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ABSTRACT

Background: MicroRNAs are small non-coding RNA molecules crucial
in regulating gene expression. In Polycystic Ovary Syndrome (PCOS), a
common endocrine disorder in women of reproductive age, miRNA-21
and other miRNAshave been consistently reported as dysregulated,
contributing to its pathophysiology. In PCOS, these are commonly
altered (either raised or lowered) in ovarian cells and blood and this
alteration can lead to the abnormal development of follicles,
inflammation and hormone imbalance, which are major issues in PCOS.
As a result, a potential biomarker for this condition that is associated
with considerable morbidity. The development of potential biomarkers
is important in developing countries such as Pakistan with high
prevalence rates of up to 52% in Pakistani women of reproductive age
as well as high co-payments impacting on seeking care. This is a key
public health consideration in developing countries where multiple visits
may be needed before a diagnosis of PCOS is made. Consequently,
there is a need to consolidate current evidence to provide future
direction. Materials and Method: A systematic review including
studies showing that miRNA-21 and other miRNAs are involved in
dysregulation in women with PCOS, including studies analyzing ovarian
tissue and blood samples, and providing public health guidance building
on co-author experience. Results:52 studies were involved in the
review. The dysregulation of miRNA-21 in PCOS is associated with
altered hormonal levels, particulatly elevated androgens, and insulin
resistance. The over expression of miRNA-21 is believed to contribute
to metabolic disturbances commonly observed in PCOS patients.
Overall, miRNAs have emerged as potential biomarkers for diagnosing
PCOS due to their significant role in associate metabolic and hormonal
alterations. Conclusion: The findings from this study provide valuable
insights into the mechanisms of PCOS and the potential for miRNA-
21as a biomarker and therapeutic target. This is crucial in developing
countries such as Pakistan to address the challenges associated with
diagnosing and managing PCOS. Other approaches are also needed to
improve the mental health, and reduce morbidity, in this vulnerable

group.
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INTRODUCTION

Polycystic Ovary Syndrome (PCOS) is a
highly prevalent endocrine condition that
affects women in their reproductive years'"
. It is a complex endocrine disorder
typically affecting between 4 up to 20% of
women of reproductive age globally
depending on the diagnostic criteria’®.
However, prevalence rates vary by
ethnicity with higher estimates in women
who are black or of Middle-Eastern origin
versus for instance Chinese women or
white populations®”". Published studies
have also reported high prevalence rates up
to 52% among Pakistani women of
reproductive age versus appreciably lower
rates among Western women'"". Similar
high prevalence rates have also been seen
among Asian women from the Indian
subcontinent living in  the United
Kingdom". Increasing obesity also directly
impacts on female reproductive health,

particularly ~ for  conditions including
PCOS™.
PCOS 1s characterized by

hyperandrogenism, ovulatory dysfunction
and polycystic ovarian morphology"™>'">'.
The etiology of PCOS is also
multifactorial, involving genetic,
environmental, and lifestyle factors®'>"".
However, the exact aetiology as well as the
underlying mechanisms regarding the
neuroendocrine and metabolic traits of
PCOS are still unclear*™™"”. Currently,
clinical diagnosis depends upon a number
of factors. These include irregular
menstrual cycles, excess facial hair growth
along with acne, weight gain and
infertility”*. Alongside this, radiological
assessments demonstrating multiple cysts
in the ovaries™’. These signs  and
symptoms are also seen in women in
Pakistan with diagnosed PCOS, e.g. 80%
are obese, 42% have trouble losing weight,
between 49.2% and 71.8 % have irregular
periods, between 53.8% to 67.3 % have
acne and 50% have extreme hair loss'**'.

However, before a diagnosis of PCOS can
be made other causes of these clinical
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features need to be excluded’. These
include  hyperprolactinemia  alongside
potential tumours including ovarian or
adrenal tumours™. As a result, a
systematic approach towards diagnosis and
treatment is important. This especially with
the underlying mechanisms regarding the
neuroendocrine and metabolic traits of
PCOS still unclear alongside the exact
aetiology*”*. The diagnostic criteria for
PCOS have recently incorporated the
measurement of Anti-Mullerian hormone
(AMH) levels as an alternative to
ultrasound®”**. In addition, peripherally
generated 11-oxygenated androgens are
also being seen as important predictors of
metabolic risk’. However, a systematic
approach to diagnosis and management is
still normal practice.

Early diagnosis is important since PCOS
has an appreciable impact on the health of
women, including their mental health and
quality of life, as well as considerable
economic consequences”*”. Long term
complications, incorporating long-term
metabolic health consequences, include
insulin resistance and type 2 diabetes,
hypertension, coronary vascular disease,
obstructive sleep apnea, anxiety and
depression as well as infertility™'*'>",
These complications are also seen among
women with PCOS in Pakistan, where the
symptoms of anxiety and depression are
common, exacerbated by sexual
dysfunction, which adversely affects their
quality of life'”"**. In addition, PCOS
enhances the infertility rate among women
in Pakistan, with rates as high as 38.5%
reported™**,

As a result of potential morbidity issues, as
well as current prevalence rates, the
financial burden of PCOS can be
considerable™”. It has been estimated that
the annual burden of PCOS in the UK is at
least GB£237 million, enhanced by high
prevalence rates of diabetes (26.5%) in this
population”. Riestenberg et al. (2022) in
the United States estimated that the total
annual costs of PCOS, including the
additional total healthcare-related
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economic burden due to pregnancy-related
and long-term morbidities, was $4.3 billion
(2020 USD)*”. More recently, Yadav et al.
(2023) estimated that the direct annual
healthcare costs for the most common
mental health disorders in patients with
PCOS in the USA, including anxiety,
depression, and eating disorders, exceeded
$4 billion (2021 USD)*. Taken together
with their previous research, Yadav et al.
(2023) believed overall that the healthcare-
relatedeconomic burden of PCOS in the
USA now exceeds $15 billion annually*.
This takes into account the costs of
diagnosis as well as the costs of
complications, which includes PCOS-
associated mental health, reproductive,
vascular, and metabolic  disorders*.
Consequently, diagnosis and management
of women with PCOS needs to improve to
reduce the public health burden and
associated costs.

In view of these current concerns, it is
important to try and diagnose PCOS as
early as possible, and treat effectively,
especially in low- and middle-income
countries (LMICs) where the burden of
healthcare can be considerable with high
patient co-payments”*. This includes
measures to reduce CVD risk including
lifestyle changes and pharmacotherapy as
well as medicines such as metformin to
treat insulin  resistance in  PCOS
patients””>** " Such  measures  are
important in Pakistan with patients with
untreated PCOS exhibiting high prevalence
rates of hyperandrogenism  (77.7%),
diabetes  (60.9%), infertility (33.2%),
hypertension (19.8%), miscarriages
(15.5%), high cholesterol levels (19.3%)
and hyperandrogenism®. This is perhaps
not surprising with high rates of obesity
among women with PCOS in Pakistan™.
Limited self-knowledge as well as issues of

shyness can exacerbate the
problem,creating public health
pressures” "',

One area of growing interest in helping
with diagnosis and management of PCOS
is the role of microRNAs in its

pathogenesislg’:_’l“. miRNAs are small,
non-coding RNA molecules that regulate
gene expression post-transcriptionally and
are involved in numerous physiological
and pathological processes, including
metabolic and endocrine regulation'®*.
miRNA-21, has garnered significant
attention due to its broad regulatory roles
and dysregulation in various diseases
including PCOS'™*. miRNA-21 is also
known to be involved in cell proliferation,
apoptosis, and differentiation, and its
dysregulation has been linked to
inflammatory responses and metabolic
disorders™. In PCOS, miRNA-
2lexpression changes have been very
much associated with the onset of insulin
resistance, lipid metabolism disorders and
hormonal homeostasis™*.

Previous studies have compared the
expression of miRNA-21 in different
tissues and biological fluids in women with
PCOS™™ It has been suggested that high
circulation of miRNA-21 inserum can be
proposed as good non-invasive biomarkers
representing underlying metabolic and
endocrine disorders®™®. In addition, a
series of studies on profiling follicular fluid
has shown specific miRNA-21 standards
that regulate both the microenvironment
and follicular progression in the ovaries”**
. These combined studies support the
idea  that the aberrant miRNA-
2lexpression is not only the reflection of
the systemic inflammation and metabolic
maladjustment but also a key mediator in
ovarian dysfunction in PCOS.

This is a systematic review that will
summarize evidence on the distribution,
expression  patterns, and  regulatory
implications of miRNA-21 specifically and
also other miRNAs that have been already
reported in the PCOS women. The review
aims to explain the role of altered miRNA-
21 expression in leading to hormonal
disequilibrium, insulin resistance and
metabolic dysfunction in the presence of
their upregulation or down-regulation in
various biological settings'*”"**"®, By so
doing, it builds on the previous studies to
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bring about a modern and comprehensive
insight into how miRNA-21 mediated
pathways in PCOS occur, and may be used
in future diagnostic and therapeutic
innovations. This is very important in
LMICs such as Pakistan which, as
mentioned, have high prevalence rates of
PCOS among women of reproductive age.
Alongside this, concerns with affordability
among patients needing to regularly
seeking help from physicians as part of any
lengthy diagnosis and management of
PCOS. There are also issues of shyness
and knowledge which also need addressing
to address the health issues and concerns
in this vulnerable population'.

