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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and Objectives: The study aims to assess the 

levels of Neuregulin 1 (NRG1) in patients with Polycystic Ovary 
Syndrome (PCOS) and to determine the impact of metformin 
treatment on their serum NRG1 levels. PCOS is a common 
endocrine disorder in women of reproductive age, while NRG1 
is linked to regulating inflammation and ovulation.

Methods: The study was conducted on sixty women with PCOS 
and thirty healthy women as the control group. Thirty patients 
completed the follow-up study and continued on metformin 
treatment for three months. The study was a cross-sectional 
study done in Salah Al-Deen general hospital/gynaecology and 
obstetrics department in Tikrit City from November 2022 to 
January 2023. The participants were diagnosed with PCOs based 
on the Rotterdam criteria, and their BMI and insulin resistance 
were measured before and after therapy. Fasting serum NRG1 
was also measured.

Results: The study found that women with PCOS had increased 
levels of fasting blood glucose, insulin, and insulin resistance, 
as well as increased levels of NRG1. However, treatment with 
metformin for three months resulted in a significant decrease in 
body mass index, blood glucose, insulin, and insulin resistance.

Conclusion: NRG1 level decreased significantly after 3 
months of treatment with 850 mg per day with metformin in 
women with PCOS.

Key words. Metformin, PCOS, blood glucose, insulin, 
HOMA-IR, Neuregulin-1.
Introduction.

Polycystic Ovarian Syndrome (PCOS) is a common female 
gynaecological endocrinopathy disorder that affects women 
between the ages of 18 to 45 years. It is estimated that the 
prevalence of this condition ranges from 5% to 15%, depending 
on the diagnostic criteria applied. The root cause of PCOS is not 
yet fully understood, but it is believed that hormonal imbalances 
play a significant role. PCOS is characterized by either 
hyperandrogenism or abnormal gonadotropin secretion and is 
sometimes associated with insulin resistance. Hyperandrogenism 
refers to the presence of excessive levels of male hormones such 
as testosterone in the female body. This can cause symptoms 
such as acne, hair loss, and hirsutism (excessive hair growth 
in unwanted areas). Abnormal gonadotropin secretion refers to 
the disruption of the normal hormonal cycle that regulates the 
menstrual cycle [1-3].

Neuregulin 1 (NRG1) type I, also known as neuregulin, Neu 
differentiation factor (NDF), or acetylcholine receptor inducing 
activity (ARIA), is a protein that plays an important role in 
the development and maintenance of the nervous system. 

NRG1 was first identified as a 44-kD glycoprotein, and since 
then, research has revealed that it is a paracrine, autocrine, 
and juxtacrine signalling peptide that belongs to a family of 
proteins structurally related to epidermal growth factor (EGF). 
NRG1 is involved in a variety of cellular processes, including 
cell proliferation, differentiation, migration, and survival. It 
plays a critical role in the development and maintenance of the 
nervous system, including the formation and maintenance of 
myelin, which is essential for the proper functioning of nerve 
cells. Studies have also shown that NRG1 is involved in the 
development of several neuropsychiatric disorders, including 
schizophrenia and bipolar disorder. It has been suggested that 
NRG1 may be a key factor in the pathophysiology of these 
disorders [4-8].

NRG1 is a protein that is known to be involved in various 
cellular processes such as the growth and differentiation of 
cells, as well as the development of the nervous system. Recent 
studies have suggested that NRG1 may also play a role in 
the regulation of inflammation and immune system response. 
This is particularly relevant in the context of Polycystic Ovary 
Syndrome (PCOS), a common endocrine disorder that affects 
women of reproductive age. Both glucose intolerance and 
hyperinsulinemia have been reported to be the main metabolic 
features of PCOS, and it is believed that the interaction between 
NRG1 and its receptors (ErbBs) may be impaired in insulin-
resistant diseases. Interestingly, insulin and NRG1 have been 
found to have competitive, non-synergistic effects on the liver. 
It has been shown that insulin can decrease NRG1 expression 
and impair its binding to receptors through a PI3K-dependent 
pathway. Additionally, hyperinsulinemia has been found to 
down-regulate ErbB3 receptors, which are specific targets of 
NRG1. These findings suggest that Erb receptors may be a 
possible key factor in insulin hemostasis in PCOS [9-14].
Materials and methods.

