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Abstract: 
Melatonin is a tryptophan derivative, involved in different biological functions, including glyce-

mic status, lipid profile and oxidative stress status. These features are important for the pathogenesis 
of polycystic ovary syndrome (PCOS). The present study aimed to evaluate the serum melatonin 
level of women with PCOS and its association with its management. Case-control study was man-
aged in the Gynecology Consulting Clinics in Kirkuk and Erbil Governorate Hospitals, Northern 
Iraq, from December 2023 to June 2024. The study involved 90 participants aged 18-45 years, 
including 45 women diagnosed with severe polycystic ovary syndrome based on the International 
Evidence-based Guideline (2023) and an equal number of matched healthy women controls. Serum 
levels of melatonin, oxidative stress parameters, testosterone and metabolic variables, were assessed 
using the ELISA (enzyme-linked immunosorbent assay), Electrochemiluminescence based immu-
noassay (ELICA) using Cobas e411 and colorimetric kits.  In this study, ROC curve analyses, cor-
relation coefficients, and descriptive statistics were employed. Serum melatonin level was statistical-
ly different between PCOS and control (163.31±57.74; 290.74±107.74) respectively. Biochemical, 
hormonal and metabolic variables had significant correlations with melatonin in women with PCOS. 
The AUC of melatonin was 0.864 (p =0.001), demonstrating that, in comparison to healthy control 
women, it has the proper sensitivity to detect PCOS patients. These finding suggest that melatonin 
had a significant association with PCOS and could be used as a useful biomarker of PCOS. 
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مستخلص:

ــتوى  ــكر ومس ــع الس ــك وض ــا في ذل ــة، ب ــة مختلف ــف بيولوجي ــارك في وظائ ــان، ويش ــتقات التربتوف ــد مش ــو أح ــن ه الميلاتون
ــة إلى  ــة الحالي ــدف الدراس ــض )PCOS(. ته ــس المباي ــة تكي ــور متلازم ــة لتط ــات مهم ــذه الس ــدي. ه ــاد التأكس ــون والإجه الده
تقييــم مســتوى الميلاتونــن في مصــل النســاء المصابــات بمتلازمــة تكيــس المبايــض وارتباطــه بإدارتهــا. تــم إجــراء دراســة الحالــة 
ــادات استشــارية أمــراض النســاء في مستشــفيات محافظــة كركــوك وأربيــل، شــال العــراق، مــن ديســمبر 2023  الضابطــة في عي
ــا، تضمنــت 45 امــرأة تــم تشــخيصهن  إلى يونيــو 2024. وشــملت الدراســة 90 مشــاركة تــتراوح أعارهــن بــن 18 و 45 عامً
بمتلازمــة تكيــس المبايــض الشــديد بنــاءً عــى المبــادئ التوجيهيــة الدوليــة القائمــة عــى الأدلــة )2023( يقابلهــن عــدد متســاوٍ مــن 
النســاء الســليات كمجموعــة ضابطــة. تــم تقييــم مســتويات الميلاتونــن ومعايــير الإجهــاد التأكســدي والتستوســتيرون والمتغيرات 
الأيضيــة في المصــل باســتخدام اختبــار ELISA )اختبــار الامتــزاز المناعــي المرتبــط بالإنزيــم(، واختبــار التألــق الكيميائــي 
الكهربائــي المناعــي)ELICA( باســتخدام Cobas e411 وعــدد القيــاس اللــوني. في هــذه الدراســة، تــم اســتخدام تحاليــل منحنــى 
ROC ومعامــلات الارتبــاط والإحصــاءات الوصفيــة. كان مســتوى الميلاتونــن في المصــل مختلفًــا إحصائيًــا بــن متلازمــة تكيــس 
المبايــض والمجموعــة الضابطــة )163.31 ± 57.74؛ 290.74 ± 107.74( عــى التــوالي. كان للمتغــيرات الكيميائيــة الحيويــة 
والهرمونيــة والأيضيــة ارتباطــات مهمــة بالميلاتونــن لــدى النســاء المصابــات بمتلازمــة تكيــس المبايــض. قــدرت المســاحة تحــت 
المنحنــى للميلاتونــن ب p( 0.864=0.001(، ممــا يــدل عــى أنــه بالمقارنــة مــع النســاء الســليات، يتمتــع الميلاتونــن بالحساســية 
ــه ارتبــاط كبــير بمتلازمــة  المناســبة للكشــف عــن مــرضى متلازمــة تكيــس المبايــض. تشــير هــذه النتائــج إلى أن الميلاتونــن كان ل

