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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: Polycystic ovary syndrome (PCOS), a hormonal 

disorder affecting millions of women worldwide, characterized 
by symptoms such as irregular menstrual cycles, weight gain, 
acne, and excess hair growth. PCOS is linked to higher levels of 
gremlin-1, a protein involved in ovarian follicle development, 
which may cause insulin resistance and metabolic abnormalities. 

The objective is to evaluate the effects of metformin treatment 
on gremlin-1 levels in patients with PCOS. 

Patients and methods: Sixty patients diagnosed with PCOs 
based on the Rotterdam criteria were selected as the PCOS 
group, while 30 healthy women matched for age were selected 
as the control group. The patients took metformin 850 mg 
twice daily and provided fasting blood samples before and 
after treatment. Data was collected through a questionnaire, 
direct interviewing, ultrasound examination, and laboratory 
examination, and analyzed using SPSS for Windows 7.

Results: The study found that PCOS patients had increased 
levels of gremlin compared to the control group. Additionally, 
PCOS patients had increased levels of blood glucose, insulin, 
and HOMA-IR. After taking metformin, patients showed a 
significant decrease in gremlin concentration. Treatment with 
metformin also resulted in a decrease in body mass index, blood 
glucose, insulin, and HOMA-IR.

Conclusion: Metformin decrease gremlin and insulin 
resistance in patients with polycystic ovary syndrome.

Key words. Metformin, polycystic ovarian syndrome, blood 
glucose, insulin, HOMA-IR, Gremlin-1.
Introduction.

Polycystic ovary syndrome (PCOS) is a complex endocrine-
gynecology disorder that affects many women of reproductive age 
worldwide. It is characterized by a range of signs and symptoms 
that include androgen excess, ovulatory dysfunction, and 
disruptions to the hypothalamic–pituitary–ovarian (HPO) axis 
function. These symptoms can manifest differently in different 
patients, depending on their age, phenotype, and lifestyle. The 
most common symptoms of PCOS are hyperandrogenism, 
oligo- or anovulation, and hirsutism. However, diagnosis can be 
challenging, as patients present with varying combinations of 
these symptoms, and other conditions can mimic PCOS. Proper 
diagnosis requires a thorough assessment of the patient's medical 
history, physical examination, and laboratory tests. Once 
diagnosed, treatment options can vary depending on the severity 
of the symptoms and the patient's goals. Lifestyle modifications, 
such as weight loss and exercise, can be effective in managing 
some symptoms. Medications, such as oral contraceptives and 
anti-androgens, can also be used to regulate menstrual cycles 

and reduce androgen levels. In some cases, fertility treatments 
may be necessary to achieve pregnancy. Management of 
PCOS requires a holistic approach that addresses the complex 
interplay of hormonal, metabolic, and psychological factors that 
contribute to the disorder [1-3]. 

Gremlin-1 is a crucial protein that plays a significant role in the 
regulation of the bone morphogenetic protein (BMP) signaling 
pathway. BMP is a family of proteins that are involved in 
various cellular processes, including embryonic development 
and tissue regeneration. Gremlin-1 acts as an antagonist to 
the BMP family members by binding to BMP2 and inhibiting 
its function. This regulatory mechanism is important for 
maintaining the balance between BMP signaling and cellular 
differentiation. The function and structure of Gremlin-1 makes 
it a crucial protein in the BMP signaling pathway. Its ability to 
inhibit BMP2 and regulate cellular differentiation is essential 
for various cellular processes, including embryonic development 
and tissue regeneration. The conserved sequence of Gremlin-1 
throughout evolution indicates its significance in maintaining the 
balance between BMP signaling and cellular differentiation [4,5]. 

Gremlin expression is a significant marker of adipose tissue 
dysfunction and insulin resistance. Recent studies have shown 
that gremlin expression is high in both subcutaneous and visceral 
adipose tissues, with a greater extent in the latter. This increased 
expression of gremlin-1 has been linked to the antagonization 
of insulin signaling and the subsequent reduction of its glucose-
mediated response. The transcription of gremlin mRNA has been 
shown to increase in individuals with type 2 diabetes, glucose 
intolerance, non-alcoholic steatohepatitis (NASH), and non-
alcoholic fatty liver disease (NAFLD). The presence of gremlin 
in adipose tissue could also play a role in the development 
of metabolic disorders. Furthermore, gremlin expression in 
adipose tissue has been shown to be regulated by various factors, 
including cytokines, growth factors, and hormones. These 
findings suggest that gremlin could be a potential therapeutic 
target for the treatment of metabolic disorders associated with 
adipose tissue dysfunction and insulin resistance. In conclusion, 
the high expression of gremlin in adipose tissue, particularly 
in the visceral adipose tissue, may play a significant role in the 
development of metabolic disorders, and further research into 
the regulation of gremlin expression could lead to new avenues 
for the treatment of these conditions [6-9]. Aim of this Study  
to identify the impact of metformin therapy on serum level 
of gremlin-1 and myonectin levels in women with polycystic 
ovarian syndrome.
Materials and methods.