Study Design: The study investigated the effects of metformin 
treatment on biochemical markers in patients with PCOS. 90 
subjects were recruited, including 60 patients with PCOS and 30 
controls. Only 30 patients completed the three-month follow-up 
study on metformin treatment, with some unable to complete it 
due to pregnancy, side effects, or lack of communication. The 
diagnosis of PCOS was made based on the Rotterdam criteria, 
which requires the presence of anovulation and clinical and/or 
biochemical hyperandrogenism in patients, following a visit to 
the gynecologist for diagnosis of symptoms related to ovarian 
disease. This includes measuring weight and height, as well as 
gathering information such as age, duration of infertility, and 
number of children.
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Patients with newly diagnosed PCOS were treated with 
metformin pills orally for three months. The diagnosis of PCOS 
was based on the presence of hyperandrogenism and either 
oligo/anovulation or polycystic ovaries as determined by a 
specialist gynaecologist using ultrasound and hormonal tests. 

The study protocol was approved by the Scientific Committee at 
Tikrit University- College of Medicine. The agreement to collect 
samples from patients at Salah al-Din General was approved by 
the Directorate of Salah al-Din Health. Patients were informed 
about the study's purpose, filled out a questionnaire, and signed 
a consent form to participate. 

Blood samples were taken from each subject via vein puncture 
and transferred to a sterilized plain tube. The tube was left to 
clot for 10-15 minutes at room temperature and then centrifuged 
at 3000 rpm for 10 minutes to obtain serum samples. The 
serum samples were then placed into 3 clear dry Eppendorf 
tubes, labelled, and stored at -20°C until analysis. Body Mass 
Index (BMI) is a diagnostic method for measuring obesity in 
a population. The study involves measuring the weight and 
height of each patient and calculating their BMI using a specific 
formula.

BMI = the weight (kilogram or kg) / the height (square meter 
or m2).

Chemicals and reagents: specific chemicals and reagents used 
in a study, including insulin and NRG1 ELISA kit from Cusabio 
Biotech Co., an insulin ELISA kit and C-peptide ELISA kit 
from Demeditec Diagnostics GmbH, and a spectrophotometric 
kit for measuring blood glucose.

The method of measuring insulin resistance using IR indices 
such as HOMA-IR. Subjects with HOMA-IR ≥ 2.5 and 
QUICKI ≤ 0.333 were identified as the insulin-resistant group. The 
calculation of HOMA-IR was based on the provided formula [14].

HOMA= [Fasting insulin (μIU/ml) × Fasting glucose (mg/
dl)]/405.
Results.

In the present study, the patient's profile of PCOS was analyzed, 
and the results were presented in Table 1. The study included 30 
patients, out of which 27 (90%) were married, and 3 (10%) were 
unmarried. It was found that 60% of the patients were from 
rural areas, while 40% were from urban areas. Furthermore, the 
study revealed that 33 patients (41.25%) had a baby, while 47 
patients (58.75%) did not have any children. Additionally, the 
study examined the presence of hirsutism, which is a common 
symptom of PCOS characterized by excessive hair growth on 
the face, chest, and back. The results showed that 16 patients 
(53.33%) had hirsutism, while 14 patients (55%) did not have 
any excessive hair growth.

One of the main symptoms of PCOS is insulin resistance, which 
can lead to an increase in the levels of fasting blood glucose. 
In the present study, women with PCOS and healthy women 
showed a significant difference in the serum levels of fasting 
blood glucose. The PCOS group had a higher level of fasting 
blood glucose (100.8±20.7 mg/dl) compared to the healthy 
group (90.14±18.60 mg/dl). However, the study also found that 
after three months of metformin treatment, the PCOS group 
showed a significant reduction in serum blood glucose levels 
(93±17.9 mg/dl) compared to pre-treatment levels (98.8±20.6 
mg/dl) (Table 2, Figure 1A). 

Table 1. PCOS Patient's demographic profile.