MATERIALS AND METHOD

Studies in this systematic review had to
meet a number of critetia to be
incorporated into the review. These
included:

e Articles involving human subjects
diagnosed with PCOS.

e Studies  that  investigated  the
expressions of miRNA-21 and other
miRNAs involved in PCOS.

e Articles published in peer-reviewed
journals.

e Studies providing clear data on the
methods used to quantify miRNAs
levels.

e Papers written in English with English
recognized as the principal scientific
languagem’71

Exclusion criteria included any meta-
analyses, editorials, case reports, animal
studies, and studies with insufficient data.

The research question was established in
order to investigate the difference in the
expression of mictoRNAs in women with
polycystic ovary syndrome (PCOS) and
healthy controls. This study was aimed at
discovering  that miRNA-21sign  up-
regulated or down regulated in PCOS and
how they may be involved in the diagnosis
and pathophysiology of the disease.

We conducted a comprehensive search of
electronic databases including PubMed,

The miRNAs involved in PCOS and the implications

Scopus, Web of Science and Google
Scholar using defined search terms (Table
S1). The search strategy was developed to
ensure  maximum  sensitivity ~ and
comprehensiveness. It combined both
Medical Subject Headings and free-text
terms related to “microRINAs, miRNA-21”
and “polycystic ovary syndrome”. The
search was conducted across databases
including PubMed, Scopus, and Web of
Science from January 2014 to April 2024
and the reference lists of relevant studies
were also screened to identify additional
eligible publications.

The search was limited to articles
published from January 2014 to April 2024
as we wanted to include only the latest
information. The review has considered
the latest ten years as it was chosen due to
the rapid development of miRNA-
21research  and  capture  up-to-date
evidence. The reference lists of all included
articles were also manually searched to
identify any further relevant studies that
may have been missed to enhance the
robustness of the findings. The last search
was conducted on April 30, 2024.

This systematic review was conducted
according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA  2020) guidelines to ensure
transparency and reproducibility*™* .

A reference management software was
used to remove duplicates of all search
results. Selection of the studies was done
in two phases. (1) title and abstract first
and (2) subsequently full-text review by
three reviewers each for pertinent papers.
Differences were sorted out by consensus
or the intervention of a third reviewer.
Data mining was also conducted twice in a
standardized Excel sheet, whereby, details
like the name of the author, the year of
publication, country or region, study
design, sample size, miRNAs that are being
studied, method of detection and major
findings were collected. Three reviewers
were used to evaluate the quality of the
studies and a consensus was reached to
eliminate bias.

191

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

The papers in the Tables in the Results
Section have been documented in year
order starting with the earliest papers. In
this way, demonstrate any progression with
miRNA-21as a possible marker. If there is
more than one paper published in any year,
the authors will be cited in alphabetic
order.

Finally, the health policy and educational
guidance to improve the management of
women with PCOS will be based on the
considerable experience of some of the co-
authors working for many years with
health authority personnel and their
advisers across multiple disease areas,

countries and  continents including
LMICs™™.

RESULTS

Our initial search yielded 4670 results.
After removing duplicates and screening
titles and abstracts, 4619 studies were
subsequently excluded for not meeting the
inclusion criteria. Figure 1 depicts the

Prisma flow chart of our systematic
literature  search. We  subsequently
retrieved and examined the full texts of 52
studies for detailed assessment (Figure 1).

The studies included in this review were
conducted across various geographical
regions, predominantly though in Europe,
Asia, and North  America, and
encompassed a range of study designs
including cross-sectional, case-control and
cohort studies. The sample sizes varied
appreciably between the studies, with
participant numbers ranging from 20 to
over 300 women diagnosed with PCOS.
Diagnostic criteria for PCOS included the
Rotterdam criteria, NIH criteria, and AE-
PCOS Society criteria.

Figure 1: PRISMA flow diagram of the systematic literature search.

Records removed before the screening:
N Duplicate records removed (n=2105)

Animal studies (n = 145)

Records with insufficient and
irrelevant data

(n =2368)

)
Records identified from Databases:
Google Scholar, Scopus, PubMed,
Identification Science Direct
(2014-Present) n=4670
l
)
Records screened
(n = 2420)
Screening l
Reports assessed for eligibility
(n=52)
(& J
Studies included in review
Included
(n=52)

Table 1 provides a summary of the expression levels ofmiRNA-21 in the included studies.
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Table 1: Summary of miRNA-21 Expression Levels in PCOS Patients

Main Results (up | Derected
Authors and g4 Type | Sample Siz lated or d v
Year y Typ ple Size Age (years) | regulated or down Cells/Tiss
regulated)
ues
Jiang et al., |Retrospective |60 (30 PCOS, 30 |23.8-29.4 Up regulated: miR-21  |Serum
2015 (57) case-control  |control) (PCOS), 24.5-
31.3 (control)
Naji etal., [Case-control [N =66 (19 with [28.89 + 1.07/ [Down regulated in Follicular
2017 (99)  [study normoandrogenic [28.24 £ 0.82  |follicular fluid: miR-21  |fluid,
PCOS, 22 with granulosa
hyperandrogenic cells
PCOS, 25 controls)
Dhaded &  [Case-control  |235 (110 PCOS,  [Not specified |Up regulated: miR-21  Serum
Dabshetty, 125 control)
2018 (100)
Sorensen et |Case-control [N = 62 27.0+ 75/ Down regulated: miR-  |Follicular
al., 2019 study 42 PCOS patients [27.0 = 6.3 21-3p fluid
(101) and 20 Controls
De Nardo  [Cross-sectional N= 52 (36 PCOS |Not specified |Upregulated: 7zR-27-5p |Serum
Maffazioli et [study and 16 controls)
al., 2022
(102)
Rashid et al, [Systematic 200 (100 PCOS,  [21-30(PCOS), [Upregulated: miR-21 Granulosa
2024 (62)  [Review 100 control) 24.5-31.3 cells, blood,
(control) follicular
fluid
Naredi et al., |Case-control  |Patients: 295 Upregulated: miR-21 Serum
2024 (90)  |study
Sabry et al., [Case-control [Not specified 25-40 Upregulated: miR-21 Human
2024 (92)  [study granulosa
cells

Several studies identified and validated target genes of miRNA-21linvolved in metabolic and
endocrine pathways. These genes include PTEN, RECK, and PDCD4, which are implicated
in cell proliferation, apoptosis, and insulin signaling. This shows the miRNA-21identified in
the reviewed studies and their expression in PCOS. Table 2 lists the other MiRNA identified in

the reviewed studies and their expression in PCOS.

Table 2 : Summary of Other MiRNA Involved in PCOS

Authors 5 Main Results Detected in
and Year Study Type Sample Size Age (years) |(upregulated or Cells/ Tissues
downregulated)
Long et al., [Case-control [N =136 (68 with  [26.6 £ 2.8/ 27.9 |Upregulated: Serum
2014 (103) [study PCOS, 68 controls) [+ 3.4 miR-222, 146a
and 30c
Roth et al., |Case-control  [Not specified 331+ 4.4/ Upregulated: Follicular fluid
2014 (104) |[study 27.1+3.6 miR-32, 34c,
135a, 18b, and 9
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Authors . Main Results Detected in
and Year Study Type Sample Size Age (years) |(upregulated or Cells/Tissues
downregulated)
Wuetal, |Case-control |IN=31 32.33 £5.03/  |[Upregulated: Adipose tissue
2014 (104) |study 16 women with 25.49 + 5.56 miR-93, and 25
PCOS (8 with and 8
without IR) and 15
non-PCOS (9 with
and 6 without IR).
Ding et al., [Case-control  [Screening cohort (N [27.9 £ 4.3/ Upregulated: Serum
2015 (63)  |study =18,9 PCOS, 9 28.7 £ 5.2 miR-5700, let-7i-
controls) 3 pm, 4463, 3665
Verification cohort and 638
(N = 18,9 PCOS, 9 Downregulated:
controls) miR-124-3p, 128,
292-3p and let-7¢
Jiang et al., |Case control |24 (16 PCOS, 8 29.69£2.39/31.75|Upregulated Granulosa cell
2015 (106) control) +4.40 miR93, 107
Lin etal, [Case-control [N= 18 (10 PCOS, 8 [28.80%3.97/32.00/miR-19b, 92a,  [Ovarian Theca
2015 (107) control +2.16 92b,141, and internal tissue
200a
Downregulated
Liuetal., [Case control N=20 (10 PCOS, 10 [27.4 £ 2.6/ 29.4 |Upregulated: Cumulus cells
2015 (108) [Study control +3.0 miR-513a-3p,
508-3p, 513b,
514, 509-5p,
513c, 144, 510,
509-3p and 508-
5p Down
regulated: miR-
151-3p, 720, 615-
3p, 127-3p, 455-
3p, 342-3p and
654-3p
Sathyapalan [Case-control [N = 49 (25 with 32.1+£9.0/ Up regulated: Plasma
etal., 2015 [study PCOS, 24 controls) [32.2 + 7.7 miR-93 and 223
(109)
Shietal., [Case-control [N =48 (24 with 283+ 3.3/ Down regulated: [Cumulus cells
2015 (110) |study PCOS, 24 controls) [28.5 + 3.6 miR-483-5p and
486—-5p
Song et al,, |Case-control [N =134 (67 with  |26.7 £ 2.7/ Down regulated: [Serum
2015 study PCOS, 67 controls) [27.6 £ 3.3 miR-592,124-3p,
(111) 128, 29-3p, 16,
106b, 19a, 24,
186, let-7c and
1228
Xuetal, |Case-control [N =41 (21 with N/A Upregulated: Cumulus
2015 study PCOS, 20 controls) miR-423-3p, granulosa cells
(112) 3651, 3653, 151b,
1273 g-3p, 590-
5p, 3648, 7845-
5p, 27a-5p, 1275,
483-3p, 7-5p,
483-5p, 10a-5p,
JMCWH, Vol-22, Issue-1, January 2026 194
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Authors
and Year

