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Abstract
Background: Polycystic ovary syndrome (PCOS) is commonest endocrine disease
occurring in women of reproductive age. This study conducted to clarify altered con-
centrations of Nesfatin-1, nicotinamide adenine dinucleotide phosphate (NADPH),
and dopamine in PCOS women and controls. Also, to assess their role in PCOS
pathophysiology and their correlation with measured biochemical parameters.
Methods: In this observational study, 60 PCOS patients and 24 controls included.
Medical history was recorded and full examinations were done. Serum concentra-
tions of lipid profile, fasting blood glucose (FBG), fasting insulin (FSI), luteinizing
hormone (LH), follicle stimulating hormone (FSH), prolactin, testosterone, proges-
terone, estradiol, Nesfatin-1, dopamine, and NADPH were measured by ELISA Kits.
Values were analyzed using unpaired t-test and Pearson Chi-square test. The p<0.05
was considered statistically significant.
Results: In this study, there was significantly elevated waist hip ratio (WHR) and
body mass index (BMI) in PCOS patients versus controls (p<0.0001 and p=0.014).
There was significant increase in FSH, LH, prolactin, estradiol, testosterone, Nesfat-
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Introduction

olycystic ovary syndrome (PCOS) is the female population. It is characterized by hyper-
commonest endocrine disorder of women at androgenemia, irregular ovulation, and decreased
reproductive age occurring among 5-15% of fertility and is associated with metabolic disorders
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such as hyperinsulinemia, Insulin Resistance (IR),
obesity, and chronic low-grade inflammation (1).
Till now, PCOS pathophysiology is unclear. Spe-
cific genetic patterns that affect the formation,
regulation, and actions of sex hormones and insu-
lin receptors seem to contribute to disease pro-
gression (2).

Nesfatin-1 is a newly detected peptide that origi-
nates from nucleobindin-2 (NUCB-2) precursors.
It is primarily found in the central nervous system
(CNS) (as cerebral cortex and hypothalamus) and
then expressed in peripheral systems (pancreas,
pituitary gland, adipose tissue, and gastrointestinal
system) (3). Nesfatin-1 and its binding locations
are expressed in reproductive organs of males (4)
and females (5). Nesfatin-1 plays an essential role
in regulating food intake, gastrointestinal motili-
ty, glucose homeostasis, arterial blood pressure,
stress, and reproductive functions (6). In mice, the
interaction of Nesfatin-1 with a putative G-cou-
pled receptor promotes glucose-induced insulin
production by boosting Ca 2* flow via L-type
channels (7). In addition, Nesfatin-1 causes ano-
rexia by reducing the number of meals and leng-
thening the time between meals (8). So, Nesfatin-
1 concentrations in PCOS, which usually coexist
with obesity and IR, were measured in previous
research, and some studies found it to be low (9),
while others found it to be high (10). Aside from
the role of Nesfatin-1 in the metabolic process and
its link to PCQOS, it has been proven that excessive
oxidative stress leads to the destruction of cellular
structures and numerous metabolic activities,
which could be linked to the genesis of a variety
of disorders, including PCOS. Also, oxidative
stress development may have an adverse effect on
oocyte quality and maturation (11). Nicotinamide
is essential for removing cellular reactive oxygen
species (ROS) by peroxidase systems and gluta-
thione reductase as it is needed for glutathione
regeneration as a reducing equivalent. Nicotina-
mide adenine dinucleotide phosphate (NADPH) is
generated from NADP*. The major origin of
NADPH is pentose phosphate pathway and the
enzyme of glucose-6-phosphate dehydrogenase. It
is the most potent intracellular second messenger
for Ca* release, serving as an electron carrier in a
variety of processes by being alternatively oxi-
dized NADP* and reduced NADPH (12). NADPH
provides reducing equivalents for oxidation-
reduction reaction involved in cellular protection
against ROS toxicity, allowing regeneration of
glutathione (GSH) (13). Dopamine (DA) is a cat-
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echolamine neurotransmitter found in the brains
and peripheral organs of many species (14). The
physiological effects of DA are mediated through
interactions with specific DA receptors, which are
G protein-coupled receptor sites; there are five
subtypes of receptors in mammals (15). Unlike
NADPH, DA is a relatively unstable molecule. It
undergoes auto-oxidation, which may attribute to
defects of functions found in PCOS patients via
ROS production, causing apoptosis of granulosa
cells (GCs). Apoptosis is closely related to fol-
licular atresia (16).

