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ABSTRACT
Introduction and aim. Polycystic ovary syndrome (PCOS) is a multifactorial endocrine disease manifested with hormonal im-
balance, insulin resistance (IR), and reproductive dysfunction. Due to its heterogeneous clinical presentation, diagnosis re-
mains challenging. MicroRNA-320a-3p and anti-Müllerian hormone (AMH) have recently emerged as promising biomarkers. 
This study aimed to assess their diagnostic potential in PCOS women.
Material and methods. A case-control research was performed in 90 women aged 18–40 years, including 45 women with 
PCOS and 45 age- and body mass index-matched healthy individuals. Hormonal and metabolic markers were measured using 
standard immunoassays, and the expression of microRNA-320a-3p was quantified using real-time polymerase chain reaction. 
Results. Women with PCOS demonstrated statistically higher concentrations of luteinizing hormone (9.45±6.0 vs 5.09±2.2 mIU/
mL), increased luteinizing hormone to follicle-stimulating hormone ratio (1.64±0.87 vs 0.76±0.3), and elevated fasting blood 
glucose (105.5±14.7 vs 94.3±13.5 mg/dL), all with p<0.001. Contrary to expectations, insulin and homeostatic model assess-
ment for IR values were lower in the PCOS group, possibly reflecting a predominance of non-obese phenotypes. AMH levels 
were also reduced (2.27±1.0 vs 3.34±1.1 ng/mL, p<0.001). Expression of microRNA-320a-3p was significantly downregulated 
(0.61±1.27 vs 2.81±5.03-fold, p=0.0009). MicroRNA-320a-3p expression correlated positively with luteinizing hormone levels 
and the luteinizing hormone to follicle-stimulating hormone ratio, while AMH was associated with IR. The combined use of 
both markers improved diagnostic differentiation between groups. 
Conclusion. MicroRNA-320a-3p and AMH show promise as diagnostic biomarkers in polycystic ovary syndrome. Their integra-
tion with traditional clinical markers may enhance diagnostic accuracy and provide deeper insight into the pathophysiological 
complexity of the disorder.
Keywords. anti-Müllerian hormone, insulin resistance, microRNA-320, polycystic ovary syndrome 

Introduction
Polycystic ovary syndrome (PCOS) a prevalent endo-
crine disease among females during their reproductive 
years (has affected at least 5-10% of women globally), 

and it has a global prevalence of approximately 4-20%. 
The features of PCOS include polycystic ovarian mor-
phology, persistent anovulation and hyperandrogenism. 
PCOS is a multifaceted disorder, with a multitude of 
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factors (hormonal, metabolic and genetic) contribut-
ing to its development and associated long-term out-
comes, including cardiovascular diseases, infertility and 
type 2 diabetes (T2D). Although the pathophysiolog-
ical mechanisms associated with PCOS are well-stud-
ied, there continues to be a challenge with diagnosing 
the disorder due to the heterogeneity of clinical findings 
and laboratory results; therefore, researchers will need 
to identify new, valid, and reliable biomarkers for im-
proved diagnostic accuracy and the understanding of 
disease processes.1,2

Insulin resistance (IR) is a common physiological 
finding in patients diagnosed with PCOS, resulting in 
significant, compensatory hyperinsulinemia, further 
contributing to hormonal dysregulation, increased hy-
perandrogenism, and infertility.3 IR has been noted 
previously to play a major role in the pathophysiologic 
processes of PCOS, impacting over 75% of individuals 
diagnosed with PCOS.2 

Micro-ribonucleic acid-320 (miRNA-320) has re-
cently gained attention as a proposed molecular marker 
for various types of reproductive and metabolic disor-
ders. As a regulator of gene expression, miRNA-320 
plays an essential role in the regulation of glucose me-
tabolism, IR, and ovarian function, which are all pro-
cesses involved in the pathophysiology of PCOS.4 The 
anti-Müllerian hormone (AMH) has also been investi-
gated as a potential diagnostic marker for PCOS, reflect-
ing the level of follicular arrest and dysfunction in PCOS 
patients.5 The other metabolic and hormonal markers 
that are important in the endocrinology and metabol-
ic profile of PCOS are designed (luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), insulin, and 
fasting blood glucose (FBG)), which play critical roles 
in explaining hormonal and metabolic disturbances in 
PCOS. The typical hormonal diagnostic markers for 
PCOS are the LH to FSH ratio, whereas IR and hyper-
insulinemia are metabolic features of PCOS that have a 
significant bearing on the progression of PCOS and the 
impact of PCOS treatment.6,7

To our knowledge, this is the first research deter-
mine the combination of diagnostic accuracy of miRNA-
320a-3p and anti-AMH in patients with PCOS. Previous 
studies have primarily aimed on either AMH or miR-
NA-320a-3p, whereas this current study examines ambi-
directionally for hormonal and metabolic parameters to 
produce an overall assessment of PCOS. It also uncovers 
some unexpected patterns, such as lower levels of AMH 
and insulin. which challenge conventional understanding 
and highlight phenotypic heterogeneity.

Aim
The aim of this research is to compare the performance 
of microRNA-320a-3p and AMH with traditional hor-
mone and metabolic markers for diagnosing women 

with PCOS. A case-control design was utilized to ascer-
tain whether these biomarkers provide greater accuracy 
when used to diagnose women with PCOS. Additional-
ly, the study will identify the relationship of these bio-
markers to metabolic and endocrine aberrations, which 
may facilitate their integration into standard clinical as-
sessment and into personalized management options 
for women with PCOS.