Study Type

Sample Size

Age (years)

Main Results

(upregulated or
downregulated)

Detected in
Cells/Tissues

184, 619-5p,
513b-5p, 1307-
5p, 4516, 1307-
3p, 514b-5p
Down regulated:
miR-3529-3p,
7974, 3065-5p,
214-3p, 200a-3p,
203a, 4732-5p,
423-5p, 3184-5p,
548n, 221-3p,
149-5p, 1298-5p,
193a-3p, 365a-3p,
219a-1-3p, 550b-
2-5p, 144-5p,
660-5p, 548e-3p,
652-3p, 222-
3p,506-5p, 193a-
5p, 210-5p, 365b-
5p, 330-3p, 223-
3p, 186-5p, 185-
5p, 92b-3p, 199b-
3p, 766-5p, 15b-
3p, 339-5p, 3960,
766-3p, let-7a-3p

Huang et al,,
2016 (113)

Case-control
study

N = 36 (18 with
PCOS, 18 controls)

32.6 £3.1/
34.6 £ 2.2

Upregulated:
miR-135b-5p,
152, 193a-3p,
194-5p, 196a-5p,
200b-3p, 423-3p,
454-3p, 455-5p,
46592-3p, 509-3-
5p, 509-3p, 513b-

Cumulus cells

5p, 652-5p, 95,
1273e
Scalici et al., [Case-control [N = 121 (30 with ~ [Mean age for Upregulated: Follicular fluid
2016 (114) [study PCOS, 91 controls) |cohort miR-30a
33.7+ 4.5 Downregulated:
miR-140 and let-
7b
Song etal., [Case-control [N =42 (21 with 23+ 4/ Downregulated: [Serum
2016 (115) |study PCOS, 21 controls) [24 £ 6 miR-4522, 324-
with preceded pilot 3p, and 6767-5p
study (N = 17)
Sorensen et [Case-control [N =70 28.1+ 4.3/ Upregulated: Follicular fluid
al., 2016 study (49 PCOS women  [27.8 £ 3.8 miR-518f-3p,
(116) and 21 healthy Downregulated:
matched women) miR-24-3p, -29a,
-151-3p, and -
574-3p
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Authors . Main Results Detected in
and Year Study Type Sample Size Age (years) |(upregulated or Cells/Tissues
downregulated)
Xiang et al., |Case-control  |IN = 40 (20 with 273%25/ Downregulated: |Ovarian cortex
2016 (117) |study PCOS, 20 controls) [28.2 + 3.7 miR-483
Cai etal, |Case-control [N = 50 (25 married [N/A Downregulated: |Granulosa cells
2017 (118) |study women with PCOS miR-145
and 25 controls
Eisenberg et|Case-Control [N = 40 (7 normally [26.9 £ 4.3/ 26.8 |Upregulated: Serum
al., 2017 ovulating, 15 t 47 miR-200b and
(119) normally ovulating 429
with pure male
infertility factor, and
18 with PCOS)
Hosseini et [Case-control [N = 410 (205 with [31.2 + 5.5/ 28.5 [Upregulated: Plasma
al., 2017 study PCOS, 205 controls) |£ 5.0 miR-146a and
(120) 222
Xiong et al., |Case-control  |IN = 48 (18 with N/A Downregulated: [Serum
2017 (121) |study PCOS, 30 controls) miR-23a and 23b
Zhang et al,,[Case-control [N = 33 (21 with Not specified Downregulated: |Cumulus cells
2017 (122) |study PCOS, 12 controls) miR-320a
Ebrahimi et [Case-control [N = 372 (180 with [26.8 + 5.5/ Upregulated: 'Whole Blood
al., 2018 study PCOS, 192 controls) [27.0 + 4.38 miR-146a
(123)
He etal, [Case-control [N =123 (62 with  [28.27 £ 3.10/  [Downregulated: |Granulosa
2018 (124) |study PCOS, 61 controls) [28.71 + 2.46 miR-141 and cells
200c
Mao et al., |Case-control |IN = 69 (43 with 30.2 2.8/ Downregulated: |Granulosa cells
2018 (125) |study PCOS, 26 controls) (31.1 + 2.1 miR-126-5p and
29a-5p
Murri et al., |Case-control  |IN = 35 (12 with 27 £ 4/ Upregulated: Serum
2018 (126) [study PCOS, 11 healthy [28£3 miR-34c-5p and
women, 12 men) 548d-3p
Downregulated:
miR-26a-5p, 30c-
5p, 107 and 199a-
5p
Naji et al., |Case-control  |IN = 41 (20 with 29.25 = 0.84/ Upregulated in ~ |Serum,
2018 (127) [study PCOS, 21 controls) [28.42 £ 0.91 follicular fluid:  |granulosa-
miR-182 lutein cells,
Downregulated |follicular fluid
in granulosa-
lutein cells: miR-
145 and 182
Wang et al., |Case-control | = 30 28.71+0.7/ Upregulated: Granulosa cells
2018 (128) |study 17 PCOS patients  {30.0 £ 0.7 miR-27a-3p
and 13 controls
Xue etal., [Case-control [N = 6 (3 with PCOS|N/A Upregulated: Follicular fluid
2018 (68)  |study 3 controls) miR-200a-3p,
10b-3p, 200b-
3p,29¢-3p, 99a-
3p and 125a-5p
Downregulated:
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Main Results

ﬁ::itl;{(::r:r Study Type Sample Size Age (years) |(upregulated or C]:l(;:;?It"iesds:;s
downregulated)
miR-105-3p
Yao etal., |Case-control [N =106 (55with  [28.13 + 0.41/  |Downregulated: [Follicular fluid
2018 (129) |study PCOS, 51 controls) [27.37 + 0.46 miR-335-5p
Zhang et al,,|Case control ~ [N= 40 (20 PCOS, 20[Not specified Upregulated: Follicular fluid
2018 (130) |study control) miR-873-5p
Geng et al,, |Case-control ~ [N=30 (15 martied |[27.23 £ 1.83/  |Upregulated: Granulosa cells
2019 (131) |study women with PCOS |28.53 £ 1.85 miR-99a
and 15 controls)
Hou et al., |Case-control [N = 28 (15 with 29.60 £ 0.66/  [Upregulated: Granulosa cells
2019 (132) |study PCOS, 13 controls) [29.66 + 0.82 miR-3188 and
3135b
Lietal, Case control N = 78 (46 with 2021 + 4.78/ Upregulated: Granulosa cells
2019 (56)  |study PCOS, 32 controls) [29.43 + 3.82 miR-33b and 142
Downregulated:
miR-423
Luo etal,, |Case-control |N =12 (4 with POR[PCOS Upregulated: Granulosa cells
2019 (133) |study 4 with PCOS, 4 (27.00 £ 3.26)  |miR-23a
controls) POR
(37.00 £ 3.16)
Controls (29.00
3.22)
McAllister eCase-control  |N = 14 (7 with Non specified  |Upregulated: Ovarian theca
al., 2019 study PCOS, 7 controls) miR-100-5p, 99b-[cells
(134) 5p, 1271-5p, 409-
5p, 744, 410-3p,
127-3p, 654-5p,
494-3p, 1301-3p,
502-3p, 501-3p
and 1293
Downregulated:
miR-125a-
3p,148b-5p, 195-
5p,130b-3p and
4542a-5p
Rashad et [Case-control [N =100 (60 with ~ [N/A Downregulated: [Serum
al., 2019 study PCOS, 40 controls) miR-320
(135)
Song etal., [Case-control [N = 83 (63 with 2821 +278/  |Upregulated: Granulosa cells
2019 (136) |study PCOS, 20 controls) [27.43 + 3.62 miR-186 and
135a
Wang et al., |Case-control  |IN = 45 28.71+0.8/ Upregulated: Granulosa cells
2019 (137) |study 24 PCOS patients  [29.6 + 1.0 miR-3188 and
and 21 controls 3135b
Butler et al., [Prospective 48 (24 PCOS, 24 Not specified miR-1260a, miR- [Blood
2020 (138) |pilot study control) 18b-5p, miR-424-