The aim of the present study was to identify the
concentrations of Nesfatin-1, NADPH, and dopa-
mine in PCOS infertile women. Also, an attempt
was made to study correlations between their lev-
els with other measured biochemical parameters
in PCOS infertile women and controls.

Methods

Patients and Methods: This observational study
was carried out in the inpatient and outpatient
clinic of Assiut Women Health Hospital, Egypt,
between June 2019 and June 2020. Patients re-
cruited were definitely diagnosed with PCOS
(17). The research was approved by the Institu-
tional Review Board of Assiut University Hospi-
tal, Assiut, Egypt (approval no. 17100712) ac-
cording to the Declaration of Helsinki. Informed
consent was obtained from every participant be-
fore inclusion and after explaining the research
aim to them.

Sample size calculation: Sample size was calcu-
lated based on the primary outcome "difference in
mean Nesfatin-1 concentration between patients
and controls" that was assessed by Deniz et al. (9).
Nesfatin-1 concentration in the control group was
2.22 with standard deviation (SD) of 1.14. Con-
sidering a 50% reduction in mean Nesfatin-1 con-
centration in PCOS patients as significant, a sam-
ple size of 24 women in each group was needed
with alpha error of 0.05 and 95% statistical pow-
er. In this study, 60 women with PCOS were in-
cluded to obtain reliable results.

Subjects: In total, eighty-four women were in-
cluded. Women were subdivided into two groups;
the control group (n=24) included healthy fertile
women recruited from the outpatient clinic of the
aforementioned hospital. Healthy women included
individuals who used no medications and had no
specific manifestations, without any pathology
based upon clinical examination and laboratory
investigations.
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Insight in Pathophysiology of Polycystic Ovary Syndrome

PCOS group (n=60) included women with prov-
en PCOS. Inclusion criteria of PCOS patients
were age more than 18 and less than 40 years.
PCOS diagnosis was based on 2003 ESHRE/
ASRM diagnostic criteria (18). Exclusion criteria
were the age of less than 18 years or more than
40, other endocrinology disorders as thyroid dis-
eases, brain disorders as pituitary or brain masses
or tumors, and chronic disorders as hepatic dis-
ease, renal, and hematologic disorders of patients.
Women who used oral contraceptives, anti-andro-
genic chemicals, glucocorticoids, and anti-obesity
drugs, as well as patients unwilling to participate
in the study were also excluded.

Upon interview of all recruited women before
the examination, their history including age (years),
menarche age, marriage duration, date of last
menstrual cycle, parity, abortions, gravidity, num-
ber of living children, and menstrual cycle regu-
larity, history of previous treatments and comor-
bidities was recorded. Complete general, physical,
and gynecological examinations were made. Meas-
urement of weight (kilograms), height (meters),
waist and hip circumference (centimeters), as well
as vital signs as pulse rate and blood pressure
were measured for all participants.

BMI was calculated. Waist circumference (WC)
was measured midway between iliac crest and
lowermost rib margin utilizing tape at the end of
the normal expiration. Hip circumference (HC)
was estimated around the point with the greatest
circumference over buttocks utilizing tape, with
feet fairly close together (about 12-15 cm apart);
this position ensures equal weight distribution.
Waist hip ratio (WHR) was calculated by dividing
WC by HC.

Methodology: Five ml of overnight fasting venous
blood samples were drawn from cubital vein on
3-5 days of follicular phase from each participant.
The levels of triglyceride (TG) (19), total choles-
terol (TC), and high density lipoprotein cholester-
ol (HDL-C) were evaluated in samples of fasting
venous blood by routine laboratory investigations.
Low density lipoprotein cholesterol (LDL-C) con-
centrations were calculated according to Frie-
dewald equation:

LDL-C=TC-[HDL-C+TG/5)].

Fasting glucose concentration, estradiol, proges-
terone, testosterone, prolactin, FSH, and LH were
determined by routine laboratory investigations.
Enzyme-linked immunosorbent assay (ELISA)
kits were utilized to measure serum concentration

of fasting insulin (FSI) (Sinogeneclon Biotech
Co., China, catalog number #5G-10161), Nesfat-
in-1 (Sinogeneclon Biotech Co., China., catalog
number #SG-13208), dopamine (Elabscience,
USA, catalog number #E-EL-H1231), and nico-
tinamide adenine dinucleotide phosphate (Elab-
science, USA, catalog number #E-EL-H-2221).
Homeostasis model of insulin resistance index
(HOMA-IR) was calculated using the following
equation:

[fasting glucose (mmol/L) X fasting insulin (I U/
ml)/22.5]. Patients were considered to have insu-
lin resistance with HOMA-IR >2.5 (20).