تكيــس المبايــض ويمكــن اســتخدامه كعلامــة حيويــة مفيــدة لمتلازمــة تكيــس المبايــض.
الكلمات المفتاحية: الميلاتونن ، متلازمة تكيس المبايض ، الاجهاد التأكسدي ، هرمون الشحمون الخصوي ، متغيرات الايض.
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Introduction
Polycystic Ovary Syndrome (PCOS) 

is the most common endocrine disorder, 
affecting roughly 6-15% of females in 
their reproductive age between 15-45 
years globally [1,2]. Based on data 
from the World Health Organization 
(WHO), the prevalence of PCOS var-
ies depending on the community under 
study [3].  It is distinguished by a di-
verse array of clinical manifestations, 
including inconsistent menstrual peri-
ods, elevated androgen levels, hirsut-
ism and the ultrasonographic detection 
of polycystic ovaries [4,5]. In addition, 
two of the last three characteristics 
are included in the Rotterdam criteria, 
which are the most widely used diag-
nostic standards: (a) polycystic ova-
ries, (b) oligo- or an-ovulation, and (c) 
hyperandrogenism [6,7]. The majority 
of patients have metabolic disorders, 
the most important of which are obe-
sity, insulin resistance, increased risk 
of type 2 diabetes, cardiovascular dis-
eases, chronic inflammation, and high 
oxidative stress [8,9,4]. Several inves-
tigations have demonstrated that ox-
idative stress plays a significant role 
in the pathophysiology of PCOS and 

that oxidative circulation indicators are 
higher than normal in PCOS patients 
[10]. These pathophysiologies associ-
ated with PCOS are interrelated with 
each other. The molecular etiology of 
PCOS is still unknown, despite mount-
ing evidence that genetic and envi-
ronmental variables play a role in the 
pathogenesis of PCOS [11].

An imbalance between the body’s 
enzymatic and non-enzymatic antiox-
idant output and oxidant generation is 
known as oxidative stress, resulting 
in excessive levels of reactive oxygen 
species (ROS). Chronic hyperinsulin-
emia, which is believed to be caused 
by insulin resistance, impairs follicular 
growth, changes the gonadal response, 
and impairs ovarian androgen metab-
olism [12]. Insulin resistance has been 
linked to oxidative stress and ROS 
generation. Reactive oxygen species 
generation is elevated in response to 
PCOS, and a number of characteristics 
of PCOS, including as obesity, insulin 
resistance, and androgen excess, may 
exacerbate oxidative stress in these in-
dividuals [13].

Melatonin is a tryptophan deriv-
ative, is the sole hormone that ver-
tebrates’ pineal glands manufacture 
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and secrete, and it plays a role in con-
trolling circadian rhythm. Melatonin 
is involved in several biological func-
tions, namely glycemic status, lipid 
profile, inflammatory parameters and 
anti-oxidative status [14,15]. More-
over, melatonin is a strong antioxidant 
and free radical scavenger that targets 
the mitochondria, preventing oxidative 
stress and lowering reactive oxygen 
species (ROS) and reactive nitrogen 
species (RNS) locally. Melatonin can 
also neutralize free radicals and exert 
reproductive effects, thus improving 
oocyte quality [16,17]. The purpose 
of this study was to assess melatonin 
plasma levels, its correlation, and the 
potential for using it as a PCOS bio-
marker. 

Participants and Methods
Study population
Gynecology Consulting Clinics in 

Erbil Governorate Hospitals, Northern 
Iraq, served as the site of this case-con-
trol study, for the period from Decem-
ber 2023 to June 2024. The study was 
based on dealing with 90 married wom-
en aged 18-45 years, 45 women pa-
tients in a case of severe affected with 
polycystic ovary syndrome were diag-
nosed based on the International Evi-

dence-based Guideline [18]. The di-
agnosis of PCOS was confirmed using 
information from the history, physical 
examination, biochemical tests, and 
ultrasound results. On the other hand, 
45 women joined the healthy group as 
a control group consisting of healthy 
women with regular menstrual cycles 
and normal ovaries as determined by 
ultrasound as well as normal biochem-
ical and clinical examinations and they 
were considered free from PCOS.

Anthropometric evaluation
Baseline characteristics were re-

corded including age, height and 
weight. Body mass index (BMI) was 
calculated as weight/height² (kg/m²). 