Material and methods
Study design/subjects
A case-control research was conducted at Bent Al-Hu-
da Teaching Hospital in the Thi-Qar governorate of Iraq 
from September 2024 to December 2024. In this paper, 
two study groups were employed: The first group included 
45 women diagnosed with PCOS according to the revised 
2003 diagnostic criteria, which require the incidence of 
2 out of  3: oligo- or anovulation ,presence of polycys-
tic ovaries, clinical/biochemical manifestations of excess 
androgen, and the exclusion of other causes, include an-
drogen-secreting tumors, congenital adrenal hyperplasia, 
and Cushing’s syndrome.8 The second group involved 45 
individuals as healthy controls (HCs). All participants in 
the study were between 18 and 40 years old.

Exclusion and inclusion criteria
The study excluded women who had recently used hor-
monal contraceptives, anti-androgens, or insulin sen-
sitizers (past three months), pregnant or breastfeeding 
women, those with chronic diseases (diabetes, hyper-
tension, cardiovascular diseases), a history of ovari-
an surgery, or inadequate sample collection. Inclusion 
criteria required participants to meet clinical and lab-
oratory PCOS criteria (menstrual irregularities, hy-
perandrogenism, and ultrasound-confirmed polycystic 
ovaries), be in the 18–40 age range, possess a body mass 
index (BMI) ranging from 18.5 to 35, which includes a 
range of normal to moderately obese individuals, and 
do not have a history of other endocrine diseases, such 
as androgens secreted tumors, Cushing’s syndrome, or 
congenital adrenal hyperplasia. 

Healthy controls were age-matched (18-40 years) 
with the PCOS group, had regular menstrual cycles, no 
history of PCOS, and a BMI within the same range to 
minimize confounding effects. They did not have any 
endocrine abnormalities (thyroid disorder, Cushing’s 
syndrome, or congenital adrenal hyperplasia), no histo-
ry of hormonal medication use, normal fertility status, 
and a healthy lifestyle.

Sample collection
Five milliliters of peripheral blood were obtained from 
each participant after fasting for 8–12 hours through ve-
nipuncture. After collection, the samples were left in gel 
vacuum tubes and allowed to coagulate at room tem-
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perature, and then centrifuged at 3,600 × g for 10 min-
utes for serum separation. Each sample of serum was 
divided into two aliquot, one of which was stored at 
-80°C until it was time for subsequent analysis, and the 
other mixed with Trizol (500 µL of serum + 500 µL of 
Trizol) for miRNA extraction. 

Biochemical assays
Serum AMH was measured in nanograms (ng) per mL 
using an enzyme-linked immunosorbent assay (ELISA) 
method using an AMH ELISA kit (BT LAB, China). 
Serum concentrations of FSH and LH were measured 
using the AFIAS-10 instrument, which is an automat-
ed immunoassay analyzer designed to perform up to 10 
parallel tests for various parameters using the AFAIS LH 
kit and the AFAIS FSH kit, respectively (Boditech, Ko-
rea). The test protocol was conducted according to the 
manufacturer’s guidelines. The findings are recorded in 
milli-international units (mIU)/mL. Serum insulin was 
measured in micro-international units (µIU)/mL using 
an ELISA method with a human insulin ELISA kit (BT 
LAB, China). The serum levels of FBG were measured 
using the Mindray BS-230 instrument, a fully automat-
ed biochemical analyzer. It operates based on spectro-
photometry and biochemical enzymatic reactions using 
a glucose kit (Mindray, China). In accordance with the 
manufacturer’s guidelines, the test procedure was con-
ducted. The results are reported in milligram (mg)/deci-
liter (dL). The following equation was used to detect the 
homeostatic model assessment of IR (HOMA-IR).9 

HOMA – IR = fasting insulin (μIU/mL) × FBG (mg/dL)/405

Molecular detection of microRNA-320a-3p: The 
molecular assay was conducted in a specialist labora-
tory in Baghdad, Iraq, following manual guidelines. 
Total serum RNA was extracted using the Trizol re-
agent method, and complementary deoxyribonucleic 
acid (cDNA) was synthesized for miRNA-320a-3p and 
RNU43 (housekeeping gene) using specific reverse tran-
scriptase (RT) primers (Table 1) and a Thermal Cycler. 
cDNA concentration and quality (5–7 ng/µL) were mea-
sured with a Quantus Fluorometer. Quantification of 

miRNA-320a-3p and RNU43 was performed by RT-qP-
CR using specific forward and a universal reverse prim-
ers (Table 1) on a Mic-qPCR cycler (Fig. 1 and 2).

Fig. 1. The step of real-time polymerase chain reaction of 
microRNA-320a-3p

Fig. 2. The step of real-time polymerase chain reaction of 
RNU43

Gene expression was quantified relatively using the 
Pfaffl method.10 For each sample, by using the real-time 
cycler software, the threshold cycle (CT) was deter-
mined. Average values were computed by running each 
sample twice. The expression data for the chosen genes 
were normalized using housekeeping genes as a refer-
ence. The ΔΔCt method was utilized for data analysis 
as recommended, with results presented as fold change 
in gene expression. The following formula was used to 
calculate the difference (ΔCt) between the CT values for 
each target gene and the housekeeping gene for each 
sample.11 The normal range for microRNA-320a-3p was 
determined based on data from the control group.