Statistical analysis: Values were analyzed using
SPSS vs. 20 (IBM Corp., USA). Results are pre-
sented as mean+SD or frequency (%) for paramet-
ric and non- parametric tests, respectively. Nor-
mality of data distribution was checked by
Shapiro-Wilk Test. Unpaired student's t-test was
used for parametric values with normal distribu-
tion and Mann-Whitney U test was utilized for
parametric values with abnormal distribution in
order to compare continuous variables between
the two groups. Pearson Chi-square test was ap-
plied for comparing categorical values. Pearson’s
correlation tests were utilized to determine rela-
tions between measured parameters. The p<0.05
was considered statistically significant.

Results

The study results revealed that body weight,
BMI, WC, HC, and WHR (p<0.0001, p<0.0001,
p<0.0001, and p=0.014) were significantly elevat-
ed, while height (p<0.0001) was significantly de-
creased in PCOS group versus controls (Table 1).
There were significant increases in FBG, FSI, and
HOMA-IR in PCOS patients versus controls (p<
0.0001). Values of TC, TG, and LDL-C were ele-
vated, while HDL-C was significantly decreased
in PCOS patients versus controls (p<0.0001 for
all) (Table 2).

Compared with controls, in PCOS patients, there
were significant elevation in serum values of FSH
(p=0.021), LH (p=0.015), prolactin (p<0.0001),
estradiol (p<0.0001), free testosterone (p=0.006),
Nesfatin-1 (p=0.017), and dopamine (p<0.0001),
while there was significant decrease in NADPH
serum concentrations (p<0.0001) (Table 3).

Serum prolactin value revealed significant posi-
tive correlations with BMI (r=0.362, p=0.001),
WHR (r=0.250, p=0.022), FSI (r=0.311, p=0.004),
FSH (r=0.240, p=0.028), LH (r=0.308, p=0.004),
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Table 1. Demographic characteristics of the controls and PCOS

patients

Groups/ Control group  PCOS group
Characteristics (n=24) (n=60) p-value
Age (years) 30.13+3.26 28.42+4.34 0.086
Weight (kg) 67.42+3.39 79.30+11.32  0.0001
Height (m) 1.63+0.03 1.59+0.04 0.0001
BMI (kg/m?) 25.43+1.44 31.32+4.80 0.0001
Waist (cm) 89.31+2.48 98.15+6.81 0.0001
Hip (cm) 112.50+2.84 120.27+4.92  0.0001
WHR (%) 0.80+0.01 0.82+0.04 0.014

PCOS: Polycystic Ovary Syndrome, BMI: Body Mass Index, WHR: Waist
Hip Ratio

Table 2. Biochemical assay in control and the PCOS groups

Control group PCOS group

Variables (n=24) (n=60) p-value
FBG (mmol/l) 5.65+0.54 6.40+0.79 0.0001
FSI (mIu/) 5.05+0.17 5.58+0.64 0.0001
HOMA-IR 1.27+0.12 1.58+0.23 0.0001
TC (mg/dl) 174.38+12.60 230.00+26.14  0.0001
TG (mg/dl) 132.00+16.30  184.35+14.85  0.0001

HDL-C (mg/dI) 55.9948.93 40.38+10.21  0.0001
LDL-C (mg/dl) 100.65+8.48  145.14+27.86  0.0001

PCOS: Polycystic Ovary Syndrome, FBG: Fasting Blood Glucose, FSI:
Fasting Serum Insulin, HOMA-IR: Homeostasis Model Assessment of
Insulin Resistance, TC: Total Cholesterol, TG: Triglyceride, HDL-C:
High Density Lipoprotein Cholesterol, LDL-C: Low Density Lipopro-
tein Cholesterol

Table 3. Hormonal values of the controls and the PCOS groups

Control group  PCOS patients

Variables (n=24) (n=60) p-value
FSH (mIU/ml) 4.52+0.81 5.27£1.49 0.021

LH (mIU/ml) 3.88+0.99 4.73+1.53 0.015

Prolactin (ng/ml) 7.28+£1.92 17.26+6.52 0.000

Progesterone

(ng/ml) 1.32+0.46 1.60+0.82 0.122

Estradiol (pg/ml) 41.03+11.34 61.52+16.75 0.0001
Free testosterone

(nmol/l) 1.06+0.30 1.36+0.49 0.006

Nesfatin-1 (pg/ml)  316.10+59.87 362.37+85.06 0.017

NADPH (ng/ml) 7.24+3.88 4.55+2.05 0.0001

Dopamine (pg/ml) 29.80+9.91 67.92+14.23 0.0001

PCOS: Polycystic Ovary Syndrome, FSH: Follicle Stimulating Hormone,
LH: Luteinizing Hormone, PRL: Prolactin, NADPH: Nicotinamide Ade-
nine Dinucleotide Phosphate.