5p, miR let-7b-3p

upregulated
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Main Results

ﬁll(liﬂ;{(::r Study Type Sample Size Age (years) |(upregulated or C]:l(;:;?It"iesds:lr;s
downregulated)
Nanda et al.,|Case-control  |IN = 40 (20 with 28.35 % 7.45/  |[Upregulated: Serum
2020 (139) [study PCOS, 20 controls) [25.15 + 4.12 miR-122, 194,
and 193b
Downregulated:
miR-199b-5p
Soyman et [Case-Control [N= 100 (50 PCOS, [Not specified| [miR-132, miR- [Blood samples
al., 2022 50 control) 146a, and miR-
(140) 222
downregulated
Naseri et al,,[Case-control ~ [N=50 (25 PCOS, 25 [28.0814.40/28.72|Downregulated: [Serum
2023 (141) |study Healthy) 5.38 miR-103
Udesen et [Follow up study|N= 55 (46 PCOS  [Not specified Women with Serum
al., 2023 and 9 control) PCOS; miR-103-
(142) 3p, miR-139-5p,

miR-28-3p, and
miR-376a-3p,
'which were
decreased in
PCOS. After
follow-up, miR-
28-3p, miR-139-
5p, and miR-
376a-3p
increased in
PCOS women to
the levels
observed in
healthy controls

The studies reviewed have all indicated that there were significant correlations between
microRNA-21 (miRNA-21) and several hormonal and metabolic parameters in patients with
polycystic ovary syndrome (PCOS). A shift in miRNA-21 expression patterns was also mostly
related to hyperandrogenism, insulin resistance, and dyslipidemia, suggesting that they might
be involved in the metabolic dysfunctions associated with PCOS. Moreover, some studies
have identified the connections between particular miRNA-21 and markers of inflammation,
which serves as arguments in favor of the hypothesis that miRNA-21 may be the cause of the
chronic inflammation of the low grade, which is a hallmark of PCOS. Together, these results
are indicative of a potential integrated role of dysregulated miRNA-2lexpression in the
pathophysiology of PCOS in affecting metabolic, endocrine, and inflammatory pathways® .

A number of these studies have observed circulating miRNA-21as having the potential of
being the non-invasive biomarkers of early detection, diagnosis, and monitoring of PCOS due
to its stability in body fluids and reflecting the underlying molecular changes associated with
the disease”™". Its expression levels in circulating blood samples (serum and plasma) showed
significant differences between PCOS patients and healthy controls, indicating its utility in

diagnosing and monitoring the syndrome.
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DISCUSSION

We believe our updated systematic review
highlights the significant role of miRNA-
2lin the pathophysiology of PCOS, with
our findings consistent with other previous
studies'™>"*** For instance, Naredi et al.
(2024) reported that miRNA-
2lisdifferentially expressed in the serum of
PCOS patients, correlating with insulin
resistance and hyperandrogenism”.
Alongside this, it was identified that
miRNA-2lacts as a potential biomarker
due to its elevated levels in the blood of
women with PCOS, aligning with our
findings of its diagnostic potential”™”".

The wupregulation of miRNA-21 was
observed in various tissues and bodily
fluids of women with PCOS again suggests
its involvement in the syndrome's complex
metabolic and endocrine  disruptors”.
miRNA-21 appears to target key genes
involved in insulin  signaling, cell
proliferation, and apoptosis, contributing
to the characteristic features of PCOS such
as insulin resistance, hyperandrogenism,
and  chronic  inflammation®”.  The
dysregulation of miRNA-21 in PCOS
opens avenues for their potential
application in clinical settingsgl’%. As a
non-invasive biomarker, miRNA-21 could
potentially enhance eatly diagnosis and
monitoring of PCOS, offering a simpler
alternative to current methods that often
require imaging and extensive hormone
profiling, which can be expensive for
women in countries with high co-payment
levels such as Pakistan””. 'This is
particularly important in countries with
high PCOS prevalence rates and concerns
with accessing relevant health services if
multiple visits are needed for diagnosis and
management and where affordability is a
critical barrier along with issues of
shyness'”. TIssues of affordability are
exacerbated if women remain undiagnosed
even after multiple visits to healthcare
providers, which is often the case. Such
barriers can potentially be addressed by
well proven non-invasive markers. Once
available, these need to be a low or no cost

The miRNAs involved in PCOS and the implications

to patients to help address this appreciable
public health challenge.Clarifying the gene
networks and molecular pathways that
dysregulated miRNA-21 modulate may
also open the door to the creation of
innovative, focused therapeutic approaches
meant to address the endocrine and
metabolic abnormalities associated with
PCOS and, eventually, lower morbidity
from the condition™.

However, in order to be able to routinely
use miRNA-21further research must first
confirm its effectiveness as a PCOS
biomarker, building on the its identified
role in this updatedreview. This should be
followed by clinical trials in LMICs such as
Pakistan to assess the effectiveness of non-
invasive tests such as miRNA-21 in the
early diagnosis of PCOS before any full
roll-out. Such trials could be facilitated by
Governments and donors interested with
improving the management of this
condition among this vulnerable
population in LMICs.

In the meantime, there needs to be
enhanced training of physicians and other
healthcare professionals (HCPs) in LMICs
including Pakistan to improve
identification and management of PCOS
given current concerns® ", This starts in
Universities with HCP training to address
current challenges associated with a
diagnosis of PCOS alongside issues of
shyness, embarrassment and reluctance
among women to seek help from HCPs
for their condition™". This includes
training future HCPs to sensitively
question women about their problems
given their possible shyness as well as
potentially lack of knowledge when they
eventually seek help from HCPs for their
problems*. This is especially important in
LMICs with many women undiagnosed
even after visiting many HCPs*".
Alongside this, HCPs should learn to
routinely check women exhibiting signs of
hyper-androgenism or menstrual
irregularities for possible PCOS. Post
qualification, Gynecologists and other
HCPs could coordinate with
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physiotherapists to ensure that potential
PCOS patients are provided with strategies
to address issues of weight and obesity to
reduce potential future complications.

Universities could also educate non-
healthcare students, especially female
students, about PCOS. This includes its
risk factors, causes, prognosis, symptoms
and  available  treatment  options.
Conducting awareness campaigns within
academic  institutions could include
promoting disease education, arranging
talks, as well as distributing material with
disease awareness signage. In addition,
instigating social media campaigns within
universities to  appreciably  enhance
awareness and lower current stigma

associated with PCOS*.,

Alongside this, the Government and
others could instigate campaigns advising
women of reproductive age with BMIs
above 23 about the risks and dangers of
PCOS including its long-term
complications. In addition, provide more
specialist centers for women given the
long-term morbidity and costs associated
with PCOS and concerns with the length
of time often taken to diagnose PCOS™"
** In conjunction, there also needs to be
more educational campaigns among
women generally as we have seen that the
instigation of private social networks in
Saudi Arabia enhanced awareness of
PCOS and improved subsequent care”™.

The current lack of personalized care and
practical advice on lifestyle modifications
also contributes to current dissatisfaction
with healthcare services in Pakistan and
other LMICs*”". Patients can frequently
encounter repetitive and  ineffective
medical advice, leading to frequent changes
in HCPs and treatment approachesl, as
well as face obstructions regarding their
access to HCPs in the first place when
developing PCOS symptoms. As part of
this, Governments, donors and others
should fund research in LMICs such as
Pakistan regarding optimal ways that HCPs
can empower women with suspected or
actual PCOS on knowledge about their

condition as well as practical advice on
lifestyle modifications. Enhanced training
for qualified HCPs, coupled with
awareness campaigns among both HCPs
and women, could also help reduce
cultural barriers and improve the timely
diagnosis and management of PCOS. We
will be monitoring this in the future.

We are aware of a number of limitations
with our review. These include the
relatively small number of studies included
compared with the initial papers sourced.
However, one of the strengths of this
review is the comprehensive search
strategy and rigorous selection process,
which ensured the inclusion of relevant
and high-quality studies. This though may
have reduced the power of detection and
relevance for this non-invasive biomarker.
We also only included published papers
from 2015 onwards for the reasons stated.
Despite these limitations, we believe our
findings are robust and provide direction
for the future to key stakeholder groups
especially in LMICs such as Pakistan.

CONCLUSION

In conclusion, we believe this systematic
review underscores the pivotal role of
miRNAs (specifically miRNA-21) in the
pathogenesis of PCOS. The consistent
upregulation of miRNA-2lacross various
studies, and its association with key
metabolic and endocrine parameters,
highlights its potential as a diagnostic
biomarker and a therapeutic target.
However, further clinical research is
needed to validate these findings. In
addition, explore the clinical applications
of miRNA-21 in PCOS management and
how they could be used as diagnostic
markers. This is especially important in
LMICs such as Pakistan with high co-
payment levels and issues with women
accessing pertinent healthcare services in
the first place.

CONFLICTS OF INTEREST

There is no conflict of interest.

JMCWH, Vol-22, Issue-1, January 2026

200



FUNDING

This research received no external funding.

ETHICAL APPROVAL

There was no need for ethical approval as
this review concentrated only on published
papers. Consequently, there was no direct
involvement of patients.

DATA AVAILABILITY
STATEMENT

All papers contained within the Tables are

referenced.

However, additional

information is available upon reasonable
request from the corresponding author.

REFERENCES

1.