Characteristics PCOS Cases Metformin 
Normal Abnormal

Age 30.57±6.3 30.4±4.7

Marital status Married No % No % No %
27 90 3 11.11 24 88.88

Single 3 10 1 33.33 2 66.66

Residence  Rural 18 60 3 16.66 15 83.33
Urban 12 40 3 25 9 75

Hirsutism
 

Absent 14 46.66 0 0 23 76.66
Present 16 53.33 1 3.33 6 20

Table 2. Demographic characteristics and biochemical results of the 
two groups.

Parameters PCOS
Mean±SD 

Control
Mean 

Age (Years) 30.4±5 29.6±5.5 NS

BMI (kg/m²) 33.4±1.9 28.5± 0.4*

Insulin (mIU/mL) 14.6±3.4 11.1±2.4*

HOMA-IR 3.6± 1.2 2.5±0.54*

NGR1 (ng/mL) 6.6±2.7 4.7±1.9
FSG (mg/dl) 100.8±20 90.2±18
* P<0.05, NS: non-significance

Figure 1. Metformin modulated measured parameters compared. 
Data expressed as mean±SD, *#p<0.05. *significant differences in 
non-metformin-users PCOS patients compared to metformin-users 
PCOS patients. PCOS=polycystic ovarian syndrome, FSG=Fasting 
serum glucose, HOMA-IR=Homeostatic Model Assessment for Insulin 
Resistance, NGR1= Neuregulin-1.

The present study aimed to compare serum insulin levels and 
HOMA-IR (Homeostatic Model Assessment-Insulin Resistance) 
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in PCOS patients and healthy controls, as well as to investigate 
the effect of metformin treatment on insulin resistance. The 
results of the study show that PCOS patients have significantly 
higher serum insulin levels compared to healthy controls. The 
mean serum insulin level in PCOS groups was 14.662±3.3798, 
while it was 11.140±2.3132 in healthy control groups. This 
finding supports the notion of insulin resistance as a hallmark 
feature of PCOS. However, after three months of metformin 
treatment, serum insulin levels significantly decreased in PCOS 
groups. The mean serum insulin level in PCOS groups after 
treatment was 13.200±3.0778, which was significantly lower 
than the pre-treatment level of 16.123±3.0571 (p < 0.05). This 
suggests that metformin treatment can effectively reduce insulin 
resistance in PCOS patients (Table 2, Figure 1B). The study 
also compared HOMA-IR between PCOS patients and healthy 
controls. HOMA-IR is a widely used index for assessing insulin 
resistance. The results of the study show that the mean HOMA-
IR was significantly higher in the PCOS group (3.5710±1.15889) 
compared to the control group (2.5283±0.53879). This finding 
further supports the notion of insulin resistance as a hallmark 
feature of PCOS. However, after three months of metformin 
treatment, the values of HOMA-IR were significantly reduced 
in PCOS groups. The mean HOMA-IR after treatment was 
3.1710±0.87079, which was significantly lower than the pre-
treatment value of 3.9727±1.28194 (p<0.05). This suggests 
that metformin treatment can be effective in reducing insulin 
resistance in PCOS patients, as evidenced by the significant 
reduction in HOMA-IR values (Table 2, Figure 1C). 

The results presented in Table 1 indicate a significant difference 
in the levels of serum NGR1 (ng/mL) between women with 
PCOS and controls. Specifically, the mean serum NGR1 level 
for women with PCOS was 6.5780±2.71658, whereas the mean 
serum NGR1 level for controls was 4.6963±1.88404. This 
difference was statistically significant, as indicated by the P 
value of less than 0.05. Furthermore, after therapy, there were no 
statistically significant decreases in serum NGR1 observed for 
the PCOS group, as the mean serum NGR1 level for this group 
was 6.1800 ±2.16634, which was not significantly different 
from the pre-treatment level of 6.9760±3.16123 (P=0.000) 
(Table 2, Figure 1D).

The study in question aimed to compare the body mass index 
(BMI) of women with polycystic ovary syndrome (PCOS) to 
that of a healthy control group. The results of the study showed 
that the highest mean BMI was recorded in PCOS women 
(33.36±1.89 Kg/m2) in comparison to those of the healthy 
group (28.46 ± 0.39 Kg/m2) (Table 3).

