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Correlation between melatonin and vitamin D3
deficiency in Iragi female patients with polycystic
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Polycystic ovary syndrome (PCOS) is the most common hyperandrogenic disorder in women and one of the leading
causes of anovulatory infertility. Depletion of vital hormones in the organism, such as in the case of PCOS, has been
identified as one factor contributing to poor pregnancy outcomes and associated issues in women. Vitamin D level in
PCOS patients regulates fertility through membrane-bound receptors in oocytes, regulating luteinizing hormone (LH),
and progesterone surges.

The objective. To examine the correlation between melatonin and vitamin D3 deficiency in Iraqi pregnant women with
PCOS under the age of 40.

Material and methods. Two hundred women were recruited for the study and divided into two groups: patients with PCOS
(n=100) and healthy females without PCOS (n=100). All participants were administered medical questionnaires, and
their body mass index (BMI) was determined. Blood samples from participants were obtained for biochemical analysis to
assess follicle-stimulating hormone (FSH), luteinizing hormone (LH), anti-Miillerian hormone (AMH), melatonin, and
vitamin D levels.

Results. The results revealed that 65% of PCOS patients were between 20 and 30 years old and healthy control persons
did not show any variations based on age. Patients with PCOS had significantly (p<0.001) higher levels of LH and FSH
(1.98%0.07 nmol/mL and 11.15%0.25 mIU/L, respectively) compared with healthy controls (1.06+0.02 nmol/mL and
6.67+0.25 mIU/L, respectively).

The PCOS group had significantly (p<0.01) reduced mean vitamin D3 level related to the control group. There was no
significant correlation between vitamin D3 and melatonin levels in the PCOS group.

The study showed that BMI was significantly higher in women with PCOS compared to healthy women. The study also
found a positive relationship between BMI and AMH concentration, as well as between FSH and vitamin D3 levels in
women with PCOS. However, there was no association between vitamin D3 and melatonin or BMI.

Conclusion: The study found that D3 deficiency is a significant component in female PCOS patients that might be a new
biomarker for PCOS in Iraqi women.
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Kopensguia mix gediuntom menatoHiHy Ta BitTamiHy D3 y nauieHTOK i3 CUHAPOMOM NMOAiKICTO3HUX
sfiE4HUKiB B Ipaky
E. J. Jamel

Cunzapowm nodtikicroznux seunukis (CITKA) € naiinommpeninmm rinepas/iporeHHUM PO3JIaJIoM Y SKiHOK i O/IHi€I0 3 0CHOBHUX
npuYnH Ge3ILIIIIsL, TOB’SI3aHOT0 3 AHOBYJIstIi€l0. HepocTaTHICTh SKUTTEBO BAKIMBUX TOPMOHIB B OPraHi3Mi, sika Bi/il3HAYAETHCS
npu CITKSI, BUusHaueHo sik 0[1H i3 (haKTOPIB, 110 3yMOBJIIOE HETAaTUBHI PE3yJIbTaTH BariTHOCTI Ta 110B’sI3aHi i3 1uM 11pobsieMu
y skinok. Pisenp Bitaminy D y naiientok i3 CIIKS peryiioe dbeprusibHicTh yepe3 MeMOPaHO3B si3aHi PEIENTOPU B OOIUTAX,
peryJooun piBeHb moTeiHizyiodoro ropmony (JIT) i migBuieHHs BMicTy TIporecTepomy.

Mema docaidcenns: BUBUECHHS KOPEJISIIT Mix MesaToniHoM i nedirurom Bitaminy D3 y skinok i3 CITKS Bikom 10 40 poxis
B Ipaky.

Mamepianu ma memoou. Y nocripxenns ysifiuim 200 kiHok, ski Oysnu posnogineni Ha asi rpynu: nauientkn 3 CITKS
(n=100) i 3noposi xkinku 6e3 CIIKS (kontposibHa rpyna, n=100). B ycix yyacHUIb AOCHIUKEHHSI TPOBEAEHO MeIUUYHE
AHKeTYBaHHS Ta BU3HaueHo ingeke Macu Tisa (IMT). Y kposi Bu3Hauasm KonueHTpartii ¢ho1ikyI0CTUMYI0BATBHOTO TOPMOHY
(DOCT), JIT, antumiosiepoBa ropmony (AMTI), menatoniny Ta Bitaminy D3.