Choudhari R, Tayade S, Tiwari A,
Satone P. Diagnosis, Management,
and Associated Comorbidities of
Polycystic Ovary Syndrome: A
Narrative Review. Cureus.
2024;16(4):e58733.DOLI:
10.7759/cureus.58733.

Raja MH, Javed MA, Rehman R.
Pathophysiology  of  polycystic
ovary  syndrome. InPolycystic
Ovary Syndrome 2024 Jan 1 (pp.
23-32).
Elsevier.https://doi.org/10.1016/
B978-0-323-87932-3.00013-X.

Stener-Victorin = E, Teede H,
Norman RJ, Legro R, Goodarzi
MO, Dokras A et al. Polycystic
ovary syndrome. Nat Rev Dis
Primers. 2024;10(1):27. dot:
10.1038/s41572-024-00511-3.

Sadeghi HM, Adeli I, Calina D,
Docea AO, Mousavi T, Daniali M
et al. Polycystic Ovary Syndrome:
A Comprehensive Review of
Pathogenesis, Management, and
Drug Repurposing. Int ] Mol Sci.
2022;23(2):583. doi:
10.3390/ijms23020583.

Dason ES, Koshkina O, Chan C,
Sobel M. Diagnosis and
management of polycystic ovarian
syndrome. CMAJ.

The miRNAs involved in PCOS and the implications

10.

11.

2024;196(3):E85-E94. doi:
10.1503/cma;j.231251.

Mimouni NEH, Giacobini P.
Polycystic ovary syndrome
(PCOS): progress towards a better
understanding and treatment of the
syndrome. C R Biol. 2024;347:19-
25. doi: 10.5802/ctbiol.147.

Dong J, Rees DA. Polycystic ovary
syndrome: pathophysiology and
therapeutic  opportunities. BM]
Med.  2023;2(1):e000548.  doi:
10.1136/bmjmed-2023-000548.

Liu J, Wu Q, Hao Y, Jiao M, Wang
X, Jiang S et al. Measuring the
global disease burden of polycystic
ovary syndrome in 194 countries:
Global Burden of Disease Study
2017. Hum Reprod.
2021;36(4):1108-1119. dot:
10.1093/humrep/deaa371.

Teede HJ, Tay CT, Laven JJE,
Dokras A, Moran LJ, Piltonen TT
et al. Recommendations from the
2023 international evidence-based
guideline for the assessment and
management of polycystic ovary
syndrome. Eur ] Endocrinol.
2023;189(2):G43-G064. doi:
10.1093/ejendo/1vad096.

Wolf WM, Wattick RA, Kinkade
ON, Olfert MD. Geographical
Prevalence of Polycystic Ovary
Syndrome as Determined by
Region and Race/Ethnicity. Int ]

Environ Res Public Health.
2018;15(11):2589. doi:
10.3390/ijerph15112589.

Rizwan Khan AY, Abdullah MA,
Gul R, Bhutta HR, Imran M,
Mazhar SB et al. Prevalence of
Anxiety and Depression Among
Women With Polycystic Ovarian
Syndrome: A Cross-Sectional Study
From a Tertiary Care Hospital of
Islamabad,  Pakistan. Cureus.
2024;16(1):e52540. doi:
10.7759/ cureus.52540.

201

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

12.

13.

14.

15.

16.

17.

Zulfiqar S, Tahir S, Gulraiz S,
Razzaq MA, Abid A, Shahid T, et
al. Investigation of Prevalence and

Awareness of Polycystic Ovary
Syndrome among Pakistani
Females: Polycystic Ovary

Syndrome in Pakistani Women.
Proceedings of the Pakistan
Academy of Sciences: B Life and
Environmental Sciences.
2022;59(1):77-83. DOL
https://doi.org/10.53560/PPASB(
59-1)703.

Rodin DA, Bano G, Bland JM,
Taylor K, Nussey SS. Polycystic
ovaries and associated metabolic
abnormalities in Indian
subcontinent Asian women. Clin
Endocrinol. 1998;49(1):91-9. doi:
10.1046/}.1365-2265.1998.00492 x.

Zheng L, Yang L, Guo Z, Yao N,
Zhang S, Pu P. Obesity and its
impact on female reproductive
health: unraveling the connections.
Front Endocrinol.
2024;14:1326546. doi:
10.3389/fendo.2023.1326546.

Guan C, Zahid S, Minhas AS,
Ouyang P, Vaught A, Baker VL et
al. Polycystic ovary syndrome: a
"risk-enhancing" factor for
cardiovascular disease. Fertil Steril.
2022;117(5):924-935. doi:
10.1016/j.fertnstert.2022.03.009.

Espinosa ME, Sanchez R, Otzen
T, Bautista-Valarezo E, Aguiar S,
Corrales-Gutierrez 1, et al
Phenotypic  Characterization —of
Patients with Polycystic Ovary
Syndrome in a Population from the

Ecuadorian Andes: A Cross-
Sectional Study. ] Clin Med.
2024;13(8):2370. doi:

10.3390/jcm13082376.

Singh §, Pal N, Shubham §, Sarma
DK, Verma V, Marotta F et al
Polycystic ~ Ovary  Syndrome:
Etiology, Current Management,

18.

19.

20.

21.

22.

23.

and Future Therapeutics. ] Clin
Med. 2023;12(4):1454. doi:
10.3390/jem12041454.

Nasser JS, Altahoo N, Almosawi S,
Alhermi A, Butler AE. The Role of
MicroRNA, Long Non-Coding
RNA and Circular RNA in the
Pathogenesis of Polycystic Ovary
Syndrome: A Literature Review.
Int ] Mol Sci. 2024;25(2):903. doi:
10.3390/1jms25020903.

Abruzzese GA, Velazquez ME,
Cerrone GE, Motta AB. Polycystic
ovary syndrome in Latin American
populations: What is known and
what remains unresolved. ] Steroid
Biochem Mol Biol.
2023;225:106195. doi:
10.1016/j.jsbmb.2022.106195.

Legro RS, Arslanian SA, Ehrmann
DA, Hoeger KM, Murad MH,
Pasquali R, et al. Diagnosis and
treatment of polycystic ovary
syndrome: an Endocrine Society
clinical practice guideline. ] Clin
Endocrinol Metab.
2013;98(12):4565-92. dot:
10.1210/jc.2013-2350.

Sidra S, Tariq MH, Farrukh MJ,
Mohsin M. Evaluation of clinical
manifestations, health risks, and
quality of life among women with
polycystic ovary syndrome. PLoS
One. 2019;14(10):e0223329. doi:
10.1371/journal.pone.0223329.

Chaudhuri A. Polycystic
syndrome:  Causes,
pathophysiology, and remedies.
Obesity Medicine.
2023;39:100480.https:/ /doi.org/10
.1016/j.0bmed.2023.100480.

Tay CT, Garrad R, Mousa A, Bahri
M, Joham A, Teede H. Polycystic
ovary syndrome (PCOS):
international  collaboration  to
translate evidence and guide future
research. ] Endocrinol.
2023;257(3):¢220232. doi:
10.1530/JOE-22-0232.

ovary
symptoms,

JMCWH, Vol-22, Issue-1, January 2026

202


https://doi.org/10.53560/PPASB(59-1)703
https://doi.org/10.53560/PPASB(59-1)703

24,

25.

206.

27.

28.

29.

30.

Kim KW. Unravelling Polycystic

Ovary  Syndrome  and  Its
Comorbidities. ] Obes Metab
Syndr.  2021;30(3):209-221.  doi:
10.7570/jomes21043.

Bhattacharya, K., Saha, 1., Sen, D,
Bose C, Chaudhuri GR, Dutta S, et
al. Role of anti-Mullerian hormone
in polycystic ovary
syndrome. Middle East Fertility
Society  Journal.  2022;27(1):32.
https://doi.org/10.1186/s43043-
022-00123-5.

Piltonen TT, Viita-Aho ], Saarela
U, Melin J, Forslund M. Utility of
Serum Anti-Mullerian Hormone
Measurement as Part of Polycystic
Ovary Syndrome Diagnosis. Semin
Reprod Med. 2024;42(1):49-59.
doi: 10.1055/s-0044-1786731.

Alur-Gupta S, Dokras A, Cooney
LG. Management of polycystic

ovary syndrome must include
assessment and  treatment of
mental health symptoms. Fertil

Steril.  2024;121(3):384-399.  doi:
10.1016/j.fertnstert.2024.01.018.

Vine D, Ghosh M, Wang T, Bakal
J. Increased Prevalence of Adverse
Health Outcomes Across the
Lifespan in Those Affected by
Polycystic Ovary Syndrome: A
Canadian Population Cohort. CJC
Open. 2023;6(2Part  B):314-326.
doi: 10.1016/j.¢jc0.2023.12.010.

Tabassum F, Jyoti C, Sinha HH,
Dhar K, Akhtar MS. Impact of
polycystic ovary syndrome on
quality of life of women in
correlation to age, basal metabolic
index, education and marriage.
PLoS One. 2021;16(3):¢0247486.
doi:
10.1371/journal.pone.0247486.
Ligocka N, Chmaj-Wierzchowska

K, Wszotek K, Wilczak M,
Tomczyk K. Quality of Life of

The miRNAs involved in PCOS and the implications

31.