Table 1. The study primersa

Primers name Sequence ('5–––––––––––––– 3') Company Country Temperature 

microRNA-320a-3pRT* GTTGGCTCTGGTGCAGGGTCCGAGGTATTCG CACCAGAGCCAACTTGCCC

Macrogen 
South Korea

55 ºC

microRNA-320a-3pF* GGGAAAAGCTGGGTTGAGA

RNU43-RT* GTTGGCTCTGGTGCAGGGTCCGAGGTATTCG CACCAGAGCCAACAATCAG

RNU43-F* GTGAACTTATTGACGGGCG

Universal reverse* GTGCAGGGTCCGAGGT

a * – from the National Center for Biotechnology Information Gen-Bank database the miRNA gene cDNA sequences were 
obtained. Primers for real-time qPCR were designed with a melting temperature range from 58°C to 62°C using primer 
Premier 3 software, the length of the primers ranging from 18 to 23 nucleotides, and the length of the PCR amplicon ranged 
between 75 and 150 base pairs.
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ΔCT = CTgene – CT House Keeping gene
ΔΔCT = ΔCT Treated or Control – Average ΔCT Control
Folding = 2–ΔΔCT

Statistical analysis
Data analysis and visualization were employed using 
the statistical package for social science (SPSS) (version 
22, IBM, Armonk, NY, USA). The descriptive meth-
ods involved means, frequencies, and standard devia-
tions (SD). Categorical variables were compared using 
the chi-square test. The statistical differences of varia-
tions in the means of continuous variables with a nor-
mal distribution was calculated using an independent 
t-test, which was a parametric test. For variables that 
were not normally distributed, the Mann–Whitney U 
test, a non-parametric test, was employed. The Spear-
man correlation coefficient, which is a non-parametric 
test, was calculated to determine the strength and di-
rection of the correlations between variables. A p-value 
<0.05 was determined to be statistically valuable.

Results
In the current research, the differences in insulin lev-
els between the PCOS and HC cohorts were statistically 
significant (p<0.001), where the mean insulin concen-
tration was depleted in the PCOS women (6.15±2.87 
µIU/mL) than HCs (7.56±2.45 µIU/mL). Regarding 
HOMA-IR, the mean HOMA-IR was statistically low-
er in the PCOS patients  (1.57±0.66) than the HCs 
(1.75±0.58) (p=0.0227). While IR is typically more 
pronounced in PCOS, the current results may reflect 
a heterogeneous PCOS cohort or the influence of con-
founding factors such as BMI, physical activity levels, or 
dietary habits, which were not under the control of this 
analysis (Table 2).

Fasting blood sugar levels demonstrated a statistical-
ly significant elevation in the PCOS group (105.46±14.7 
mg/dL) than the HCs group (94.3±13.51 mg/dL), with a 
p-value of 0.0003, supporting the presence of impaired 
glucose metabolism in PCOS. Luteinizing hormone 
concentrations were statistically elevated in the PCOS 
women (9.45±6.0 mIU/mL) than the controls (5.09±2.2 
mIU/mL), having a difference that is statistically sig-
nificant (p<0.001), consistent with the well-established 
association between elevated LH and the pathophysiol-
ogy of PCOS. In contrast, concentrations of FSH were 
lower in the PCOS patients (5.8±2.13 mIU/mL) than in 
controls (6.89±2.02 mIU/mL), and the mean difference 
reached statistical significance (p=0.0145) (Table 2). 

Significantly, the LH/FSH ratio was elevated in 
the women with PCOS (1.64±0.87) than in the HCs 
(0.76±0.3), with p-values <0.001, reinforcing the LH/
FSH ratio diagnostic value in distinguishing PCOS. 
For AMH, unexpectedly, the mean concentration was 
lower in the PCOS patients (2.27±1 ng/mL) than in 

HCs (3.34±1.12 ng/mL) with a statistical difference 
(p<0.001). This finding is opposite to the traditionally 
accepted view of increased AMH levels associated with 
PCOS and may indicate that there are phenotypic dif-
ferences within the PCOS population, or it may be the 
result of methodological differences, so the findings re-
quire further research (Table 2).

There was also a large difference in microR-
NA-320a-3p expression levels between groups. The 
mean expression for microRNA-320a-3p in the PCOS 
group was markedly lower (0.61±1.27 folds) when com-
pared to HCs (2.81±5.03 folds) (p=0.0009). This sug-
gests that microRNA-320a-3p could contribute to the 
pathophysiology of PCOS and may be used as a genet-
ic biomarker to detect diseases or monitor progression 
(Table 2).

Table 2. Biochemical and molecular parameters 
comparison between PCOS patients and healthy controls 
groups (Mann-Whitney U test and independent t-test)