and estradiol (r=0.545, p<0.0001). Serum testos-
terone revealed significant positive association
with estradiol (r=0.372, p<0.0001). Serum Nesfat-
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in-1 showed significant positive associations with
prolactin (r=0.338, p=0.002) and dopamine (r=
0.407, p<0.000). Serum dopamine had significant
direct correlations with BMI (r=0.395, p<0.0001),
FSI (r=0.265, p=0.015), FSH (r=0.272, p=0.012),
LH (r=0.269, p=0.013), estradiol (r=0.516, p<
0.0001), and prolactin (r=0.542, p<0.0001). Se-
rum NADPH had significant negative associations
with BMI (r=-0.250, p=0.022), FSI (r=-0.224, p=
0.040), estradiol (r=-0.307, p=0.005), and prolactin
(r=-0.281, p=0.010) (Table 4).

Discussion

In the present study, elevated serum Nesfatin-1,
elevated dopamine, and decreased NADPH con-
centrations in PCOS infertile women indicated
that they have a role in PCOS pathophysiology. In
this study, there were significant elevations in
BMI and WHR which are often associated with
obesity especially central obesity in PCOS pa-
tients versus controls. These findings were in line
with Keen et al. (21) and Abdelazim et al.
(22) outcomes who reported that prevalence of
obesity was 27% and 35.5%, and overweight was
53% and 44.5% in PCOS women. Lazurova et al.
(23) reported that significant elevation in BMI and
WC was associated with elevation in serum-free
testosterone and free androgen indices in over-
weight PCOS patients. Moreover, Kirmizi et al.
(24) found that elevated WHR and BMI in PCOS
patients contributed to inflammation and were
independent risk factors affecting sexual dysfunc-
tion.

Furthermore, IR is another problem that may be
found along hyperandrogenism in PCOS cases
which is in agreement with findings reported by
Deniz et al. (9) and Ademoglu et al. (10). The re-
sults of this study revealed higher FBG, FSI, and
HOMA-IR in PCOS patients. IR, found in PCOS
women, could be explained by the decline in he-
patic extraction of insulin that contributed to their
hyperinsulinemia. In muscles, serine phosphoryla-
tion of insulin receptor and of insulin receptor
substrate 1 (IRS1) was elevated leading to defect
in insulin signaling (18). Also, IR and hyperinsu-
linemia might stimulate pituitary reaction to gon-
adotropin releasing hormone (GnRH), culminat-
ing in elevated LHand androgen secretions,
which could disturb normal hypothalamic—pituit-
ary—gonadal (HPG) axis functions (25). Increased
insulin levels are considered as factors- affecting
excessive androgen production in ovary an theca
cells, resulting in follicular atresia and dominant
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Table 4. Correlations between different measured parameters

Parameters Prolactin Testosterone Nesfatin-1 NADPH Dopamine
BMI
r=0.362 r=-0.034 r=0.004 r=-0.250 r=0.395
p=0.001 p=0.761 p=0.970 p=0.022 p<0.0001
WHR
r=0.250 r=-0.118 r=-0.057 r=-0.134 r=0.159
p=0.022 p=0.283 p=0.608 p=0.226 p=0.147
FSI
r=0.311 r=0.082 r=0.118 r=-0.224 r=0.265
p=0.004 p=0.458 p=0.286 p=0.040 p=0.015
HOMA-IR
r=0.182 r=0.130 r=-0.011 r=-0.148 r=0.154
p=0.097 p=0.238 p=0.922 p=0.179 p=0.163
FSH
r=0.240 r=-0.026 r=-0.058 r=-0.125 r=0.272
p=0.028 p=0.817 p=0.600 p=0.258 p=0.012
LH
r=0.308 r=0.212 r=0.103 r=-0.092 r=0.269
p=0.004 p=0.052 p=0.349 p=0.406 p=0.013
Estradiol
r=0.545 r=0.372 r=0.096 r=-0.307 r=0.516
p<0.0001 p<0.0001 p=0.386 p=0.005 p<0.0001
Prolactin
) r=0.204 r=0.338 r=-0.281 r=0.542
p=0.063 p=0.002 p=0.010 p<0.0001
Testosterone
) ) r=0.041 r=-0.186 r=0.141
p=0.708 p=0.091 p=0.200
Nesfatin-1
) i ) r=0.068 r=0.407
p=0.538 p<0.0001
NADPH
. ) ) ) r=-0.213
p=0.052

