participated, and their demographic characteristics 

[Table 1] demonstrate insignificant differences between 
patients and controls concerning age, level of education, 
job, and address (P > 0.05). Regarding anthropometric 
characteristics, there were significant differences regarding 
waist (cm), waist/hip ratio, and BMI (P < 0.05).

The hormonal level at day 2 or 3 of menstrual cycle (MC) 
was measured and shown in Table 2. LH/FSH ratio, 
AMH, and melatonin were higher significantly in patients 
than those in the control group, whereas FSH level was 
lower significantly in patients than those in the control 
group (P < 0.05).

Table 3 shows the correlation of melatonin with patient 
age and anthropometric measurements in PCOS women, 
and there was a negative correlation between melatonin 
levels with thigh circumference (TC), waist circumference 
(WC), and waist/hip (W/H) ratio (P < 0.05).

A diagnostic evaluation was performed using logistic 
regression. Women with PCOS can compare the effects 
of various hormones using the control group as the 
benchmark, as demonstrated. Table 5 lists the melatonin 
level, AMH, and LH/FSH ratios. Ratio appeared to be 
important diagnosing factors. The higher odds ratio (OR) 
reported, though, was for PCOS with a significant LH/
FSH ratio (OR = 2.01). For melatonin, the odds ratio is 

Table  1: Demographic and anthropometric data of study 
groups

Variable PCOS patients 
(100) 

Control (100) P value 

No. (%) No. (%)
Age (mean ± SD) 
years

28.35 ± 6.11 30.50 ± 7.92 0.078

Education

  Primary school 20 (20) 30 (32) 0.145

  Secondary school 48 (48) 48 (48)  

  Higher education 32 (32) 22 (20)  

Job

  Housewife 77 (77) 68 (68) 0.15

  Employer 23 (23) 32 (32)  

Address

  Urban 59 (61) 63 (63) 0.77

  Rural 41 (39) 37 (37)  

Thigh circumference 
(cm)

50.18 ± 5.75 50.83 ± 5.11 0.48

Arm circumference 
(cm)

32.90 ± 4.82 31.38 ± 5.88 0.19

Waist (cm) 98.80 ± 8.72 81.77 ± 9.81 0.023*

Hip (cm) 118.55 ± 9.23 05.85 ± 7.67 0.09

Waist/hip ratio 0.93 ± 0.21 0.79 ± 0.17 0.044*

BMI (kg/m²) 28.25 ± 3.85 26.30 ± 4.41 0.005*
BMI: body mass index, PCOS: polycystic ovary syndrome, SD: standard 
deviation
*P < 0.05 was significant
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1:83. Women who produce more melatonin levels have an 
increased chance of having PCOS.

ROC curve was done to assess the validity of melatonin 
in PCOS diagnosis [Figure 1]. Melatonin level showed 
an AUC of 0.755 at a cutoff  point of 20 ng/mL, giving a 
sensitivity (78%) and specificity (75%), which indicate that 

melatonin level is a moderate diagnostic factor in PCOS 
independent of other parameters.

Discussion
The study found that melatonin level is higher in PCOS 
patients compared with control groups and that its 
level correlated with the level of  testosterone and with 
many anthropometric measures such as TC, WC, and 
W/H ratio.

These findings are explained as many patients with 
PCOS had high body weight, and this will induce 
insulin resistance, which will stimulate the secretion 
of testosterone that can decline sex hormone-binding 
globulin. Hyperandrogenemia will cause derangement of 
the hormonal hypothalamic-ovarian axis, which leads to 
amplified LH/FSH, arrest of follicular development, and, 
finally, anovulation.[14,15]

Table 2: Hormonal level at day 2 of the menstrual cycle of 
the studied groups

Hormones PCOS  Controls  P value 

No. 100 No. 100
FSH (mIU/mL) 5.83 ± 1.81 7.30 ± 4.77 0.024*

LH (IU/L) 7.35 ± 4.05 7.01 ± 1.94 0.54

LH/FSH 1.28 ± 0.48 1.06 ± 0.28 <0.01*

Prolactin (ng/mL) 22.46 ± 9.46 20.01 ± 6.97 0.07

Testosterone (ng/mL) 0.66 ± 0.41 0.62 ± 0.41 0.76

AMH (ng/mL) 3.68 ± 1.54 2.61 ± 1.21 0.017*

E2 (pg/mL) 33.43 ± 10.85 37.54 ± 21.61 0.18

Melatonin (ng/mL) 28.91 ± 7.96 25.24 ± 5.09 0.02*
AMH: anti-Müllerian hormone, E2: estradiol hormone, FSH: follicle-
stimulating hormone, LH: luteinizing hormone, PCOS: polycystic 
ovary syndrome
*P < 0.05 was significant