Study Design: The study design that was carried out in the 
Department of Obstetrics and Gynecology at Salahdeen General 
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Hospital in Tikrit City from November 1st, 2022, to January 
30th, 2023, aimed to investigate the efficacy of metformin 
treatment in patients with Polycystic Ovary Syndrome 
(PCOS). The study enrolled 90 subjects, 60 of whom were 
patients with PCOS, and the remaining 30 were controls. Out 
of the 60 patients with PCOS, only 30 completed the follow-
up study and agreed to continue the metformin treatment for 
three months. The duration of the follow-up was three months, 
and during this time, patients who were unable to complete the 
study were tracked. Eight of these patients became pregnant, 
nine could not tolerate the drug due to its side effects, while 
the other patients did not communicate. The diagnosis of PCOS 
was made based on the Rotterdam criteria, which included 
anovulation and clinical and/or biochemical hyperandrogenism. 
This study's design has several strengths and limitations. One 
of the strengths is that the researchers strictly followed the 
Rotterdam criteria to diagnose PCOS, which is considered 
the gold standard for PCOS diagnosis. Moreover, the study's 
duration was long enough to evaluate the efficacy of metformin 
treatment in patients with PCOS. However, the study's sample 
size was relatively small, which could limit the generalization 
of the study's findings to the broader population. Additionally, 
the fact that only 30 patients completed the follow-up study and 
agreed to continue the metformin treatment for three months is 
a limitation because it reduces the statistical power of the study. 
Furthermore, the study's exclusion criteria were not specified, 
which could affect the study's internal validity.

Treatment: All subjects received metformin (Glucophage, 
Merck), the dosage given was 850 mg twice daily, and the 
study also included standard clinical evaluations and laboratory 
analyses to assess the safety of the medication. These evaluations 
and analyses were conducted at the beginning of the study, or 
the baseline, and again after the three-month treatment period. 
The purpose of these safety measures was to ensure that the 
medication was not causing any adverse effects to the subjects. 
After the three-month treatment period, the evaluations and 
analyses were repeated to compare the results with those 
obtained at baseline. This allowed the researchers to determine 
if the medication was effective in treating type 2 diabetes and if 
it was safe for use over an extended period of time. The results 
of this study could provide valuable information for healthcare 
professionals in the treatment of type 2 diabetes, as well as 
for patients who may be considering metformin as a treatment 
option.

Blood Sampling: The collection of venous blood samples is 
a crucial procedure in medical diagnosis and treatment. In this 
study, the blood samples were collected from each patient after 
overnight fasting, ensuring that the samples were not affected by 
recent food intake. The collection was done using a disposable 
syringe, which is a safe and effective method for obtaining blood 
samples. The samples were collected at a specific time interval, 
between 8:30 to 11 am, to ensure consistency and accuracy in 
the study. After collection, the samples were divided into two 
portions. The first 5 ml of fresh venous blood were preserved 
in an anticoagulant-containing tube to prevent clotting. The 
anticoagulant prevents the blood from clotting and ensures that 
the sample remains stable for analysis. The second portion of 
the blood samples were allowed to clot in a plain tube at room 

temperature. Clotting is a natural process that occurs when blood 
is exposed to air, and it is necessary for the separation of serum 
from blood. After the serum was separated from the blood by 
centrifugation at 3000 rpm for 10 minutes, the serum was kept 
frozen at -20 °C for later analysis. The freezing of serum at -20 
°C is an essential step in the blood collection process as it helps 
to preserve the serum's integrity. Freezing the serum prevents 
any further biochemical reactions or degradation that may occur 
in the serum over time. This ensures that the serum remains 
stable and suitable for analysis even after an extended period. 
The serum can be analyzed later to determine various parameters 
such as glucose levels, lipid profiles, and electrolytes.

Measurement of Insulin Resistance: Insulin resistance is a 
condition where cells in the body do not respond properly to 
insulin, which is a hormone that regulates blood sugar levels. 
It is a common condition that is often associated with type 2 
diabetes and other metabolic disorders. The measurement of 
insulin resistance is an important diagnostic tool that helps 
healthcare professionals determine the severity of the condition 
and develop an appropriate treatment plan. One of the most 
commonly used methods for measuring insulin resistance is 
the homeostatic model assessment (HOMA)-IR. This index 
is calculated by multiplying the fasting insulin level in micro 
international units per milliliter (μIU/ml) by the fasting glucose 
level in milligrams per deciliter (mg/dl) and then dividing 
the result by 405. PCOS subjects with HOMA-IR ≥ 2.5 and 
QUICKI ≤ 0.333 are identified as the IR group. The QUICKI 
index is calculated as 1/ [log (insulin) + log (glucose)] and is 
used to measure insulin sensitivity. By using these formulas, 
healthcare professionals can accurately identify individuals with 
insulin resistance and develop a personalized treatment plan that 
addresses their unique needs. It is important to note that insulin 
resistance is a complex condition that requires a multifaceted 
approach to treatment, including lifestyle changes, medication, 
and close monitoring of blood sugar levels [10].
Results.