Table 3. Level of BMI in women before and After Treatment.

PCOS women BMI (Kg/m2) P. value
Mean SD

Before treatment 33.36 1.89 P<0.05
SigAfter treatment 31 2.42

Discussion.
Hirsutism is the excessive growth of unwanted hair in areas 

typically associated with male sexual characteristics, such as 

the chest, chin, lower abdomen, buttocks, and thighs. This is 
caused by the effects of androgen on the grease unit and is often 
accompanied by oily skin and acne, which is due to increased 
androgen production from the ovaries [15]. 

The overproduction of androgen in females with PCOS leads 
to skin changes including acne, hirsutism, and androgenic 
alopecia. High concentrations of testosterone contribute to 
symptoms such as hirsutism, acne, and infertility [16]. The 
study found that metformin therapy resulted in a significant 
reduction in hirsutism among women with PCOS, which is 
consistent with previous research [17,18]. 

The study shows that metformin treatment in PCOS patients 
resulted in a significant decrease in mean BMI. Obesity is only 
associated with PCOS and is not a diagnostic criterion. Other 
causes of menstrual disorders and hyperandrogenism should be 
investigated [19].

The correlation between Polycystic Ovary Syndrome (PCOS) 
and higher Body Mass Index (BMI) in women. Several studies 
have been conducted on this subject, including Findakly et 
al. in 2021 [20], and Garzia et al in 2022 [21]. Both studies 
found that women with PCOS had significantly higher BMIs 
than those without the condition. Similarly, Kumar et al in 2022 
[22] reported similar results, further cementing the connection 
between PCOS and higher BMI. Another study conducted by 
Kogure in 2019 [23] found that being overweight or even obese 
is a common feature of PCOS and that these patients were often 
present with perceptual distortions of self-image. This research 
is important because it sheds light on the potential health risks 
associated with PCOS and highlights the need for preventative 
measures and early intervention. By understanding the link 
between PCOS and higher BMI, healthcare professionals can 
better tailor treatment plans to help patients manage their weight 
and reduce the risk of associated health complications. 

The Koiou et al. study [24] aimed to assess the effect of 
metformin on weight loss, as well as other metabolic parameters 
such as testosterone and glucose, in PCOS patients of varying 
weights. The study found that while metformin alone was 
effective in reducing BMI, testosterone, and glucose levels in 
normal-weight PCOS patients after six months of treatment, it 
was not as effective in overweight and obese patients. These 
patients required additional interventions such as the use of 
orlistate® or sibutramine, as well as a low-calorie diet, to achieve 
weight loss. These findings suggest that metformin alone may 
not be enough to achieve weight loss in overweight and obese 
PCOS patients. Instead, a combination of interventions may 
be necessary to achieve significant weight loss and improve 
metabolic parameters. However, it is important to note that the 
study only assessed the effects of these interventions over six 
months. Further studies are needed to determine the long-term 
efficacy and safety of these interventions, as well as to identify 
the most effective combination of treatments for PCOS patients 
of varying weights. Overall, the Koiou et al. study provides 
valuable insights into the complex nature of PCOS, and the 
challenges associated with managing the condition, particularly 
in patients who are overweight or obese. 

The study conducted by Sharma et al in 2019 [25] presented 
results that showed metformin treatment for PCOS during 
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12 weeks did not have a significant effect on BMI despite 
lowering insulin levels. However, there are researchers such 
as Al-Gareeb et al in 2015 [26], who have demonstrated that 
the BMI of women with PCOS were within the normal limit. 
This discrepancy between the two studies could be attributed 
to differences in the sample collection methods. It is important 
to note that research studies can have varying results based 
on the sample size and the selection criteria used. In addition, 
there could be differences in the way the participants were 
monitored during the study, which could have impacted the 
results. Researchers need to acknowledge and address any 
discrepancies in their findings to ensure that the research 
conducted is valid and informative. Despite the disagreement in 
the results, it is still important to continue studying the effects 
of metformin treatment for PCOS and its impact on BMI and 
insulin levels. Further research should be conducted to address 
any discrepancies and to provide more conclusive evidence 
regarding the effectiveness of metformin treatment for PCOS.