Pesyavmamu. Y cranosJieHo, 110 65% nanienrok i3 CITKS 6yau y Biui Bia 20 10 30 pokis, 110 He Bifipi3HAIOCH BiJl BIKOBIX
nokasHukiB 310poBux xkiHok. Tlamientkn 3 CITKS manu 3Hauno (p<0,001) suuti pisui JIT i @CT (1,98+0,07 Hmosb/ Mt i
11,15£0,25 MMO /71 BizmoBiaHo) mopiBHsAHO 3i 3M0poBuMu ocobamu (1,06+0,02 amons/mi i 6,67£0,25 MM O /71 BifmoBinHo).
I'pyna namientoxk i3 CITKA mana snauno (p<0,01) sHmkeny cepeiHio KOHIIEHTpaIliio Bitaminy D3 OPiBHIHO 3 KOHTPOJIBHOTO
rpynioo. He 6yi10 cyTreBoi kopesiii Mix piBusmu Bitaminy D3 i mesatoniny y rpymni CITK.

Jocaimkenns mpogeMoHcTpyBaso, mo IMT 6ys sHauno suiuii y skinok i3 CIIKSI nopiBHAHO 3i 310pOBUME JKiHKaMU.
BusiBieno takox nosutuBHAi 38’5130k Mixk IMT ta piBasimu AMT, a takox mix piBassmun OCT i Bitaminy D3 y kiHOK i3
CIIK4. Onnax 38’s13Ky Mizk BMicToM Bitaminy D3 i menatoniny abo IMT He BusiBIIeHo.

Bucnosxu. Orxe, ycranosieno, mo gedimur D3 € Baxausum nokasuukom y nanienTok 3 CITKS, sxuii Moke O6yTH HOBUM
Giomapkepom CITKS B ipakChbKUX KiHOK.

Kmouoei cnosa: cunopom norikicmosnux acunuxie, gimamin D3, anmumionnepie 20pmon, Meiamoni.
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Polycystic ovarian syndrome (PCOS) is a common
gynaecological illness that mostly affects women and
is connected with a variety of chronic health issues. The
dangers include hyperandrogenemia, insulin resistance,
and obesity, which may have an impact on both pregnancy
outcomes and the woman’s long-term health. An earlier
search strategy revealed a clear relationship between obe-
sity, PCOS, and long-term risks for type 2 diabetes [1].

PCOS is highly prevalent obesity-related comorbid-
ity, that develops in girls and women who are genetically
predisposed to its development. PCOS affects between
6—10% of reproductive-age women and often develops in
young woman less than 40 [2-5].

While vitamin D insufficiency affects around 67-85% of
people with PCOS condition [6]. Vitamin D is required for the
maintenance and management of calcium levels in the body,
thus, a lack of it raises the risk of developing several chronic
diseases. Vitamins are fat-soluble hormones that regulate
calcium levels and bone mineralization. Vitamin D exhibits
remarkable metabolic and physiological properties. Humans
rely on endogenous syntheses, activated by ultraviolet light
exposure, to provide approximately 90% of the vitamin D (D2
and D3) required for human metabolic activities [7].

Obesity, PCOS, and pregnancy increase the need for vi-
tamin D. Therefore, vitamin D insufficiency is more common
in these populations and may be more severe than in healthy
people [8]. Vitamin D receptors are found in both male and
female reproductive tissues, cells, and organs, supporting the
notion that vitamin D increases fertility. Men’s testes, hypo-
physis, ovaries, endometrium, granulosa cells, placenta, de-
cidua, and spermatogenesis cells all have vitamin D receptors.

Vitamin D receptors are not only in the gut [9], but
have been found in the hypothalamic Pit-1 gene promoter.
Pit-1 has a role in the development of the front of the pi-
tuitary gland and regulates growth hormone and prolac-
tin gene activity. The pituitary gland regulates luteinizing
hormone (LH), follicle-stimulating hormone (FSH) re-
ceptor, and other ovarian steroid hormone (progesterone,
oestradiol, and oestrone) gene expression, as well as fol-
licular maturation and selection. All these are the down-
stream effects of vitamin D [6], according to human and
animal studies [10]. Seasonal fluctuations alter vitamin D
and anti-MUllerian hormone (AMH) levels, both of which
are markers of ovarian reserve. Winter AMH levels are
18% lower than summer levels [11].

The extent of the decrease in AMH levels reflects the
change in pretreatment AMH and vitamin D levels due
to the effect of various drugs and treatments on ovarian
reserve. Studies have shown that treatments such as oral
contraceptives and metformin can lead to a significant re-
duction in AMH levels [12]. In addition, follicular fluid
composition, influenced by vitamin D levels, can affect

Table 1
The body mass index range

BMI levels (kg/m?) Range

18.5t024.9 Normal weight
25.0t029.9 Over-weight
30 or more Obesity

BMI: body mass index.
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AMH levels in infertile patients undergoing controlled
ovarian hyperstimulation for in vitro fertilization [13].