Data were expressed as correlation coefficient (r) and significance. PCOS: Polycystic Ovary Syndrome,
BMI: Body Mass Index, WHR: Waist Hip Ratio, FSI: Fasting Serum Insulin, HOMA-IR: Homeostasis
Model Assessment of Insulin Resistance, FSH: Follicle Stimulating Hormone, LH: Luteinizing Hormone,

NADPH: Nicotinamide Adenine Dinucleotide Phosphate

follicle selection (26). In hyperandrogenism, folli-
cle growth is arrested, resulting in follicular atre-
sia, and elevated androgen values that led to long-
term insulin resistance (27). Furthermore, Ng et
al. (28) found that obesity and hyperinsulinemia
in PCOS women would further elevate androgen
concentrations through lowering sex hormone
binding globulin concentrations. Genetic change
of melatonin receptor 1B in PCOS may also im-
pair insulin secretion (29).

Furthermore, this study showed a significant el-
evation in serum concentrations of TC, LDL-C,
and TG and a significant decline in HDL-C serum

values in PCOS patients versus controls that indi-
cated abnormal lipid profiles in PCOS patients.
Dyslipidemia is a frequent metabolic issue that
affects up to 70% of PCOS women (30). Kiran-
mayee et al. and Javaid et al. (31, 32) reported
dyslipidemia in PCOS women and attributed the
incidence to hyperandrogenism and IR. Increased
androgen concentrations increased hepatic lipase
(27) activity that breaks down phospholipids on
HDL surface causing conversion of HDL-2 to
smaller denser HDL-3. HDL-3 being a better sub-
strate for liver increases HDL clearance (32). Al-
so, hyperandrogenism decreased LDL-C catabol-
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ic removal (28).

Consistent with findings of Malini and George
(33), the present study revealed significant eleva-
tions in serum concentrations of FSH and LH in
PCOS patients. In partial agreement with the pre-
sent study, Abdelazim et al. (22) showed a signif-
icant increase in LH and an insignificant increase
in FSH and they claimed that GnRH pulse fre-
guency of LH was rapid over GnRH pulses of
FSH because there was a decline in GnRH sensi-
tivity to inhibition by ovarian hormones, particu-
larly progesterone (34).

The current study demonstrated significant ele-
vation in serum values of estradiol and testos-
terone in PCQOS patients. This rising in androgen
concentration could be explained by hyperinsu-
linemia that alters the hypothalamic function lead-
ing to steady elevation in LH level which further
stimulates testosterone and estradiol production as
proposed by Malini and George (33). Further-
more, Nath et al. (35) suggested that combination
of raised values of adrenal androgen and obesity
resulted in increased formation of extra-glandular
estrogen by peripheral aromatization that had di-
rect impact on LH release. Consequently, this in-
creased LH produced hyperplasia of theca cells
and ovarian stroma and elevated androgen for-
mations that provides more substances for aroma-
tization and this vicious circle continues.

The results of this research revealed increase in
serum prolactin concentrations in PCOS women
which is directly associated with BMI, WHR,
fasting insulin, FSH, LH and estradiol indicating
that hyperprolactinemia might contribute to obesi-
ty, IR, hyperinsulinemia, and gonadal dysfunction
in PCOS patients. Hyperprolactinemia was ex-
plained by Bouckenooghe et al. (36) who reported
that macrophages that infiltrated adipose tissue as
a result of inflammation and hyperglycemia found
in PCOS might increase the extrapituitary pool of
prolactin. This hyperprolactinemia has a role in
metabolic disturbance. Andersen and Glintborg
(37) reported that hyperprolactinemia might be
linked with increased risk of metabolic syndrome
and probably become a metabolic risk assessment
tool in PCOS cases. Additionally, Auriemma et al.
(38) reported that prolactin reduced glucose toler-
ance and induced insulin resistance in both non-
obese and obese patients.