Blood samples collection and bio-
chemical variable examination

After advising the participants to 
fast overnight before to the blood 
draw, venous blood collection was car-
ried out early in the morning, between 
8 and 9 AM, then allowing the blood 
in gel tubes to coagulate for 20 min-
utes at room temperature. To avoid los-
ing any analytes, blood samples were 
placed on ice right away and separated 
in a chilled centrifuge. Plasma samples 
were then stored at -20°C. Laboratory 
tests were conducted for both groups 
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to determine the level of melatonin, 
glutathione, catalase, malondialdehyde 
and 8-OHdG by using ELISA kits Elk. 
Biotechnology- China). Insulin level 
was measured using an enzyme-linked 
immunosorbent assay (ELISA) kit 
(Elk. Biotechnology- China). Fasting 
blood sugar (FBS) was measured using 
colorimetric kits (BIO LABO, France). 
Testosterone and luteinizing plasma 
levels was estimated by Electroche-
miluminescence based immunoassay 
(ELICA) using Cobas e411 instrument 
(Roche, Germany). Insulin resistance 
was measured using the Homeostat-
ic Model Assessment of Insulin Resis-
tance (HOMA-IR) calculation, which 
was FPG (mg/dl) × fasting insulin (μU/
ml)/405.

Statistical analysis
The data have been statistically an-

alyzed using SPSS software version 
27(SPSS, Inc.), Analysis of Variance 
(ANOVA) test was used in order to 
evaluate the significance of variabil-
ity among PCOS women and control 
groups and association among variables 
in the study. The multiple comparisons 
between the means are analyzed by 
Duncan multiple range and post HOC 
test and a value of P<0.05 is statisti-

cally consider significant. The correla-
tions between melatonin and other bio-
chemical parameters were measured 
by Pearson’s correlation tests. Data 
expressed as mean ± SD [19]. To eval-
uate the discriminating between indi-
viduals with and without PCOS, a re-
ceiver operating characteristic (ROC) 
curve analysis was conducted, and the 
area under the curve was computed. If 
p < 0.05, the difference was deemed 
statistically significant.

Results
The present study enrolled 90 wom-

en, with 45 diagnosed with PCOS and 
45 healthy, non-infertile women func-
tioning as a control group. Table (1) 
presents the parameters characteristics 
of the sample of women from both the 
healthy control group and the group di-
agnosed with PCOS. There was a sig-
nificant difference (P>0.05) in the ages 
of the PCOS patients (32.33± 7.24 
years) and the control group (27.96± 
5.61 years).
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However, compared to the control 
group (26.19±3.23 kg/m2), the PCOS 
patients’ BMI (34.62±5.49 kg/m2) 
was considerably higher (p≤0.001). 
PCOS women’s blood melatonin lev-
els were substantially (P≤0.001) lower 
(163.31±57.74 U/mL) than those of the 
healthy control group (290.74±107.74 
U/mL). Furthermore, 8-OHdG and 
MDA level were significantly (p≤0.001) 
elevated in the serum of PCOS women 
(0.75±0.27 nmol/ml; 5.85±.49 ng/mL) 
in comparison with control (0.34±0.11 
nmol/ml; 2.65±.35 ng/mL) respective-
ly. On the other hand, GSH and CAT 
(0.12±0.14 ng/ml; 326.66 pg/mL) 
were decreased significantly (p≤0.001) 

compared with control (0.20 ±0.13 ng/
ml;551.58 pg/mL) respectively. Testos-
terone and LH levels were increased 
significantly (p≤0.05) in PCOS wom-
en (0.58±0.64 ng/mL; 10.64± 6.51 
mlU/ml) compared with control group 
(0.35±0.19 ng/mL; 8.40± 3.41 mlU/ml) 
respectively. The results revealed con-
siderable disparities in the level of in-
sulin, HOMA-IR and FBG parameters 
(p≤0.001) in PCOS group (16.91±5.94 
µU/ml; 9.7±4.25;123.11±16.69 mg/
dl) compared to control (10.44±3.41 
µU/ml; 9.7±4.25; 91.36±6.10 mg/
dl) respectively. Figure (1) shows the 
correlation data between melatonin 
and parameters involved. Except HO-

Table (1) Parameters characteristics of the study population

Parameters Control PCOS p.value
Age years 27.96±5.61 32.33±7.24 ≤0.05
BMI kg/m2 26.19±3.23 34.62±5.49 ≤0.001