Therefore, the present study aimed to investigate the
potential risk associated with the correlation between me-
latonin and vitamin D deficiency in Iraqi pregnant women
under 40 years old with PCOS.

MATERIALS AND METHODS

The study recruited Iraqi women under the age of 40
at the International Hospital in Baghdad/ Iraq between
February and December 2022. Two hundred women were
recruited for the study and divided into two groups: PCOS
female patients (N = 100) and healthy control females
without PCOS (N = 100) who were included in the con-
trol group. (N means number of participants). Polycystic
Ovary Syndrome was diagnosed based on the Rotterdam
criteria of 2017, which require at least two of the following
criteria: irregular ovulation, hyperandrogenism (clinically
or biochemically), and polycystic ovaries as seen on ultra-
sound (14). The duration of Polycystic Ovary Syndrome
in the patient group ranged from 1 to 5 years.

The study excluded healthy control subjects with a
positive PCOS family history and excessive hair appear-
ance. All participants provided informed consent before
completing a medical questionnaire. An aliquot of 5 mL
of blood was drawn from the patient’s veins and deposited
in a centrifuge tube. After coagulation, serum was isolated
from the clotted blood cells by centrifugation at 5,000 rpm
for 10 minutes. Before processing, the serum was cooled
[15]. The blood samples were subjected to biochemical
analysis to determine the levels of biochemical markers.

Serum hormone levels were measured using an automat-
ed Mini VIDAS device by applying serum samples to the de-
vice and then automatically processing them for 15 minutes.
The study also estimated the body mass index (BMI). The
following formula was used to compute female patients’ BMI
from estimated weight, and height. Following the World
Health Organization’s recommendation, BMI was calcu-
lated by dividing individuals’ weight in kilograms by their
height in meters squared [16], as depicted in Table 1.

Human melatonin levels were estimated using the en-
zyme-linked immunosorbent assay (ELISA). The procedure
was carried out as described in reference [17]. Diluted stand-
ard, blank, and sample wells were prepared. There were eight
wells in total: seven for the test solutions and one empty. An
aliquot of 100 uL standard working solution and samples were
introduced into each well. Plate sealant was used to seal each
plate. The mixture was incubated at 37 °C for 80 minutes.
Each well was subjected to water extraction. The aspirated
solution was washed in each well for 1—2 minutes with 200 pL
of a stronger wash solution. The plate was then placed on ab-
sorbent paper to remove any remaining liquid from the wells.
A thorough cleaning process was performed three times. After
the last washing step, any residual wash buffer was aspirated or
decanted, and the plate was dried by blotting,

The plate was gently flipped and tapped in the op-
posite direction with a fresh, absorbent paper. The wells
were then rinsed five times with 300 pL of wash buffer
before being sealed with the plate sealer. Each well was
then filled with 100 pL of biotinylated-antibody working
solution and incubated for 50 minutes at 37 °C.
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The solution was then removed and washed three times,
as previously mentioned. An aliquot of 100 uL of streptavidin-
HRP working solution was added to each well. The plate was
covered and incubated at 37 °C for 50 minutes. Then it was aspi-
rated and washed five times. All wells were treated with 90 mL
of TMB (3,3,5,5-Tetramethylbenzidine) substrate solution. A
fresh plate sealer was pre-warmed at 37 °C for 20 minutes.

This caused the TMB substrate solution liquid to appear
blue. Fifteen minutes later, the optical density (OD) was
measured with a microplate reader at 450 nm wavelength. An
aliquot of 50 uL of stop solution was added to each well until
the solution turned yellow. The plate side was gently tapped to
mix the liquid. TMB substrate solution and stop reagent were
added to the well sequentially. The bottom of the plate was
then wiped and cleaned so that the water droplets and finger-
prints did not leave bubbles in the liquid. For calculations re-
lating to the ELISA procedure, a reader device (human compa-
ny/Germany) was used for the estimation of absorbance (abs),
concentration (conc.), linear equations, and cut-off values.

The competition principle was employed in the present in-
vestigation to determine vitamin D levels. The procedure in-
volved three incubation steps [17]. Reagents 1 and 2 were used
to dissolve 25-hydroxyvitamin D from the VDBP (Vitamin D
binding protein) in a pretreatment step of a 20 mL sample. The
preparation was incubated. Then, a pretreatment sample was
added to the ruthenylated VDBP conjugate, which led to a
chemical reaction during the second incubation.