The age of participants enrolled in the present study has shown 
a non-significant (p>0.05) differences between patients’ group 
(30±1.6) and control group (29.7±3)

The study's results have shown that there were highly 
significant differences (P=0.00003) in the mean levels of 
glucose (mg/dl) between cases and control. The mean levels of 
glucose in cases were found to be 97.49± 20.42 mg/dl while 
in control, it was 92.137±8.61 mg/dl. This indicates that the 
cases had higher levels of glucose as compared to the control 
group. The results showed a significant reduction (P<0.05) in 
blood glucose levels after treatment. The mean blood glucose 
level before treatment was 97.49±20.42mg/dl, whereas after 
treatment, it reduced to 90.122±18.601mg/dl. This reduction 
is significant and suggests that the treatment was effective in 
improving the insulin resistance of PCOS women (Figure 1A).

The study conducted observed the levels of insulin in the 
three studied groups (control healthy group, non-metformin-
users PCOS patients, and metformin-users PCOS patients). 
The study revealed that non-metformin-users PCOS patients 
had the highest mean of insulin levels with a value of 13.9±3.2 
µIU/ml, which was significantly higher than control healthy 
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group, which had a mean value of 11.1±2.3 µIU/ml. The 
difference in insulin levels between these two groups was found 
to be statistically significant with a p-value of less than 0.05. 
However, when comparing the insulin levels between non-
metformin-users PCOS patients and metformin-users PCOS 
patients, the study found that there was no significant difference 
(P>0.05) between these two groups. Both non-metformin-users 
PCOS patients, and metformin-users PCOS patients had similar 
insulin levels with values of 13.9±3.2 µIU/ml and 13.7±3 µIU/
ml, respectively (Figure 1B). 

Based on the data of the present study, it has been found that 
there is a significant difference in HOMA-IR levels between 
different groups, and this difference is higher in the studied 
patient groups as compared to the control group. The values of 
HOMA-IR were found to be 3.5±1.1 and 2.5±0.5 in the patient 
and control groups, respectively, with a P-value of less than 
0.05. This indicates that there is a significant difference between 
the two groups, with the patient groups having higher HOMA-
IR levels. However, after undergoing metformin therapy, there 
was a significant decrease in the values of HOMA-IR, with 
the values decreasing to 3.2±0.8 as compared to the values 
before therapy (3.5±1.1) at P< 0.05. This clearly indicates that 
metformin therapy has a positive effect on lowering HOMA-
IR levels, which is beneficial for patients. The study provides 
important insights into the significance of HOMA-IR levels and 
the effectiveness of metformin therapy in managing it (Figure 1C).

The present study focused on the gremlin levels in women 
with Polycystic Ovary Syndrome (PCOS) and compared it with 
the control group. The findings revealed that the mean gremlin 
level was significantly higher in women with PCOS (2.0718 
± 0.0162 ng/mL) compared to the control group (1.3200 ± 

0.2676 ng/mL). This difference was statistically significant at 
p ≤ 0.00006. These results suggest that gremlin may play a 
role in the development of PCOS in women. Furthermore, the 
study also investigated the impact of metformin treatment on 
gremlin levels. The researchers found that the overall group of 
patients experienced a significant decrease in gremlin levels 
after metformin treatment. Specifically, the gremlin levels in 
metformin-users PCOS patients decreased significantly when 
compared with non-metformin-users PCOS patients (8.000 
± 0.559 vs 6.100 ± 0.376 ng/mL: P ≤ 0.00009). This finding 
suggests that treatment may be effective in reducing gremlin 
levels in women with PCOS. Overall, this study sheds light on 
the potential role of gremlin in the development of PCOS in 
women. The findings suggest that gremlin levels may be a useful 
marker for diagnosing PCOS and monitoring the effectiveness 
of treatment. Further research is needed to fully understand 
the role of gremlin in PCOS and to explore potential treatment 
options that target this pathway (Figure 1D).