Melatonin U/mL 290.74±107.74 163.31±57.74 ≤0.001
8-OHdG nmol/ml 0.34±0.11 0.75±0.27 ≤0.001

MDA ng/mL 2.65±.35 5.85±.49 ≤0.001
Testost. ng/mL 0.35±0.19 0.58±0.64 ≤0.05
Insulin µU/ml 10.44±3.41 16.91±5.94 ≤0.001

FBG mg/dl 91.36 ±6.10 123.11±16.69 ≤0.001
GSH ng/ml 0.20 ±0.13 0.12±0.14 ≤0.05
CAT pg/mL 551.58 ± 83.37pg/mL 326.66± 60.58 pg/mL ≤0.001

HOM-IR 2.46±0.81 9.7±4.25 ≤0.001
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MA-IR, the findings showed a signifi-
cant inverse relationship between BMI 
and plasma melatonin level (-0.461, 
p=0.001), MDA (-0.383, p=0.009), 
8-OHdG (-0.463, p=0.001), Testoster-
one (-0.451, p=0.002), LH (-0.298, 

p=0.047), and metabolic parame-
ters, Insulin (-0.362, p=0.015), FBG 
(-0.450, p=002). In return, a significant 
positive correlation with GSH (0.383, 
p=0.009) and CAT (0.493, p=0.001).

Figure (1) Correlations of plasma melatonin levels with study parameters

To investigate the effectiveness of 
melatonin level as biomarker for pre-
dicting PCOS, in this performed ROC 
analyses in PCOS patients, melatonin 
exhibited an appropriate diagnostic ef-
ficacy. Melatonin’s cutoff value of 
198.62 ng/L had a suitable sensitivity 
(0.756) and specificity (0.756), accord-

ing to ROC curve analysis. The area 
under curve 0.864 (95% CI) was 0.895 
(0.518 to 0.764), p = 0.001 (Fig 2).
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Discussion
There are two main sources of mel-

atonin production, the first in the pi-
neal gland with a rhythm production 
into the blood and cerebrospinal fluid, 
and the second is constituting the bulk 
produced from several tissues, its ac-
tion is in determining redox homeo-
stasis [14]. In the present study, we 
measured the concentration of plasma 
melatonin of PCOS and controls. In 
addition, correlations between mel-
atonin and serum hormones, meta-
bolic and oxidative stress parameters 
were analyzed. Our results showed a 

significant decrease (p≤0.001) in the 
level of melatonin in PCOS women 
as compared with control that were 
(163.31±57.74, 290.74± 107.74) U/
ml respectively. These results consist-
ed with [20,21]. Melatonin is normally 
synthesized in the ovary, as both mel-
atonin synthesizing enzymes AANAT 
(arylalkyl amine Nacetyltransferase) 
and HIOMT (hydroxy indoleOmethyl 
transferase) are present in ovarian tis-
sue [22]. The decreased plasma mel-
atonin levels are due to the decreased 
level of its synthesis in the ovary or 
its depletion caused by vital role as an 

Figure (2): ROC curve of melatonin for diagnosing women PCOS
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antioxidant to reduce the formation of 
free radicals and their end-products 
such as lipid peroxidation and other as-
sociated complications in women with 
PCOS. Li et al., [20] showed a lower 
concentration of melatonin in the ovar-
ian microenvironment of women with 
PCOS than that of healthy women. In 
addition, Brzezinski et al., [23] showed 
that the concentration of melatonin in 
follicular fluid is positively correlated 
with serum. Therefore, the decreased 
serum concentration is related to the 
decreased melatonin in follicular fluid 
through its role as a free radical scav-
enger to reduce oxidative stress in local 
tissues, in order to support follicular 
growth by stabilizing the local ovari-
an microenvironment [24,25]. Oxida-
tive stress has been previously inves-
tigated in women  with PCOS, with 
studies showing increased lipid per-
oxidation, xanthine oxidase and per-
oxynitrites, while decreased enzymatic 
and non-enzymatic antioxidants were 
observed [26,27] which is in line with 
the current study’s findings (Table 1). 
By raising mRNA levels and GSH re-
ductase as well as the activity of many 
antioxidant enzymes, including gluta-
thione peroxidase (GPx), catalase, and 