An antibody against 25-dihydroxyvitamin D can bind
to the sample and react in the absence of an antibody. In
the third incubation step, unbound ruthenylated vitamin
D binding proteins compete with stabilized streptavidin-
coated microparticles and biotin-tagged 25-hydroxyvita-
min D for binding to the solid phase turntable (streptavi-
din/biotin) in the presence of 25-hydroxyvitamin D. The
reactant mixture was introduced into the measurement
chamber. Minuscule foreign granules were arranged in
place by the magnetic force of the electrode.

ProCell/ProCell M is an extractor with powerful ex-
traction technology that can produce a wide range of com-
pounds without restriction. A photomultiplier was used to
detect chemiluminescence from electrodes at a potential.

The Statistical Analysis System program was used to
analyze all the data, and the data were expressed as mean
+ SD. Significant statistical comparisons between groups
were identified using the t-test, with a p-value of <0.01 or
0.05, indicating significance.

RESULTS AND DISCUSSION
Table 2 shows the demographic distribution of the
study groups. The results revealed that 65% of PCOS pa-

tients were between the ages of 20 and 30. Also, 60% of
PCOS patients had a positive family history, and 70% had
excessive or heavy hair. Healthy control groups did not
show any variations based on age. Most PCOS patients
were under 40 years old (65%), had a positive family his-
tory (60%), and had hirsutism (70%). As a result, PCOS is
most likely caused by the complicated interactions of vari-
ous factors, including age and family history. Women with
PCOS are more likely to acquire unattractive facial hair.

Polycystic ovarian syndrome is characterized by a vari-
ety of symptoms, including hormonal imbalance, the pres-
ence of ovarian cysts, irregular menstrual cycles, hormonal
acne, insulin resistance, infertility, excess body hair, and
hair loss. This is because it raises the levels of androgen
hormones, which induce these symptoms and considered
as common causes of infertility [18, 19]. The PCOS group
had significantly (p<0.01) reduced mean vitamin D levels
compared to the control group (Table 4). Another study
found that 93.1% of PCOS patients had low serum vita-
min D levels (<20 ng/mL) compared to healthy control
groups, which was consistent with previous findings [20].

The study also discovered a significant increase in blood
LH levels and a drop in serum FSH levels in PCOS patients
compared with healthy female controls. Women with PCOS
suffer abnormalities in the intact gonadotropin axis, which ap-
pear to result in increased LH secretion and decreased FSH se-
cretion [21]. While other studies showed that there is a higher
serum vitamin D level in the control group than in PCOS pa-
tients, which was statistically significant (P<0.001) [22].

A statistical study utilizing the student’s T-test re-
vealed that BMI among PCOS participants was signifi-
cantly (p<0.01) higher than the control group of healthy
adults. When considering fertility in women with PCOS,
one of the most essential characteristics to consider is
BMI. The study also found no correlation between BMI
and both LH and FSH. These findings of agreed with
recent studies which showed that moderate or less sig-
nificant correlational relationships between BMI and the
LH/FSH ratio. It has also been discovered that BMI is
inversely correlated with FSH in obese women [21].

Furthermore, they reported a higher prevalence of
hirsutism in obese women than in slim women [21]. The
results displayed in Table 3 demonstrated that LH levels
were significantly lower in PCOS patients compared to
healthy female controls. However, the results in Table
3 highlighted a significant (p<0.01) decrease in FSH in
PCOS patients compared to the control group.

Serum vitamin D levels were determined in the pre-
sent study, and the results (Table 4) revealed a significant
(p<0.01) decrease in serum vitamin D levels in PCOS

Table 2

Demographic distribution in patients and healthy control groups

Age Family history Heavy hair appearance
S 20-30yearsold 30-40yearsold Positive Negative Positive Negative
Female with PCOS (n=100) 65 (65.00%) 35 (35.00%) 60 (60.00%) | 40 (40.00%) | 70 (70.00%) | 30 (30.00%)
Healthy female control (n=100) 50 (50.00%) 50 (50.00%) 0(0.00%) | 100(100%) | 0(0.00%) 100 (100%)
Chi-Square: y? (P-value) 0.0419 * 0.0001 ** 0.0001 **

Notes: * — Significant at (p<0.05); ** — Significant at (p<0.01); PCOS: polycystic ovarian syndrome.
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Table 3
Determination of LH, FSH, and AMH hormone level in Iraqi
females with and without polycystic ovarian syndrome