32.

33.

34,

35.

36.

Women with Polycystic Ovary
Syndrome. Medicina.
2024;60(2):294. doi:

10.3390/medicina60020294.

Liang X, He H, Zeng H, Wei L,
Yang J, Wen Y, et al The
relationship  between polycystic
ovary syndrome and coronary heart

disease: a bibliometric analysis.
Front Endocrinol.
2023;14:1172750. doi:

10.3389/fendo.2023.1172750.

Chen T, Yu Y, Jia F, Luan P, Liu
X. The relationship between
polycystic ovary syndrome and
insulin resistance from 1983 to

2022: A bibliometric analysis.
Front Public Health.
2022;10:960965. doi:

10.3389/fpubh.2022.960965.

Dubey P, Reddy S, Sharma K,
Johnson S, Hardy G, Dwivedi AK.

Polycystic ~ Ovary  Syndrome,
Insulin Resistance, and
Cardiovascular  Disease.  Curr

Cardiol Rep. 2024;26(6):483-495.
doi: 10.1007/s11886-024-02050-5.

Kakoly NS, Earnest A, Teede HJ,
Moran LJ, Joham AE. The Impact
of Obesity on the Incidence of
Type 2 Diabetes Among Women
With Polycystic Ovary Syndrome.
Diabetes Care. 2019;42(4):560-567.
doi: 10.2337/dc18-1738.

Pirotta S, Joham A, Grieger JA,
Tay CT, Bahri-Khomami M, Lujan
M, et al. Obesity and the Risk of
Infertility, Gestational Diabetes,
and Type 2 Diabetes in Polycystic
Ovary Syndrome. Semin Reprod
Med.  2020;38(6):342-351.  doi:
10.1055/5-0041-1726866.

Shakil M, Ashraf F, Wajid A.
Sexual functioning as predictor of
depressive symptoms and life
satisfaction in  females  with
Polycystic Ovary  Syndrome
(PCOS).  Pak ] Med  Sci
2020;36(7):1500-1504. doi:
10.12669/pjms.36.7.2562.

203

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

37.

38.

39.

40.

41.

42.

Fayaz M BM, Aftab A. The impact
of polycystic ovary syndrome on
psychological and social well-being:
A review. ] Pharma Bio Med
2024;2(1):37-47.DOL:
10.39401/jpbm.002.01.0014.

Zaib S, Rana N, Khan I, Waris A,
Ahmad  U.  Analyzing  the
Challenges, Consequences, and
Possible Treatments for Polycystic
Ovary Syndrome. Mini Rev Med
Chem. 2023;23(20):1975-1992. doi:
10.2174/138955752366623060812
4651.

Rizvi M, Abbas A, Tanwir S, Sabah
A, Ali ZM, Sundrani MM, et al.
Perception and attitude of patients
regarding  polycystic  ovarian
syndrome (PCOS) in tertiary care
hospitals of Pakistan-a survey
based study. International Journal
of Pharmacy & Therapeutics.
2014;5(3):147-52.  Available  at
URL:

https:/ /ijptjournal.com/File_Folde
t/147-152.pdf  (Accessed 10
January 2025).

Arain F, Arif N, Halepota H.
Frequency and outcome  of

treatment in polycystic ovaries
related infertility. Pak ] Med Sci.
2015;31(3):694-9. doi:
10.12669/pjms.313.8003.

Rizvi M, Islam MA, Aftab MT,
Naqvi AA, Jahangir A, Ishaqui AA,
et al. Knowledge, attitude, and

perceptions  about  polycystic
ovarian ~ syndrome, and  its
determinants among  Pakistani
undergraduate  students.  PLoS

One. 2023;18(5):e0285284.  doi:
10.1371/journal.pone.0285284.

Ding T, Hardiman PJ, Petersen I,
Baio G. Incidence and prevalence
of diabetes and cost of illness
analysis of  polycystic  ovary
syndrome: a Bayesian modelling

study. Hum Reprod.
2018;33(7):1299-13006. doi:
10.1093 /humrep/dey093.

43.

44,

45.

46.

47.

Riestenberg C, Jagasia A, Markovic
D, Buyalos RP, Azziz R. Health
Care-Related Economic Burden of
Polycystic Ovary Syndrome in the
United States: Pregnancy-Related
and Long-Term Health
Consequences. | Clin Endocrinol
Metab. 2022;107(2):575-585. doi:
10.1210/clinem/dgab613.

Yadav S, Delau O, Bonner A],
Markovic D, Patterson W, Ottey S,
et al. Direct economic burden of
mental health disorders associated
with polycystic ovary syndrome:
Systematic  review and meta-
analysis. Elife. 2023;12:e85338. doi:
10.7554 /eLife.85338.

Selvaraj S, Farooqui HH, Karan A.
Quantifying the financial burden of
households' out-of-pocket
payments on medicines in India: a
repeated cross-sectional analysis of

National =~ Sample Survey data,
1994-2014. BM] Open.
2018;8(5):¢018020. dot:

10.1136/bmjopen-2017-018020.

Essue BM, Laba M., Knaul F, Chu
A, Minh HV, Nguyen TKP, et al.
Economic Burden of Chronic 1l
Health and Injuries for
Households in Low- and Middle-
Income Countries. In: Jamison
DT, Gelband H, Horton S, Jha P,
Laxminarayan R, Mock CN,
Nugent R, editors. Disease Control
Priorities: Improving Health and

Reducing  Poverty.  3rd  ed.
Washington DCO): The
International Bank for

Reconstruction and Development
/ The World Bank; 2017. Chapter
6. DOLI: 10.1596/978-1-4648-0527-
1_cho.

Rahman MM, Zhang C, Swe KT,
Rahman MS, Islam MR,
Kamrujjaman M, et al. Disease-
specific out-of-pocket healthcare
expenditure in urban Bangladesh:

JMCWH, Vol-22, Issue-1, January 2026

204



48.

49.

50.

51.

52.

A Bayesian analysis. PLoS One.
2020 Jan 14;15(1):¢0227565. doi:
10.1371/journal.pone.0227565.

Juhasz AE, Stubnya MP, Teutsch
B, Gede N, Hegyi P, Nyirady P, et
al. Ranking the dietary
interventions by their effectiveness
in the management of polycystic
ovary syndrome: a systematic
review and network meta-analysis.
Reprod Health. 2024;21(1):28. doi:
10.1186/512978-024-01758-5.

Melin ], Forslund M, Alesi S,
Piltonen T, Romualdi D, Spritzer
PM, et al. Metformin and
Combined Oral Contraceptive Pills
in the Management of Polycystic
Ovary Syndrome: A Systematic
Review and Meta-analysis. ] Clin
Endoctrinol Metab.
2024;109(2):817-e830. doi:
10.1210/clinem/dgad465.

Xie M, Yang Y, Zhang J. The
effects of behavioral intervention
on anthropometric, clinical, and
biochemical parameters in patients
with polycystic ovary syndrome: a

systematic  review and meta-
analysis. Front Endocrinol.
2024;15:1297841. doi:

10.3389/fendo.2024.1297841.

Rashid G, Khan NA, Elsori D,
Youness RA, Hassan H, Siwan D,
et al. miRNA expression in PCOS:
unveiling a paradigm shift toward
biomarker discovery. Arch
Gynecol Obstet. 2024;309(5):1707-
1723. doi: 10.1007/s500404-024-
07379-4.

Abdalla M, Deshmukh H, Atkin
SL, Sathyapalan T. miRNAs as a
novel clinical biomarker and
therapeutic targets in polycystic
ovary syndrome (PCOS): A review.
Life Sci. 2020;259:118174. doi:
10.1016/].1£5.2020.118174.

The miRNAs involved in PCOS and the implications

53.

54.

55.

56.

57.

58.

Heidarzadehpilehrood R,
Pirhoushiaran ~ M.  Biomarker
potential of competing endogenous
RNA networks in Polycystic Ovary
Syndrome (PCOS). Noncoding
RNA Res. 2024;9(2):624-640. doi:
10.1016/j.ncrna.2024.01.002.

Li Y, Xiang Y, Song Y, Wan L, Yu
G, Tan L. Dysregulated miR-142, -
33b and -423 in granulosa cells
target TGFBR1 and SMAD7: a
possible role in polycystic ovary
syndrome. Mol Hum Reprod.
2019;25(10):638-646. doi:
10.1093/molehr/gaz014.

Murri M, Insenser M, Fernandez-
Duran E, San-Millan JL, Escobar-
Morreale HF. Effects of polycystic
ovary syndrome (PCOS), sex
hormones, and  obesity on
circulating. miRNA-21, miRNA-
27b, miRNA-103, and miRNA-155
expression. ] Clin Endocrinol
Metab. 2013;98(11):E1835-44. doi:
10.1210/jc.2013-2218.

Ledesma-Pacheco §J, Uriostegui-
Pena AG, Rodriguez-Jacinto E,

Gomez-Hernandez E, Estrada-
Meza C, Banerjee A, et al
Regulatory mechanisms of

mictoRNAs in endocrine disorders
and their therapeutic potential.
Front Genet. 2023;14:1137017.
doi: 10.3389/fgene.2023.1137017.