Parameters
PCOS Group Healthy Control

p
Mean±SD Mean±SD

Insulin (µIU/mL) 6.15±2.87 7.56±2.45 <0.001

HOMA-IR 1.57±0.66 1.75±0.58 0.0227

FBG (mg/dL) 105.46±14.7 94.3±13.51 0.0003

LH (mIU/mL) 9.45±6.0 5.09±2.2 <0.001

FSH (mIU/mL) 5.8±2.13 6.89±2.02 0.0145

LH/FSH Ratio 1.64±0.87 0.76±0.3 <0.001

AMH (ng/mL) 2.27±1 3.34±1.12 <0.001

microRNA-320a-3p Folds 0.61±1.27 2.81±5.03 0.0009

       
Table 3 presents the distribution of IR (measured 

by HOMA-IR) in relation to microRNA-320a-3p ex-
pression levels among PCOS women and HCs. The cor-
relation between HOMA-IR and expression folds of 
microRNA-320a-3p was evaluated in both the PCOS and 
HCs groups. Among individuals with PCOS, a statisti-
cally valuable positive relationship was noted between 
HOMA-IR values and microRNA-320a-3p expression 
levels (r=0.51, p<0.001). Specifically, participants with 
high microRNA-320a-3p expression demonstrated a 
markedly higher mean HOMA-IR (1.59) compared to 
those with low microRNA-320a-3p expression, who ex-
hibited a mean HOMA-IR of 1.44. Notably, 2/2 (100%) 
of PCOS participants with high microRNA-320a-3p ex-
pression exhibited normal HOMA-IR compared to par-
ticipants with low microRNA-320a-3p expression, 13/15 
(86%), yet the subgroup with high microRNA-320a-3p 
expression still showed a disproportionately elevated 
HOMA-IR level, pointing to a possible role of this mi-
croRNA in IR among patients with PCOS. On the oth-
er hand, even though there appears to be an increasing 
trend toward higher HOMA-IR levels in HCs with high 
expression levels of microRNA-320a-3p (mean=1.68) 
relative to those with low microRNA-320a-3p expres-
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sion (mean=1.63), the relationship was not statistically 
valuable (r=0.23, p=0.10). This may indicate potential 
physiologic variability in insulin sensitivity between 
healthy individuals, and that this variability is not nec-
essarily a result of underlying endocrine/metabolic dis-
turbances, as is commonly seen in PCOS.

Table 3. Correlation of microRNA-320a-3p expression and 
HOMA-IR concentrations in PCOS and HCs (Spearman’s 
correlation analysis, Mann-Whitney U test, independent 
t-test, and Chi-square test)

Biomarkers

HOMA-IR

r pNormal (<2) High (≥2) Total

FR (%) Mean FR (%) Mean FR (%) Mean

m
icr

oR
NA

-3
20

a-
3p

 Fo
lds PC

OS
 

Low (n=15) 13 (86.7) 1.27 2 (13.3) 2.56 15 (100) 1.44

0.5
1

0.0
0

Normal 
(n=3)

3 (100) 1.55 0 (0) 0 3 (100) 1.55

High (n=2) 2 (100) 1.59 0 (0) 0 2 (100) 1.59

Total (n=20) 18 (90) 1.35 2 (10) 2.56 20 (100) 1.47

HC
s

Low (n=7) 7 (100) 1.63 0 (0) 0 7 (100) 1.63

0.2
4

0.1
0

Normal 
(n=7)

4 (57.1) 1.71 3 (42.9) 2.87 7 (100) 2.21

High (n=6) 4 (66.7) 1.45 2 (33.3) 2.14 6 (100) 1.68

Total (n=20) 15 (75) 1.6 5 (25) 2.58 20 (100) 1.85

Table 4 displays the association between HOMA-IR 
values and AMH levels for both groups (PCOS and 
HCs). For females diagnosed with PCOS, there was a 
positive relationship between AMH concentrations and 
HOMA-IR concentrations, with a statistically signifi-
cant correlation coefficient of 0.38 (P = 0.01). Women 
with high AMH had much higher average HOMA-IR 
concentrations (3.44) than women with normal AMH 
(1.47). Although all PCOS individuals with high AMH 
levels (100%) fell within the high HOMA-IR range than 
those with normal AMH levels (11.9%), this difference 
indicates that an increase in AMH concentrations cor-
relates with an elevation in IR in patients diagnosed 
with PCOS and suggests the possibility of a relation-
ship between ovarian reserve and metabolic dysfunc-
tion in patients with PCOS. For the HCs women, there 
was also a positive relationship between AMH and HO-
MA-IR, with a correlation coefficient of 0.36 (P = 0.02). 
The mean HOMA-IR for women in the HCs group with 
high AMH concentrations was 2.28, whereas women 
in the HCs group with normal AMH levels had a mean 
HOMA-IR value of 1.6. Notably, nearly half (45.5%) of 
the HC participants in the high AMH subgroup demon-
strated elevated HOMA-IR, suggesting that even in the 
absence of clinical PCOS, higher AMH levels may be 
linked to underlying IR.

Table 5 explores the relationship between microR-
NA-320a-3p folds levels and several metabolic and re-
productive parameters in both PCOS (G1) and HC (G2) 
groups. Among patients with PCOS, a statistical rela-
tionship was reported between the expression of mi-

croRNA-320a-3p and the LH/FSH ratio (p=0.007), as 
well as serum LH concentrations (p=0.029). Specifical-
ly, those with high miRNA expression had a notably el-
evated LH/FSH ratio (3.16±2.31) and LH concentration 
(18.80±13.73 mIU/mL), suggesting a potential role of this 
miRNA in modulating gonadotropin imbalance charac-
teristic of PCOS. Conversely, there were no statistically 
valuable correlations found between the levels of microR-
NA-320a-3p and FBG, insulin, FSH, or AMH, indicating 
that the miRNA may not be primarily involved in glu-
cose metabolism. No significant relationships were ob-
served between level of microRNA-320a-3p and any of 
the tested parameters in the control group. These results 
support a disease-specific regulatory function of mi-
croRNA-320a-3p in reproductive hormone imbalance in 
PCOS but not in healthy individuals.