The current study focused on the impact of treatment on 
women with PCOS and found that there were significant 
reductions in body weight and BMI after three months. This 
study is consistent with the findings of Patel and Shah in 2014, 
[27] indicating that the results are reliable and valid. The 
researchers suggest that the decrease in orexigenic peptides, 
including neuropeptide Y and agouti-related proteins in the 
hypothalamus, may be responsible for the weight loss observed 
in the study. Metformin, the medication administered to the 
participants, is known to reduce appetite and caloric intake in 
the gastrointestinal tract. Additionally, it alters the adenosine 
monophosphate-activated kinase in the hypothalamus, which 
mediates anorectic effects. As a result, metformin reduces body 
weight, leading to a reduction in body mass. These findings are 
significant because they shed light on the potential efficacy of 
metformin as a treatment option for women with PCOS who 
struggle with weight management. Further research is needed to 
explore the long-term effects of this medication and its potential 
benefits for this population [28].  

The statement "These data are similar to those reported by 
Miller (2013) [29], Diamanti-Kandarakis (2010) [30]., and 
Tokubuchi et al. (2017)[31], implies that the findings presented 
in the current study are consistent with those reported in previous 
studies. However, the statement goes on to mention that there are 
conflicting data on the glucose-lowering effect, particularly in 
women with polycystic ovary syndrome (PCOS). One possible 
explanation for this discrepancy is that the accumulation 
of metformin in the liver is crucial for suppressing hepatic 
glucose production. This process involves inhibiting fructose-
1-6-bisphosphatase and mitochondrial glycerol-3-phosphate 
and activating AMP-activated protein kinase (AMPK). By 
phosphorylating and inhibiting acetyl-CoA carboxylase 
(ACC), AMPK improves insulin sensitivity, which helps lower 
blood glucose levels. Furthermore, metformin may also lower 
blood glucose by altering the gut microbiome and stimulating 
glucagon-like peptide-1 (GLP-1) release in the gastrointestinal 
tract. However, the statement notes that increases in GLP-1 are 
not necessary for metformin-induced glucose lowering. These 
findings suggest that metformin may be an effective treatment 

option for PCOS-related glucose intolerance, but more research 
is needed to fully understand the mechanisms behind its glucose-
lowering effects [32].

The topic at hand is a comparison of two studies on the effects 
of metformin administration on insulin resistance and fasting 
glucose levels in patients with polycystic ovary syndrome 
(PCOS). The first study, conducted by Behradmanesh et al, [33] 
did not confirm any decrease in fasting glucose, fasting insulin, 
or HOMA-IR after six months of metformin administration 
for 45 PCOS patients in Iran's Shiraz city. Insulin resistance 
is a condition in which the body's ability to respond to insulin 
stimulation is impaired, leading to hyperinsulinemia and a 
range of metabolic impacts, including hyperglycemia, elevated 
blood pressure, dyslipidemia, visceral adiposity, chronic 
inflammatory responses, endothelial layer function impairment, 
and dysregulation of the hemostasis balance. The second study, 
which is not explicitly mentioned but is presumably being 
contrasted with the first, may have found different results 
regarding the effects of metformin on PCOS patients. While 
the first study suggests that metformin may not be effective in 
reducing insulin resistance and fasting glucose levels in PCOS 
patients, further research is needed to confirm the findings and 
explore alternative treatments for this condition [34,35]. 

The HOMA-IR test is a fast and cost-effective way to 
estimate insulin resistance, with results comparable to the gold 
standard approach. PCOS can be classified into metabolic and 
reproductive groups based on HOMA-IR values, with metabolic 
PCOS patients being more obese. The top two mechanisms of 
insulin resistance increasing PCOS-free testosterone levels 
are triggered insulin receptors in the pituitary gland releasing 
luteinizing hormone and the inhibition of sex hormone-binding 
globulin synthesis in the liver. Metformin is effective in 
increasing insulin sensitivity and reducing glucose absorption, 
but the mechanisms of insulin resistance in PCOS and 
metformin's actions are still largely unknown [36-41].