The present research revealed elevated serum
value of Nesfatin-1 which was directly associated
with prolactin. The findings of this study were
partially in accordance with results of Ademoglu
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et al. (10) who proposed that elevated Nesfatin-1
value might be related to Nesfatin-1 resistance
due to defect in Nesfatin-1 receptors and post re-
ceptor signaling in target organs. Sahin et al. (17)
suggested that high serum Nesfatin-1 values in
obese subjects and patients with IR might be a
defensive action in comparison to hyperglycemia
and obesity. On the contrary, Deniz et al. (9) re-
vealed the decline of Nesfatin-1 serum concentra-
tions in PCOS patients. These low concentrations
were claimed to be responsible for IR and meta-
bolic syndrome as Nesfatin-1 stimulates glucose
induced insulin secretion by promoting Ca*? in-
flux through L-type channels in mouse islet beta-
cells of pancreas (39). The direct association be-
tween Nesfatin-1 and prolactin demonstrated in
this study might be due to Nesfatin-1 expression
in pituitary gland and its effects on hypothalamic
pituitary gonadal axis at different levels (6).
Konczol et al. (40) reported that Nesfatin-1 co-
localizes with prolactin-releasing peptide produc-
ing neurons, in both adrenal medullary Al and A2
catecholamine cell groups which mediate visceral
sensory information toward hypothalamic para-
ventricular nucleus. Moreover, Konczol et al. (41)
reported that Nesfatin-1 was co-expressed with
prolactin-releasing peptide. Bouckenooghe et al.
(36) reported that adipose tissue (which secretes
Nesfatin-1) also secreted extra-pituitary prolactin
with more secretion in patients with inflamma-
tions and hyperglycemia.

Also, in this study, there were elevated serum
DA concentrations in PCOS patients. DA was
positively associated with BMI, FSH, LH, estra-
diol, Nesfatin-1, and prolactin indicating the asso-
ciation between PCOS and higher sympathetic
activity. These results were in line with the
findings of Saller et al. (42), Musali et al. (43),
and Ferrero et al. (44) who found increased DA
concentrations in follicular fluid of PCOS women
along with increased enzymes levels involved in
DA metabolic breakdown. These higher DA con-
centrations may be in agreement with sympathetic
hyperinnervation of ovary in PCOS (32). The ele-
vated DA concentrations increased free radical’s
production which in turn reduced adenosine tri-
phosphate values and cell viability and were asso-
ciated with impaired oocyte maturation and ferti-
lization, poor embryo quality, and decline in preg-
nancy rates. However, Chaudhari et al. (45) found
decreased DA concentrations along with reduced
dopamine 2 receptors in brain tissues of PCOS
rats. They attributed low DA concentrations to
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the increase in LH concentrations in PCOS.

In this study, there was a decrease in serum
NADPH concentrations that were inversely asso-
ciated with BMI, fasting insulin, estradiol, and
prolactin levels. In PCOS, NADPH oxidation by
NADPH oxidase led to superoxide formation,
ROS generation, and oxidative stress (46). Zuo et
al. (47) suggested that oxidative stress had a role
in IR and obesity among PCOS patients. Moreo-
ver, Nufiez-Calonge et al. (11) reported that re-
duced antioxidant level in PCOS has an adverse
effects on oocyte quality and maturation.

There were some limitations in this study. Small
sample size of PCOS patients is one of them and
larger study populations with PCOS can be select-
ed including obese and non-obese cases. Another
limitation is evaluating only the effects of recep-
tors of Nesfatin-1, dopamine, and nicotinamide
level on the ovaries. In fact, more detailed molec-
ular studies of ovaries and their receptors includ-
ing Nesfatin-1, dopamine, and nicotinamide should
be conducted. Lack of follow-up is the third limi-
tation of this study; a longitudinal study with fol-
low-up of PCOS patients is required to confirm
the role of Nesfatin-1, dopamine, and nicotina-
mide and their correlations with each other in the
PCOS patients.

Conclusion

In conclusion, this study demonstrated that ele-
vated serum Nesfatin-1, dopamine, and decreased
NADPH concentrations have a role in the patho-
genesis of PCOS. Direct association between
Nesfatin-1 and prolactin might indicate the pres-
ence of Nesfatin-1 resistance as a defense mecha-
nism that needs further research. Elevated serum
dopamine concentration could be due to an in-
crease in sympathetic activity in PCOS cases and
its direct association with BMI, gonadotropins,
and prolactin contributed to impaired folliculo-
genesis through ROS production, IR, and obesity.
Moreover, decrease in serum nicotinamide values
in PCOS cases and their inverse associations with
BMI, FSI, and prolactin proved that nicotinamide
could be used in management of PCOS cases via
its effect on reduction of ROS production.
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