Jiang X, Li ], Zhang B, Hu J, Ma J,
Cui L, et al. Differential expression
profile of plasma  exosomal
mictoRNAs in  women with
polycystic ovary syndrome. Fertil
Steril.  2021;115(3):782-792.  doi:
10.1016/j.fertnstert.2020.08.019.

Colén-Caraballo M, Flores-Caldera
I. Translational aspects of the
endometriosis epigenome.
InEpigenetics in Human Disease
2024; 883-929. Academic
Press.https://doi.org/10.1016/B9
78-0-443-21863-7.00008-1.

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

59.

60.

61.

62.

63.

64.

65.

Kiran S, Kumar V, Kumar S, Price
RL, Singh UP. Adipocyte, Immune
Cells, and miRNA Crosstalk: A
Novel Regulator of Metabolic
Dysfunction and Obesity. Cells.
2021;10(5):1004. doi:
10.3390/cells10051004.

Rashid G, Khan NA, Elsori D,
Youness RA, Hassan H, Siwan D,
et al. miRNA expression in PCOS:
unveiling a paradigm shift toward
biomarker discovery. Arch
Gynecol Obstet. 2024;309(5):1707-
1723. doi: 10.1007/s00404-024-
07379-4.

Luo Y, Cui C, Han X, Wang Q,
Zhang C. The role of miRNAs in
polycystic ovary syndrome with
insulin resistance. ] Assist Reprod
Genet.  2021;38(2):289-304.  doi:
10.1007/s10815-020-02019-7.

Rashid G, Khan NA, Elsori D,
Youness RA, Hassan H, Siwan D,
et al. miRNA expression in PCOS:
unveiling a paradigm shift toward
biomarker discovery. Arch
Gynecol Obstet. 2024;309(5):1707-
1723. doi: 10.1007/s500404-024-
07379-4.

Ding H, Zhang ], Zhang F, Zhang
S, Chen X, Liang W, et al
Resistance to the Insulin and
Elevated Level of Androgen: A
Major Cause of Polycystic Ovary
Syndrome.  Front  Endocrinol.
2021;12:741764. doi:
10.3389/fendo.2021.741764.

Shen KY, Dai XL, Li S, Huang F,
Chen LQ, Luo P, et al. Specific

expression profile of follicular
fluid-derived exosomal
microRNAs in  patients with

diminished ovarian reserve. BMC
Med Genomics. 2023;16(1):308.
doi: 10.1186/512920-023-01756-9.

Nejabati HR, Roshangar L, Nouri
M. Follicular fluid extracellular

606.

67.

68.

069.

70.

71.

vesicle miRNAs and ovarian aging.
Clin Chim Acta. 2023;538:29-35.
doi: 10.1016/j.cca.2022.11.003.

da Silva Rosa PM, Bridi A, de Avila
Ferronato G, Prado CM, Bastos
NM, Sangalli JRet al. Corpus
luteum presence in the bovine

ovary  increases  intrafollicular
progesterone concentration:
consequences in follicular cells

gene expression and follicular fluid
small extracellular vesicles miRNA
contents. | Ovarian ~ Res.
2024;17(1):65. doi:
10.1186/513048-024-01387-3.

Luo Y, Cui C, Han X, Wang Q,
Zhang C. The role of miRNAs in
polycystic ovary syndrome with
insulin resistance. ] Assist Reprod
Genet.  2021;38(2):289-304. doi:
10.1007/s10815-020-02019-7.

Chen B, Xu P, Wang |, Zhang C.
The role of MiRNA in polycystic
ovary syndrome (PCOS). Gene.
2019; 706:91-96. doi:
10.1016/j.gene.2019.04.082.

Vitale SG, Fulghesu AM, Mikus M,
Watrowski R, D'Alterio MN, Lin
LT, et al. The Translational Role of
miRNA in  Polycystic  Ovary
Syndrome: From  Bench to
Bedside-A  Systematic Literature
Review. Biomedicines.
2022;10(8):1816. doi:
10.3390/biomedicines10081816.

Ray A, Das A, Panda S. Antifungal
stewardship: What we need to
know. Indian ] Dermatol Venereol
Leprol. 2023;89(1):5-11. doi:
10.25259/1J]DVL_91_2022.

Alahmad G. Ethical Challenges
Involved in COVID-19 Vaccine
Mandates  for  Children: A
Systematic ~ Review.  Vaccines.
2023;11(3):601. doi:
10.3390/vaccines11030601.

JMCWH, Vol-22, Issue-1, January 2026

206



72.

73.

74,

75.

76.

7.

Page MJ, McKenzie JE, Bossuyt
PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA
2020  statement: an  updated
guideline for reporting systematic
reviews. BMJ. 2021;372: n71. doi:
10.1136/bmj. n71.

Wahlster P, Goetghebeur M, Kriza
C, Niederlinder C, Kolominsky-
Rabas P, et al. Balancing costs and
benefits at different stages of
medical innovation: a systematic
review of multi-criteria decision
analysis (MCDA). BMC Health
Serv. Res. 2015; 15:262. doi:
10.1186/s12913-015-0930-0.

Jalali FS, Bikineh P, Delavari S.
Strategies for reducing out-of-
pocket payments in the health
system: a scoping review. Cost Eff
Resour Alloc. 2021;19(1):47. doi:
10.1186/512962-021-00301-8.

Sugianli AK, Ginting F, Parwati I,
de Jong MD, van Leth F, Schultsz
C. Antimicrobial resistance among
uropathogens in the Asia-Pacific
region: a systematic review. JAC
Antimicrob Resist.
2021;3(1):dlab003. dot:
10.1093 /jacamr/dlab003.

Kurdi A, Abutheraa N, Akil L,
Godman B. A systematic review
and meta-analysis of the use of
renin-angiotensin system drugs and
COVID-19  clinical outcomes:

What is the evidence so far?
Pharmacol Res Perspect.
2020;8(6):¢00666. doi:
10.1002/prp2.666.

Almeida PHREF, Silva TBC, de
Assis Acurcio F, Guerra Junior
AA, Aratjo VE, Diniz LM, et al.
Quality of Life of Patients with
Type 1 Diabetes Mellitus Using
Insulin Analog Glargine Compared
with NPH Insulin: A Systematic
Review and Policy Implications.
Patient.  2018;11(4):377-389. doi:
10.1007/s40271-017-0291-3.

The miRNAs involved in PCOS and the implications

78.

79.

80.

81.

82.

Mahmood S, Hussain S, Ut
Rehman T, Barbui C, Kurdi AB,
Godman B. Trends in the
prescribing  of  antipsychotic
medicines in Pakistan: implications
for the future. Curr Med Res Opin.
2019;35(1): 51-61.doi:
10.1080/03007995.2018.1513834

Godman B, Malmstrém RE,
Diogene  E,  Jayathissa S,
McTaggart S, Cars T, et al
Dabigatran - a continuing exemplar
case history demonstrating the
need for comprehensive models to
optimize the utilization of new
drugs. Front Pharmacol. 2014
5:109. doi:
10.3389/fphar.2014.00109.

Ishaqg R, Baloch NS, Igbal Q,
Saleem F, Hassali MA, Igbal J, et
al. Frequency and evaluation of the
perceptions  towards  caesarean
section among pregnant women
attending  public  hospitals  in
Pakistan and the implications.
Hosp Pract. 2017;45(3):104-10. dot:
10.1080/21548331.2017.1328250.

Godman B, Grobler C, Van-De-
Lisle M, Wale ], Barbosa WB,
Massele A, et al.
Pharmacotherapeutic interventions
for bipolar disorder type II:
addressing multiple symptoms and
approaches with a  particular
emphasis on strategies in lower and
middle-income countries. Expert
Opin Pharmacother. 2019;20(18):
2237-55.doi:
10.1080/14656566.2019.1684473.

Godman B, Hill A, Simoens S,
Selke G, Selke Krulichova 1,
Zampirolli Dias C, et al. Potential
approaches for the pricing of
cancer medicines across Europe to
enhance the sustainability of

healthcare  systems and the
implications. Expert Rev
Pharmacoecon Outcomes Res.
2021;21(4): 527-40.doi:

10.1080/14737167.2021.1884546.

207

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

83.

84.

85.

86.

87.

88.

Godman B, Fadare J, Kwon HY,
Dias CZ, Kurdi A, Dias Goddi IP,
et al. Evidence-based public policy
making for medicines across
countries: findings and implications
for the future. ] Comp Eff Res.
2021;10(12): 1019-52.doi:
10.2217/ cer-2020-0273.

Ogunleye OO, Godman B, Fadare
JO, Mudenda S, Adeoti AO,
Yinka-Ogunleye ~ AF, et al

Coronavirus Disease 2019
(COVID-19) Pandemic  across
Africa: Current Status of

Vaccinations and Implications for
the Future. Vaccines. 2022 Sep
17;10(9):1553. doi:
10.3390/vaccines10091553.

Godman B, Finlayson AE, Cheema
PK, Zebedin-Brandl E, Gutiérrez-
Ibarluzea 1, Jones J, et al
Personalizing health care: feasibility
and future implications. BMC
Medicine. 2013; 11:179. DOI:
10.1186/1741-7015-11-179.