Table 4. Correlation of HOMA-IR and AMH levels in PCOS 
and HCs (Spearman’s correlation analysis, Mann-Whitney U 
test, independent t-test, and Chi-square test)

Biomarkers

HOMA-IR

r pNormal (<2) High (≥2) Total

FR (%) Mean FR (%) Mean FR (%) Mean

AM
H 

(n
g/

m
L) PC

OS
 G

ro
up

Low (n=1) 0 (0) 0 1 (100) 2.24 1 (100) 2.24

0.3
8

0.0
1Normal (n=42) 37 (88.1) 1.33 5 (11.9) 2.52 42 (100) 1.47

High (n=2) 0 (0) 0 2 (100) 3.44 2 (100) 3.44

Total (n=45) 37 (82.2) 1.33 8 (17.8) 2.71 45 (100) 1.57

HC
s

Low (n=0) 0 (0) 0 0 (0) 0 0 (0) 0

0.3
6

0.0
2Normal (n=34) 30 (88.2) 1.52 4 (11.8) 2.19 34 (100) 1.6

High (n=11) 6 (54.5) 1.57 5 (45.5) 2.98 11 (100) 2.28

Total (n=45) 36 (80) 1.53 9 (20) 2.63 45 (100) 1.75

Table 5. Association between microRNA-320a-3p 
expression, hormonal and metabolic parameters in 
patients with PCOS and healthy control groups (Mann-
Whitney U test, independent t-test)*

Variables/Groups
(Mean±SD)

microRNA-320a-3p Folds p

Low (<1) Normal (1-2) High (>2)

FBS (mg/dL) G1 100.46±13.62 126.20±27.50 106.50±1.70 0.523

G2 98.43±8.07 98.49±13.60 92.87±22 0.713

LH/FSH
ratio 

G1 2.23±0.53 2.20±0.49 3.16±2.31 0.007

G2 0.70±0.13 0.54±0.18 0.65±0.19 0.728

Insulin (µIU/mL) G1 5.89±2.61 5.23±1.99 6.06±1.56 0.928

G2 6.78±1.08 9.20±3.47 7.27±2.09 0.742

LH (mIU/mL) G1 13.50±4.84 14.89±3.36 18.80±13.73 0.029

G2 5.25±1.06 3.88±1.46 4.53±1.51 0.540

FSH (mIU/mL) G1 6.16±1.87 6.95±2.05 5.97±0.02 0.877

G2 7.69±1.86 7.28±2.03 7.01±1.00 0.615

AMH (ng/mL) G1 2.16±1.15 2.39±0.38 2.18±0.88 0.982

G2 3.12±0.68 3.35±1.96 3.28±0.70 0.791

* G1 – polycystic ovary syndrome patient group, G2 – 
healthy control group

Table 6 evaluates the association between various 
biochemical and hormonal parameters and serum lev-
els of AMH in both study groups. Among the patients 
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with PCOS, levels of AMH were significantly associated 
with FBG (p=0.006), where individuals with high AMH 
levels exhibited the lowest FBG (88.8±3.82 mg/dL) com-
pared to those with normal (105.98±14.65 mg/dL) and 
low AMH levels (117 mg/dL). This negative correla-
tion between FBG and AMH in PCOS-afflicted wom-
en suggests a possible protective role of AMH against 
hyperglycemia. Additionally, the relationship between 
insulin and AMH concentrations was  statistically valu-
able (p=0.010), with the highest insulin values noted in 
those with high AMH levels (15.7±1.4 µIU/mL), indi-
cating potential compensatory hyperinsulinemia or a 
complex interaction between ovarian reserve markers 
and insulin signaling pathways. There were no statisti-
cally significant relationships between AMH and LH, 
the LH/FSH ratio, or FSH (P > 0.05). Therefore, as there 
were no statistically valuable associations between the 
parameters studied and AMH in HCs females, this sug-
gests that the metabolic and endocrine environments in 
HCs females are generally more stable than those of fe-
males with PCOS. Combining these results emphasizes 
the dual endocrine and metabolic relevance of AMH in 
PCOS pathophysiology and supports its candidacy as a 
multidimensional biomarker.

Table 6. Correlation between levels of AMH, metabolic and 
hormonal parameters in PCOS and healthy control groups  
(Mann-Whitney U test, independent t-test)

Variables/Groups
(Mean±SD)

AMH (ng/mL)
p

Low (<1) Normal (1-4) High (>4)

FBS (mg/dL)
G1 117±0.0 105.98±14.65 88.8±3.82 0.006

G2 0 95.7±14.8 89.94±7.47 0.590

LH/FSH
ratio 

G1 0.92±0 1.65±0.89 1.84±0.130 0.561

G2 0 0.74±0.296 0.85±0.31 0.680

Insulin (µIU/mL) 
G1 7.76±0 5.66±2.01 15.7±1.4 0.010

G2 0 6.81±1.43 9.88±3.42 0.067

LH (mIU/mL) 
G1 1.69±0 9.71±6.07 7.95±1.90 0.581

G2 0 5.22±2.28 4.69±1.96 0.776

FSH (mIU/mL) 
G1 1.84±0 5.97±2.08 4.37±1.34 0.082

G2 0 7.24±1.87 5.83±2.18 0.444

Discussion
The aims of this study was to assess and compare signif-
icant molecular, biochemical, and hormonal variables 
of PCOS  patients versus matched control groups. In 
studying these two populations, we identified a number 
of statistically valuable differences between both groups, 
which are indicative of the heterogeneous and multifac-
torial nature of PCOS. Many features of PCOS include 
metabolic derangements (IR), hormonal disturbanc-
es, and emerging novel molecular patterns (microR-
NAs). At this time, IR has been established as a primary 
pathogenic feature associated with PCOS with respect 
to hyperinsulinemia and additional concurrent met-
abolic changes associated with hyperinsulinemia and 

additional metabolic adaptations. In our study popula-
tion, we also found that there were statistically depleted 
mean serum insulin concentrations in the PCOS patient 
population as than the HCs. Our findings contrast with 
the majority of previous research that indicates elevat-
ed concentrations of serum insulin in PCOS as a conse-
quence of systemic IR.12 A potential explanation for this 
difference may be due to the inclusion of non-obese and 
lean PCOS phenotypes that do not demonstrate high 
levels of IR.13 Furthermore, confounding variables such 
as BMI, physical activity, and nutrition were not con-
trolled in this research, and all have been shown to con-
siderably impact insulin dynamics.14 