Table 3: Correlation between melatonin levels with patient 
age and anthropometric measurements in polycystic ovary 
syndrome women

Variables Melatonin hormone

Correlation coefficient, r P value 
Age 0.064 0.83

Thigh circumference (cm) −0.653* 0.016

Arm circumference (cm) −0.333 0.266

Waist circumference t (cm) −0.531* 0.02

Hip circumference (cm) −0.101 0.62

Waist/hip ratio −0.381* <0.01

BMI −0.206 0.50
There was a significant negative correlation between melatonin and 
testosterone in PCOS patients (P < 0.05) [Table 4]
*P < 0.05 was significant

Table  4: Correlation between melatonin levels with 
reproductive hormones in polycystic ovary syndrome women

Hormones Melatonin hormone

Correlation coefficient (r) P value 
FSH (mIU/mL) 0.110 0.720

LH (IU/L) −0.147 0.632

LH/FSH ratio −0.211 0.128

Testosterone (ng/mL) −0.46 0.02

Prolactin (ng/mL) 0.08 0.91

AMH (ng/mL) −0.433 0.212

E2 (pg/mL) 0.020 0.949
AMH: anti-Müllerian hormone, E2: estradiol hormone, FSH: follicle-
stimulating hormone, LH: luteinizing hormone

Table 5: Binary logistic regression analysis for the diagnosis 
of polycystic ovary syndrome

PCOS P value Odds ratio (95% CI) (lower 
limit–upper limit) 

Melatonin 0.026* 1.83 (0.926–1.908)

FSH 0.051 0.657 (0.322–1.340)

LH 0.15 1.89 (0.750–2.389)

AMH 0.03* 1. 88 (0.417–2.841)

E2 0.524 1.028 (0.944–1.119)

LH/FSH ratio 0.03* 2.01 (0.93–2.48)

Testosterone 0.64 1.12 (0.91–1.48)

Prolactin 0.92 1.01 (0.81–1.02)
AMH: anti-Müllerian hormone, CI: confidence interval, E2: estradiol 
hormone, FSH: follicle-stimulating hormone, LH: luteinizing hormone, 
PCOS: polycystic ovary syndrome
*P < 0.05 was significant

AUC Cutoff 

value

(ng/mL)

Sensitivity Specificity Asymptotic 95% 

Confidence Interval

Lower 

Bound

Upper 

Bound

0.755 20 78% 75% 0.589 0.921

Figure 1: Receiver operating characteristic (ROC) curve for the validity 
of melatonin level in PCOS diagnosis
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Some authors found that melatonin supplements defence 
mechanism against metabolic abnormalities in PCOS. 
Giving it to them affects body features such as decreased 
weight, BMI, and fat.[16]

The hormonal level at day 2 or 3 of MC was measured 
and shown in Table 2, and LH/FSH ratio, AMH, and 
melatonin were higher significantly in patients than in the 
control group, whereas FSH level was lower significantly 
in patients than in the control group (P < 0.05).

This result agree with Gocke and Gulnur who found 
that serum melatonin level in  PCOS patients, was higher 
than healthy women which is considered as a sign of 
diagnosing PCOS.[12] Melatonin uptake from circulation 
is reduced and the number of atretic follicles increases in 
PCOS patients, both of which affect the melatonin level in 
follicular fluid.[17]

The melatonin deficiency affects gonadotrophin secretion, 
reduces FSH synthesis, and increases LH synthesis, the 
latter being the major change detected in PCOS patients.[18-19]

Melatonin level showed an AUC of 0.755 at a cutoff  
point of 20 ng/mL, giving a sensitivity (78%) and 
specificity (75%), which indicate that melatonin level is a 
moderate diagnostic factor in PCOS independent of other 
parameters.

This agrees with the results obtained by Jain et al.[9] in 2013.

In conclusion, although PCOS women had higher serum 
melatonin concentrations, their effect on ovarian follicles 
is diminished. Melatonin had a connection with androgen, 
and melatonin supplements may improve metabolic 
dysfunction in PCOS patients.
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