superoxide dismutase (SOD), mela-
tonin indirectly activates the body’s 
antioxidant defense mechanism, which 
catalyze the conversion of O2 to H2O2 
[28,29]. Assessing these enzymes aids 
in confirming melatonin’s antioxidant 
benefits in cells. Additionally, mela-
tonin consumption has been linked to 
lower MDA levels, an indirect sign of 
elevated ROS generation in cells and 
a persistent byproduct of lipid oxida-
tion. Therefore, the administration of 
melatonin influences the reduction of 
cell death and lipid and peroxide lev-
els [30]. In this study, the results of the 
correlations between melatonin and 
oxidative stress variables proved a sig-
nificant negative correlation with an-
tioxidants such as GSH and CAT and 
a significant positive correlation with 
MDA and 8-OHdG, which indicates 
the role of oxidative stress as a cause 
of the PCOS and the role of melatonin 
in suppressing the generation of ROS 
resulting from the increased level of 
metabolic variables and androgens in 
PCOS women, which is what the re-
sults of the study indicated. The pres-
ent study showed an increase in BMI 
in women with PCOS, which was indi-
cated in previous studies [31,32], and 
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that it is negatively and significantly 
associated with plasma melatonin con-
centration (Fig.2). Women with PCOS, 
which have a high BMI, showed also 
an increasing in the level of testoster-
one and luteinizing hormone which 
correlates negatively with plasma mel-
atonin level. Additionally, increasing 
body mass index (BMI) and abdomi-
nal fat distribution linearly increase the 
risk of type 2 diabetes due to changes 
in adipose tissue biology that link obe-
sity to insulin resistance and beta cell 
dysfunction. Our study results showed 
a significant increasing in insulin, in-
sulin resistance and FBG in PCOS 
women compared to healthy control 
consisting with several studies [33,34]. 
Besides the BMI, PCOS women were 
had a negatively correlation between 
melatonin and insulin and FBG. Thus, 
melatonin deficiency appears to have 
broad implications for the pathophys-
iology of PCOS, and women with 
PCOS are often sub-fertile secondary 
to ovulatory dysfunction, impaired 
quality of oocyte, and low endometrial 
receptivity [35].  

Studies have suggested that mela-
tonin may play an important role in the 
pathogenesis of PCOS and premature 

ovarian degeneration through its an-
tioxidant role and may be associated 
with follicle development and oocyte 
quality, interfering with processes such 
as oocyte maturation and ovulation 
[16]. Melatonin has been found to ex-
ert neuroendocrine control experimen-
tally by directly affecting GnRH cells 
in the hypothalamus either by reducing 
gene expression or by regulating G pro-
tein-coupled melatonin receptors [36]. 
High levels of melatonin suppress the 
GnRH pulse in the hypothalamus, caus-
ing a series of changes in reproductive 
function. There is also a direct effect on 
the pituitary gland to suppress the se-
cretion of LH and FSH [37]. Thus, this 
finding suggests that low melatonin 
levels are associated with increased 
levels of both LH and FSH as shown 
in the study results (Table 1; Fig. 1). In 
contrast, the study by [32,37] showed 
that melatonin treatment improves the 
status of women with PCOS, decreases 
the pro-inflammatory condition, low-
ers obesity, boosts the quantity of ma-
ture eggs, and improves the quality of 
eggs and embryos.

Numerous studies have shown that 
melatonin lowers obesity, improves the 
proinflammatory state that drives the 
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development of metabolic variables 
like insulin and FBG, and restores ad-
ipokine patterns [21]. Together, these 
results suggest that melatonin may be 
useful in the treatment of PCOS pa-
tients because of its aromatase-modu-
lating properties, ability to reduce he-
patic gluconeogenesis, amelioration of 
the pro-inflammatory state associated 
with PCOS, enhancement of peripheral 
tissue glucose uptake, and consequent 
decrease in insulin levels. In addition, 
As illustrated in fig (2), our findings re-
garding ROC curve analysis indicated 
that melatonin can be utilized as a suit-
able sensitive biomarker in the diagno-
sis of PCOS. 

In conclusion, Obesity was seen in 
women with PCOS who participated 
in this investigation, elevated levels of 
testosterone and luteinizing hormone, 
metabolic abnormalities, and oxidative 
stress, indicating disturbances in sev-
eral organ systems. The present study 
also demonstrated that melatonin has 
excellent sensitivity and appropriate-
ness in diagnosing PCOS. Therefore, 
based on its data, the study suggests 
the use of melatonin to normalize the 
studied basic parameters of the syn-
drome in women.
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