The results of the study revealed a positive correlation between 
gremlin and insulin in PCOS patients, with a correlation 
coefficient of 0.195 and a highly significant result of p<0.05. 
This suggests that as gremlin levels increase, so does insulin 
resistance (Figure 2A). Additionally, a positive correlation 
was found between gremlin and IR in PCOS patients, with a 
correlation coefficient of 0.358 and a significant result of p < 
0.05. This indicates that as gremlin levels increase, so does the 
severity of IR in PCOS patients (Figure 2B). These findings 
highlight the potential of gremlin as a therapeutic target for the 
treatment of IR in PCOS patients, as reducing gremlin levels may 
help improve insulin sensitivity and prevent the development of 
metabolic disorders.

Figure 1. Metformin modulated measured parameters compared to studied groups. Data expressed as mean±SD, *#p<0.05. *significant 
differences in non-metformine-users PCOS patients compared to control and non-metformine-users PCOS patients. #significant differences in non-
metformine-users PCOS patients and non-metformine-users PCOS patients compared to control. PCOS=polycystic ovarian syndrome, HOMA-
IR=Homeostatic Model Assessment for Insulin Resistance.
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Figure 2. Correlation between measured parameters, (A) Correlation 
of gremlin with inslin in PCOS patients. (B)Correlation of gremlin with 
inslin resistance in PCOS patients.

Discussion.
The article explains that insulin resistance in PCOS is caused 

by impaired insulin action in various target tissues, resulting in 
a reduced insulin response to glucose overload. PCOS affects 
many organ systems and tissues, and insulin plays different 
roles in balancing the supply and demand of nutrients [11]. 
HOMAIR is a method to evaluate insulin resistance and β-cell 
function by analyzing basal glucose and insulin levels. A normal 
HOMA-IR value is one, indicating a balance between hepatic 
glucose output and insulin secretion [12,13]. Insulin resistance 
is identified when fasting insulin levels are above 10Mu/ml 
and HOMA-IR is greater than 2. PCOS can be classified into 
metabolic and reproductive groups based on HOMA-IR values, 
with a cut-off value of 2. Metabolic PCOS patients are typically 
more obese than reproductive PCOS patients [14-17].

The study confirmed that metformin treatment significantly 
decreases glucose levels by suppressing hepatic glucose 
production, increasing glucose uptake, fatty acid oxidation, 
and insulin sensitivity. Metformin also has direct effects on the 
ovary [18-20]. However, a study in Iran showed no significant 
changes in fasting glucose, fasting insulin, and HOMA-IR after 6 
months of metformin administration for 45 PCOS patients [21].

Metformin response varies between studies due to genetic, 
environmental, lifestyle and physiological factors [22-24]. A 
study by Jayagopal et al. [25], showed no significant reduction 
in glucose, insulin, and HOMA-IR in PCOS patients with a 

specific diet and metformin dosage, but attributed the results to 
the diversity of HOMA-IR in PCOS and suggested increasing 
sample size.

The protein Gremlin 1 is secreted and increases in subcutaneous 
adipose tissue with expanded adipose cells, which is associated 
with insulin resistance and other obesity-related complications 
[26]. Gremlin 1 also antagonizes BMP2- and BMP4-induced 
suppression of androgen secretion but does not affect responses 
to BMP6 and BMP7 [27]. The functions of inhibitors of bone 
morphogenic proteins, including gremlin, noggin, chordin, and 
follistatin, are less well-established [28].

The study found that individuals affected by insulin resistance 
have significantly increased levels of serum gremlin. Gremlin 
1 protein can directly antagonize insulin signaling, attenuating 
both insulin signaling and insulin-stimulated glucose transport. 
Anti-Gremlin 1 treatment is more effective in insulin-resistant 
cells, indicating a direct inhibitory effect on insulin sensitivity. 
The insulin-sensitizing effect of anti-Gremlin 1 is related to the 
degree of cellular insulin responsiveness [29-32].
Conclusion.

Metformin is a medication commonly used to treat PCOS. It 
works by reducing glucose production in the liver and improving 
insulin sensitivity in the body. Recent studies have shown that 
Metformin can also decrease gremlin, a protein that is known to 
contribute to insulin resistance in patients with PCOS. Gremlin 
is secreted by the ovaries and can inhibit insulin signaling in 
the body. By reducing gremlin levels, Metformin can improve 
insulin sensitivity and reduce the risk of developing diabetes and 
other metabolic disorders. In addition to its effect on gremlin, 
Metformin can also regulate menstrual cycles and improve 
fertility in women with PCOS. Although this medication is 
generally safe and effective, it may cause side effects such as 
nausea, diarrhea, and abdominal discomfort. Therefore, it is 
important to consult with a healthcare provider before starting 
this medication. In summary, Metformin is a valuable treatment 
option for women with PCOS, and its ability to decrease gremlin 
levels and improve insulin sensitivity makes it an effective tool 
in managing this condition.
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