Table 4
Determination of vitamin D, body mass index, and
melatonin hormone in Iraqi female groups with and

groups without polycystic ovarian syndrome
Vitamin D Vitamin D Melatonin BMI
Groups LH pU/ml FSH U/L (ng/dl) Groups (ng/dI) (mg/dI) (kg/m?)
Female Female
with PCOS 1.49+0.04 6.93+6.93 22.82+1.53 with PCOS 22.82+1.53 1.31%£0.20 35.81+6.48
(n=100) (n=100)
Healthy Healthy
female control | 2.20+0.12 8.89+0.18 26.59+0.94 female control | 26.59+0.94 5.39+1.85 32.96%1.72
(n=100) (n=100)
T-test 0.212** 0.293 ** 4.949 ** T-test 4.949 ** 2.658 ** 5.208
(P-value) (0.0001) (0.0001) (0.0001) (P-value) (0.0001) (0.0030) 0.319

Note: ** — Significant at (p<0.01).

patients compared to the control group. Generally, these
findings showed that the levels of AMH in PCOS patients
were not significantly higher than in the control group.
In women with PCOS, the correlation coefficient (R) be-
tween BMI and AMH levels was zero.

Melatonin levels were significantly lower in PCOS pa-
tients than in the control group, with a confidence limit
threshold of <0.01. Localization of melatonin receptors in
particular areas of the ovary and intrafollicular fluid shows
that melatonin might modulate sex hormonal agent secre-
tion during ovarian follicular development. Melatonin acts
as an antioxidant and free radical scavenger, shielding the
follicles from oxidative stress and avoiding apoptosis or
atresia. The process enhances the developmental growth
of the follicles and also assists the ovary in releasing eggs
[24]. Another study also found no significant relationship
between vitamin D and melatonin in women with PCOS.

There was a significant increase (p<0.01) in BMI in
PCOS patients compared to the healthy control group (Ta-
ble 5). The correlation coefficient in PCOS female patients
(Table 4) showed a positive correlation between BMI and
AMH levels, as well as a positive proportional correlation

Note: ** — Significant at (p<0.01).

between FSH and vitamin D. The results also showed that
there was no significant correlation between vitamin D and
melatonin, as well as between vitamin D and BMI.

The correlation coefficient analysis displays a positive
association between vitamin D and FSH in the PCOS
cases, indicating a good fit between two important mark-
ers. It also found a significant increase in vitamin D level
in PCOS women than in age- and BMI-matched control
women [24—27]. It agreed that vitamin D had crucial ef-
fect on PCOS in women [28, 29].

It also demonstrated that vitamin D deficiency in
PCOS women was correlated with metabolic risk factors,
including vitamin D insufficiency, low High-Density Lipo-
protein-C levels, and insulin resistance independent of obe-
sity measures [30, 31]. Thus, it can be inferred that vitamin
D deficiency is more prevalent in both ethnic groups.

CONCLUSIONS
Younger women and those with a family history are more
likely to have PCOS. Many PCOS patients experience hir-
sutism. The study found that PCOS women have significantly
lower vitamin D levels than healthy women. Vitamin D de-

Table 5

Correlation coefficient between difference variables in patient groups

Vitamin D BMI Melatonin
Female with PCOS FSHU/L LH pU/ml AMH ng/ml
/ ) 2 (ng/dl) (kg/m?) (mg/dl)
Pearson - 0.33 ** 0.27 * 0.31* -0.04 NS -0.25NS
FSH U/L Correlation
p-value - 0.0089 0.036 0.0154 0.725 0.0532
Pearson - - -0.16 NS 0.06 NS -0.08 NS 0.02NS
LH pU/ml Correlation
p-value - - 0.201 0.689 0.558 0.987
Pearson - - - 0.12NS 0.27* -0.16 NS
AMH ng/ml Correlation
p-value - - - 0.334 0.036 0.201
Pearson
Vitamin D Correlation - - - - 0.02NS 0.06 NS
dl
(ng/dl) p-value - - - - 0.987 0.689
Pearson
kBMI2 Correlation . . . . . -0.08NS
(kg/m?) p-value - - - - - 0.558
Notes: * - Correlation is significant at the 0.05 level (2-tailed); ** — Correlation is significant at the 0.01 level (2-tailed).
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ficiency may contribute to PCOS in people of all ethnicities.
Patients with PCOS have elevated LH and low FSH. Infertil-
ity, ovarian cysts, and irregular menstruation can arise from
PCOS hormone abnormalities. A positive correlation was
found between vitamin D and FSH in PCOS patients. Mela-
tonin and vitamin D were unrelated in PCOS women.
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