Although the frequency of IR (as identified by ele-
vation of HOMA-IR) showed no statistical significant 
difference between groups, the mean of HOMA-IR was 
surprisingly lower in PCOS participants than in con-
trols. This contradicts previous studies indicating higher 
HOMA-IR in PCOS women.15 However, as Daan et al.16 
and others have observed, the expression of IR in PCOS 
can vary based on age, BMI, and ethnic background. 
It is also possible that HOMA-IR underrepresents tis-
sue-specific IR (e.g., ovarian or hepatic), which could 
still be present in PCOS despite lower systemic levels.17

Our findings showed significantly elevated FBG lev-
els in the PCOS group, consistent with prior research 
documenting impaired glucose tolerance and increased 
risk for T2D in PCOS women.18 Moran et al.19 demon-
strated that PCOS elevates the risk of metabolic syn-
drome and glucose dysregulation even in normal-weight 
individuals. These results underscore the importance of 
metabolic monitoring in all PCOS phenotypes, regard-
less of body habitus.

The elevations in serum LH and ratios of LH to FSH 
seen in the PCOS population studied are consistent 
with multiple previously reported features of PCOS. In 
PCOS, the elevated frequency of the LH pulsatile release 
of  gonadotropin-releasing hormone (GnRH)  leads to a 
predominant secretion of LH and a subsequent increase 
in androgen production, which are contributing fac-
tors to the ovulatory dysfunction seen in PCOS.20  Our 
finding that over 50% of PCOS patients exhibited high 
LH levels and a significantly higher LH/FSH ratio than 
controls aligns with studies by Azziz et al.21 and Ros-
enfield and Ehrmann,22 further validating these param-
eters as useful diagnostic indicators. In contrast, FSH 
concentrations were modestly but significantly depleted 
in PCOS patients. Although the frequency distribution 
across FSH categories was not significant, the mean val-
ue difference may reflect disrupted granulosa cell func-
tion and impaired follicular development, as previously 
described.23

Unexpectedly, PCOS patients had lower mean AMH 
levels than controls, contradicting the conventional un-
derstanding of AMH elevation in PCOS due to a small 
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antral follicles increase.24 Discrepancy of this could be 
due to heterogeneity in PCOS phenotypes, assay dif-
ferences, or diminished ovarian reserve in a subset of 
patients.25 Ahmad et al.26 reported similar variability 
in AMH among different PCOS subtypes, suggesting it 
should not be used in isolation for diagnosis. This re-
sult aligns with Hmood et al.,27 who discovered that an-
ovulatory women with polycystic ovaries had a relative 
lack of AMH in their transitional and primordial fol-
licles in the ovaries. This could be an influencing fac-
tor that leads to the abnormal early follicle development 
seen in PCOS.

Recent research has emphasized the role of non-cod-
ing RNAs, including miRNAs, in regulating PCOS-re-
lated pathways. Our study found a markedly reduced 
level of microRNA-320a-3p folds in the PCOS patient 
group than the controls. This is parallel with findings 
by Chen et al.,28 who found that microRNA-320a mod-
ulates insulin signaling and granulosa cell proliferation. 
Downregulation of this miRNA may therefore contrib-
ute to follicular arrest in PCOS.29 These findings sup-
port the growing interest in microRNA-320a-3p as a 
potential biomarker for disease diagnosis or progres-
sion monitoring.

The present research provides novel insights into the 
relationship between microRNA-320a-3p folds and IR, 
measured using HOMA-IR, in PCOS women than the 
HCs. In our PCOS group, we found a statistically valu-
able positive relationship between microRNA-320a-3p 
folds and the HOMA-IR score. This was not the case for 
participants in the HC group. Thus, microRNA-320a-3p 
may have some type of role in the pathogenesis of IR 
for people diagnosed with PCOS (Table 3). Our results 
agree with previous research that has implicated microR-
NA-320a in metabolic disorders, particularly in regulat-
ing signaling pathways for insulin. Luo et al.30 showed 
that microRNA-320a expression was positively associat-
ed with markers of IR, including HOMA-IR and fasting 
insulin concentration and Vogt et al.31 reported that mi-
croRNA-320a targets several key genes involved in insu-
lin signaling, such as insulin receptor substrate 1 (IRS1) 
and phosphoinositide 3-kinase (PI3K), and its overex-
pression was linked to impaired insulin sensitivity in 
ovarian granulosa cells, further supporting its mechanis-
tic involvement in PCOS-associated IR. In contrast, oth-
er studies have recorded conflicting findings regarding 
the role of microRNA-320a in metabolic regulation. For 
instance, Du et al.32 discovered that the levels of circulat-
ing microRNA-320 were downregulated in patients with 
T2D and speculated that its loss may contribute to IR via 
the dysregulation of insulin-responsive genes. This dis-
crepancy could reflect tissue-specific or context-depen-
dent roles of microRNA-320a, whereby its expression 
may differ between insulin-sensitive tissues (e.g., mus-
cle, adipose) and the systemic circulation or ovaries in 