One study by Sharma in 2019 [25] showed a decrease in insulin 
levels from 23.6-20.2 μU/mol. Similarly, another study by 
Agarwal et al in 2003 [42] also showed a significant reduction 
in insulin levels from 20.45 to 12.59 μU/mol. Additionally, Liu 
et al in 2019 [43] found that metformin treatment can decrease 
hyperinsulinemia and hyperandrogenemia by improving 
glycolipid metabolism even in normal insulin resistance 
PCOS patients. The study conducted by Santana et al in 2004 
[44] also supports the fact that metformin helps in improving 
insulin resistance and hyperandrogenemia by acting on IGF-
1 and carrier protein. These studies suggest that metformin is 
an effective treatment for reducing insulin levels in the human 
body and can help in managing various conditions such as 
PCOS and hyperandrogenemia. The reduction in insulin levels 
is crucial for maintaining the balance of glucose in the body and 
preventing the onset of diabetes and other related conditions. 
Further research is required to explore the potential of metformin 
in the treatment of such conditions [45].

Recent studies have suggested that the effect of metformin 
on HOMA-IR in PCOS patients is mainly attributed to gut 
microbiome modulation, as metformin is concentrated in the 
intestine. A study by Manal Ibrahim in 2021 [46], showed that 
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metformin can significantly decrease HOMA-IR only in insulin-
resistant PCOS patients. Similarly, Nawrocka and Starczewski 
[47] reported that metformin can significantly decrease HOMA-
IR only in insulin-resistant PCOS patients. Goldenberg et al. 
[48] divided their PCOS population into quintiles according 
to HOMA-IR and compared the bottom and top quintiles 
after one year of intervention with metformin and diet. They 
demonstrated an improvement in menstrual cyclicity in the 
bottom quintile that did not differ from that of the top quintile. 
The finding of elevated PCOS in women with BC in this study 
is consistent with several other studies, like Jie et al. 2012 [49], 
who reported that the NRG1 levels of PCOS subjects with high 
HOMA-IR or fasting insulin levels were found to be similar 
to the NRG1 levels of the normoinsulinemic PCOS subjects. 
Because the NRG1/ErbBs interaction is impaired in diseases 
with insulin resistance, the low levels of NRG1 that we detect 
in PCOS patients may be in response to hyperinsulinemia. 
Overall, these studies suggest that metformin can be an effective 
treatment option for improving HOMA-IR in insulin-resistant 
PCOS patients, and that gut microbiome modulation may play a 
significant role in this effect.

 NRG1 is a growth factor that activates intracellular signalling 
proteins and inhibits apoptosis by binding to tyrosine kinase 
receptors ErbB3 and ErbB4 via the PI3K-Akt and MAPK/
ERK pathways. It is believed to be a new marker for evaluating 
oocyte quality, and studies have shown that it regulates rupture 
timing in periovulatory follicles. NRG1 expression was found 
in LH-stimulated granulosa cells and prevents premature 
progression of metaphase II stage oocyte, leading to abnormal 
fertilization. Supplementation of the culture medium with 
NRG1 improves oocyte quality and developmental competence 
[49-53]. Surrounding cytokine milieu optimizes the effects of 
metformin and shapes the fate of outcome response based on 
localized milieu and plethora of cytokine release in the vicinity 
[55-57].

The study found that decreased NRG1 levels can negatively 
affect follicle development and reduce ovulation quality and 
fertility rates in PCOS. Normalization of ovulatory function 
increases pregnancy rates in PCOS patients with improved 
insulin resistance. Low NRG1 levels may explain the increased 
number of unruptured follicle rates and negatively affect follicle 
developmental potential and fertilization rates [58,59].
Conclusion.

The study suggests that NRG1 levels are significantly 
decreased after 3 months of treatment with 850 mg per day 
of metformin in women with PCOS. This finding may have 
important implications for the treatment of PCOS, as it suggests 
that metformin may have a beneficial effect on the nervous 
system in women with PCOS. Further research is needed to 
confirm these findings and to investigate the mechanisms by 
which metformin affects NRG1 levels in women with PCOS.
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