PCOS. Notably, in our HCs group, although individu-
als with high microRNA-320a-3p expression had slightly 
higher mean HOMA-IR levels, the association failed to 
achieve statistical significance (Table 3). This may high-
light the absence of underlying endocrine or inflamma-
tory disturbances in healthy individuals that are known 
to amplify miRNA dysregulation in PCOS. It is possible 
that microRNA-320a-3p exerts a more pronounced ef-
fect on insulin metabolism in the presence of hormonal 
imbalances and chronic low-grade inflammation typical 
of PCOS, as previously suggested by Cirillo et al.33 Taken 
together, our findings reinforce the growing body of evi-
dence that microRNA-320a-3p could potentially act as a 
promising marker for IR in PCOS. Its expression appears 
to be more tightly linked to metabolic dysfunction in 
pathological contexts than in physiological conditions. 
Further study is needed with larger sample sizes and ap-
propriate in vitro models to better clarify the direct rela-
tionship between microRNA-320a-3p and IR, as well as 
to investigate the potential for therapeutics. In current 
study, we also reported a positive relationship between 
AMH concentrations and HOMA-IR scores for both the 
PCOS and HCs groups (Table 4). This finding matches 
with other studies suggesting that AMH is also involved 
in metabolic problems aside from being an indicator of 
ovarian reserve. Additionally, we found there to be a sta-
tistically significant positive relationship between high-
er AMH concentrations and higher HOMA-IR scores 
in the PCOS cohort, which confirms previous observa-
tions made by Pigny et al.34 results from those research-
ers indicated that women diagnosed with PCOS have 
high concentration of AMH and often have hyperandro-
genism and IR, which provides evidence that AMH may 
help link ovarian dysfunction with metabolic abnormal-
ities. In addition, it is interesting to note that 100% of 
PCOS individuals with high AMH awere found to be-
long to the category of high HOMA-IR, which suggests 
that AMH may be used as an indicator of metabolic risk 
stratification in patients with PCOS. This finding cor-
roborates the findings of Jun et al.,35 who postulated that 
AMH might be used as a predictor of reproductive and 
metabolic profiles in women with PCOS. In this same 
vein, high HOMA-IR was also significantly correlated 
with high AMH in the HC sample, with 45.5% of high 
AMH subjects showing high HOMA-IR levels. This ob-
servation provides preliminary evidence that the rela-
tionship between IR and AMH may not be restricted to 
women with PCOS, and while still limited, other stud-
ies suggest this possibility as well. Capuzzo et al.36 noted 
that among normoovulatory women, persons with high 
AMH may exhibit subtle endocrine or metabolic abnor-
malities. Teede et al.37 reported that IR could appear be-
fore symptoms of PCOS show in women with higher 
levels of AMH, which indicates the possibility of a pre-
clinical metabolic phenotype. However, there are some 
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studies that do not support a clear relationship between 
AMH and IR. For instance, Simoes-Pereira et al.38 did not 
report a linear correlation between AMH and IR among 
non-PCOS groups based on the individuals’ ages, BMI, 
and differences in how AMH was measured. So the dif-
ferences in the sample population’s characteristics, how 
participants were chosen to be part of a study, and the 
methodology used by each study to analyze data might 
account for some of the differences found when reading 
these studies. Thus, our findings support the idea that 
AMH has an even bigger role than just being a biological 
marker of reproduction by suggesting that AMH could 
be linked as an indicator for metabolic health. This find-
ing also has far-reaching clinical applications concerning 
how to recognize and prevent the development of PCOS 
and other metabolic diseases that are related to PCOS. 
To better understand the significance of our current 
findings, further long-term studies will need to examine 
the causal pathways and mechanisms linking AMH to IR 
in many different populations.

In this investigation, microRNA 320a-3p expres-
sion is statistically correlated with both the LH/FSH 
ratio and LH serum concentrations in patient’s di-
agnosed with PCOS but not with HC (Tables 5). This 
implies that microRNA 320a-3p is likely to play an im-
portant disease-specific regulatory role in the imbal-
ance of gonadotropins which is characteristic of the 
development of PCOS. These results align with new 
evidence suggesting that microRNA-320 family mem-
bers are involved in regulating reproductive hormones 
and ovarian function. For instance, Cirillo et al.33 re-
ported that microRNA-320a levels were dysregulated 
in the granulosa cells in PCOS women, and this dys-
regulation was linked to impaired folliculogenesis and 
altered LH signaling pathways. Similarly, Zhang et al.39 
demonstrated that microRNA-320a targets the path-
ways of runt-related transcription factor 2 and mito-
gen-activated protein kinase, both of which contribute 
to gonadotropin responsiveness and ovarian function 
steroidogenesis. The current study’s observation of el-
evated LH/FSH ratios and serum LH levels in individ-
uals with high microRNA-320a-3p expression further 
supports a mechanistic link between this miRNA and 
hypothalamic-pituitary-gonadal axis dysregulation. No-
tably, the LH/FSH ratio is widely recognized as an im-
portant diagnostic and pathophysiological marker in 
PCOS, contributing to anovulation and hyperandro-
genism.22 The miRNA’s selective association with re-
productive parameters, but not metabolic indices (e.g., 
FBG, insulin, AMH), suggests a functional specificity of 
microRNA-320a-3p in neuroendocrine signaling rath-
er than in metabolic homeostasis. Moreover, the lack 
of association with metabolic indicators in our cohort 
aligns with previous studies that questioned the role of 
microRNA-320a in IR or glucose metabolism among 

PCOS patients.40 Overall, this study contributes nov-
el evidence to the field by highlighting a distinct reg-
ulatory relationship between microRNA-320a-3p and 
gonadotropin imbalance in PCOS. The findings of this 
study speculate that microRNA-320a-3p could be used 
as a biomarker for neuroendocrine dysregulation asso-
ciated with PCOS; however, further studies will need to 
be conducted to establish causality and elaborate on the 
mechanisms of action.

The current work has also demonstrated an inverse 
correlation between FBG and AMH concentrations 
in women diagnosed with PCOS. This result is in line 
with other investigations indicating a role for both en-
docrine and metabolic pathways through which AMH 
influences the development of PCOS. Women having 
the highest amount of AMH available had significant-
ly decreased concentrations of FBG than did women 
having lower amounts of AMH, indicating a potential 
protective mechanism by AMH from the effects of hy-
perglycemia (Table 6). Results from our study were con-
sistent with those reported in the cohort of González et 
al.,41 who found a negative relationship between elevat-
ed AMH concentrations in PCOS patients of reproduc-
tive age and FBS. However, our findings differed from 
the study by Md Muslim et al.,42 which recorded no sta-
tistically significant associations between AMH and 
either FBG or IR in PCOS subjects. The differences ob-
served may be due to different BMI distributions, AMH 
cut-offs used by the studies which classified study par-
ticipants into their respective levels of AMH, or assay 
variability within different research settings. The obser-
vation of elevated levels of insulin concentration among 
women who have high levels of AMH raises the possi-
bility of compensatory hyperinsulinemia. Similar obser-
vations were also found by Guo et al.,43 who proposed a 
paradoxical relationship between AMH and FBG, stat-
ing that while AMH may be associated with low FBG, 
AMH may also be positively correlated with hyperinsu-
linemia due to impaired action of insulin at the cellular 
level. This evidence supports the concept that the mark-
ers of ovarian reserve and metabolic markers may have a 
complex and potentially bidirectional interaction.

The lack of association between AMH and gonado-
tropins (LH and FSH) found in our study was inconsis-
tent with other studies, including Lie Fong et al.,44 who 
found some evidence of a correlation between LH and 
AMH in a smaller and more homogenous population 
of women diagnosed with PCOS. It is likely that differ-
ences in sample sizes and to what extent the sample was 
representative of the larger population explain these dis-
crepancies. The lack of association between AMH and 
gonadotropins in our analysis could be attributed to the 
insulin-dependent disruption of the hypothalamic-pitu-
itary-ovarian axis, which may separate the typical inter-
actions of gonadotropins and ovarian follicular activity. 
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In addition to supporting the concept that AMH has 
many influences (e.g., metabolic and hormonal) not yet 
captured by standard laboratory measurements, the lack 
of correlation between AMH and metabolic or hormon-
al markers in the control group indicates that AMH has 
a greater range of influences (e.g., metabolic and hor-
monal) in the dysregulated metabolic-endocrine envi-
ronment of women with PCOS than in women without 
menstrual irregularities.

There are various limitations within this research 
study. One limitation is that the sample size was very low 
(n=90), restricting its applicability to larger populations 
and decreasing the overall power of the outcome vari-
ables. Additionally, the research was conducted at only 
one location (Iraq), which could introduce geographic/
ethnic bias that is not present in other countries. Final-
ly, because of the case/control design of this study, there 
is no way to determine how levels of biomarkers evolve 
over time, or due to treatment/intervention. Therefore, 
it would be beneficial to include a larger number of mi-
croRNAs in addition to microRNA-320a-3p; this might 
provide additional or more accurate information for di-
agnostic purposes.

The unexpectedly low HOMA-IR measurement 
values that were recorded in the PCOS group need to 
be interpreted with caution. These results may be in-
dicative of the predominant presence of a lean or non-
obese phenotype within the population of patients 
with PCOS along with other uncontrolled confound-
ing factors, including BMI, dietary consumption and 
level of exercise. In addition, the HOMA-IR calcula-
tion provides an estimation of systemic insulin IR but 
does not assess tissue-specific IR (eg, ovarian IR or he-
patic IR), and therefore it is possible that tissue-spe-
cific IR continues to exist despite the measurement of 
lower systemic IR.

Conclusion
This research demonstrates that microRNA-320a-3p 
and AMH have diagnostic value for women with PCOS, 
adding to understanding of both the physiological and 
clinical implications of these factors. Expression of mi-
croRNA-320a-3p is statistically decreased in PCOS 
women, and there are changes in the amount of AMH 
produced by the body. The correlation between microR-
NA-320a-3p and IR (HOMA-IR), LH, and the LH/FSH 
ratio indicates that these biomarkers represent distur-
bances in both metabolism and the neuroendocrine sys-
tem, which are inherent to PCOS.

The different patterns of expression observed be-
tween patients with PCOS and HC suggest that mi-
croRNA-320a-3p and AMH may be useful as additional 
diagnostic markers alongside traditional biochemi-
cal and hormonal parameters. Furthermore, the rela-
tionship between these markers supports that there is a 

multi-dimensional role for them in defining PCOS phe-
notype heterogeneity. In addition to serving as a diag-
nostic biomarker for PCOS, microRNA-320a-3p has the 
potential to be used as a therapeutic target in the fu-
ture, due to its function in regulating metabolic and re-
productive pathways involved in the pathophysiology of 
PCOS. Therefore, large-scale, multi-center, longitudinal 
studies are needed to confirm the observations of this 
study; however, this work highlights the potential val-
ue of using molecular biomarkers as part of the diag-
nostic framework for PCOS, thereby facilitating earlier 
diagnosis, improving risk stratification, and eventually 
providing a foundation for developing individualized 
management approaches.
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