Zampirolli Dias C, Godman B,
Gargano LP, Azevedo PS, Garcia
MM, Souza Cazarim M, et al
Integrative Review of Managed
Entry Agreements: Chances and
Limitations. Pharmacoeconomics.
2020;38(11):1165-1185.DOL:

10.1007/s40273-020-00943-1.

Szukiewicz D, Trojanowski S,
Kociszewska A, Szewczyk G.
Modulation of the Inflammatory
Response in  Polycystic  Ovary
Syndrome (PCOS)-Searching for
Epigenetic Factors. Int ] Mol Sci.
2022;23(23):14663. doi:
10.3390/ijms232314663.

Topkaraoglu S, Hekimoglu G.
Abnormal expression of miRNA in
women with polycystic ovary
syndrome (PCOS). Medical
Research Reports. 2023;6(3):183-
91.

https://doi.org/10.55517 /mrr.132
4616.

89.

90.

91.

92.

93.

Brennan E, Butler AE, Drage DS,
Sathyapalan T, Atkin SL. Serum
polychlorinated biphenyl levels and
circulating miRNAs in non-obese
women  with and  without

polycystic ovary syndrome. Front
Endocrinol. 2023; 14:1233484. doi:
10.3389/fendo.2023.1233484.

Naredi N, Misra P, Ramaswamy P,
Godse R,  Gambhirrao A,
Madathan Kandi S, et al
Differential expression of miR-21,
miR-222, and Let-7b in serum and
follicular fluid of polycystic ovary
syndrome: Correlation with
biochemical parameters. Med ]
Armed Forces India.
2025;81(Suppl 1): S23-836. doi:
10.1016/j.mjafi.2024.04.003.

Sahraeian S, Abbaszadeh HA,
Taheripanah R, Edalatmanesh MA,
Keshavarzi S, Ghazifard A.

Exosome Therapy and
Photobiomodulation Therapy
Regulate  mi-RNA 21, 155

Expressions, Nucleus Acetylation
and Glutathione in a Polycystic
Ovary Oocyte: An In Vitro Study.
J Lasers Med Sci. 2024;15: e10. doi:
10.34172/jlms.2024.10.

Sabry R, Gallo JF, Rooney C,
Scandlan OLM, Davis OS, Amin S,
et al. Genetic and Epigenetic
Profiles of Polycystic Ovarian
Syndrome and In Vitro Bisphenol
Exposure in a Human Granulosa
Cell Model. Biomedicines.
2024;12(1):237. doi:
10.3390/biomedicines12010237.

Esfandyari S, Elkafas H, Chugh
RM, Park HS, Navarro A, Al-
Hendy  A. Exosomes as
Biomarkers for Female
Reproductive Diseases Diagnosis
and Therapy. International Journal
of Molecular Sciences. 2021;22(4).
DOI: 10.3390/1jms22042165.

JMCWH, Vol-22, Issue-1, January 2026

208


https://doi.org/10.55517/mrr.1324616
https://doi.org/10.55517/mrr.1324616

94.

95.

96.

97.

98.

99.

100.

Karkia R, Wali S, Payne A, Karteris
E, Chatterjee J.  Diagnostic
Accuracy of Liquid Biomarkers for
the Non-Invasive Diagnosis of
Endometrial Cancer: A Systematic
Review and Meta-Analysis.
Cancers.  2022;14(19):4666. doi:
10.3390/ cancers14194666.

Panchal S, Kumar N, Kumar P,
Singh S, Yadav VK. Biomarkers
for disease identification. In
Biomarkers in environmental and
human health biomonitoring 2024:
269-291. Academic Press.
https://doi.org/10.1016/B978-0-
443-13860-7.00011-2.

Thompson M,  Ahmadi S,
Davoudian K, De La Franier B,
Lotay N, Bernardini MQ. Sensor
detection in gynaecological
medicine. Sensors & Diagnostics.
2022;1(5):877-901.

DOTI: 10.1039/D2SD00090C.

Kaur I, Suri V, Rana SV, Singh A.
Treatment pathways traversed by
polycystic ovary syndrome (PCOS)
patients: A mixed-method study.
PLoS One. 2021;16(8): ¢0255830.
DOL:
10.1371/journal.pone.0255830.

Alotaibi M, Shaman AA.
Enhancing  polycystic  ovarian
syndrome awareness using private
social networks. Mbhealth. 2020;
6:33. dot:
10.21037/mhealth.2019.12.02.

Naji M, Aleyasin A, Nekoonam §,
Arefian E, Mahdian R, Amidi F.
Differential Expression of miR-93
and miR-21 in Granulosa Cells and
Follicular Fluid of Polycystic Ovary

Syndrome Associating  with
Different Phenotypes. Sci Rep.
2017;7(1):14671. doi:

10.1038/s41598-017-13250-1.

Dhaded S, Dabshetty S. Role of
circulation miRNA-21 in patients

The miRNAs involved in PCOS and the implications

101.

102.

103.

104.

105.

Journal of Clinical Obstetrics and

Gynaecology. 2018;2(3):92-5.
Awvailable at URL:
https:/ /www.gvnaecologvijournal.c

om/articles/83/2-3-9-788.pdf
(Accessed 3 March 2025).

Serensen AE, Udesen PB, Maciag
G, Geiger J, Saliani N, Januszewski
AS, et al. Hyperandrogenism and
Metabolic Syndrome Are
Associated with Changes in Serum-
Derived microRNAs in Women
with Polycystic Ovary Syndrome.
Front Med. 2019; 6:242. doi:
10.3389/fmed.2019.00242.

De Nardo Maffazioli G, Baracat
EC, Soares JM, Carvalho KC,
Maciel GAR. Evaluation of
circulating mictoRNA profiles in
Brazilian women with polycystic
ovary syndrome: A preliminary
study. PLoS One. 2022;17(10):
e0275031. DOI:
10.1371/journal.pone.0275031.

Long W, Zhao C, Ji C, Ding H,
Cu Y, Guo X et al
Characterization of serum
mictoRNAs profile of PCOS and
identification of novel non-invasive
biomarkers. Cell Physiol Biochem.
2014;33(5):1304-1315. DOILI:
10.1159/000358698.

Roth LW, McCallie B, Alvero R,
Schoolcraft WB, Minjarez D, Katz-
Jaffe MG. Altered microRNA and
gene expression in the follicular
fluid of women with polycystic
ovary syndrome. | Assist Reprod
Genet.  2014;31(3):355-62.  doi:
10.1007/s10815-013-0161-4.

Wu HL, Heneidi S, Chuang TY,
Diamond MP, Layman LC, Azziz
R, et al. The expression of the
miR-25/93/106b family of micro-
RNAs in the adipose tissue of
women with polycystic  ovary
syndrome. ] Clin Endocrinol
Metab. 2014;99(12): E2754-61. doi:

5

suffering with pOlyCyStiC ovary 10.121 0/]C201 3_4435.
syndrome (PCOS). International
209 JMCWH, Vol-22, Issue-1, January 2026


https://doi.org/10.1016/B978-0-443-13860-7.00011-2
https://doi.org/10.1016/B978-0-443-13860-7.00011-2
https://doi.org/10.1039/D2SD00090C
https://www.gynaecologyjournal.com/articles/83/2-3-9-788.pdf
https://www.gynaecologyjournal.com/articles/83/2-3-9-788.pdf

The miRNAs involved in PCOS and the implications

106.

107.

108.

109.

110.

111.

Jiang L, Huang J, Li L, Chen Y,
Chen X, Zhao X, et al. MicroRNA-
93 promotes ovarian granulosa
cells proliferation through targeting
CDKNIA in polycystic ovarian
syndrome. ] Clin Endocrinol
Metab. 2015;100(5): E729-38. doi:
10.1210/jc.2014-3827.

Lin L, Du T, Huang J, Huang LL,

Yang DZ. Identification of
differentially expressed
mictoRNAs in the ovary of
polycystic ovary syndrome with
hyperandrogenism and insulin
resistance. Chin Med J.
2015;128(2):169-74. doi:

10.4103/0366-6999.149189.

Liu S, Zhang X, Shi C, Lin J, Chen
G, Wu B, et al. Altered mictoRNA
expression profiling in cumulus
cells from patients with polycystic
ovary syndrome. ] Transl Med.
2015; 13:238. doi: 10.1186/s12967-
015-0605-y.

Sathyapalan T,  David R,
Gooderham  NJ, Atkin  SL.
Increased expression of circulating
miRNA-21-93 in women with
polycystic ovary syndrome may
represent a novel, non-invasive
biomarker for diagnosis. Sci Rep.
2015; 5:16890. doi:
10.1038/step16890.

Shi L, Liu S, Zhao W, Shi J. miR-
483-5p and miR-486-5p are down-
regulated in cumulus cells of
metaphase II oocytes from women
with polycystic ovary syndrome.
Reprod Biomed Online.
2015;31(4):565-72. doi:
10.1016/j.rbmo.2015.06.023.

Song J, Luo S, Li SW. miRNA-21-
592 is downregulated and may
target LHCGR in polycystic ovary
syndrome patients. Reprod Biol.
2015;15(4):229-37. doi:
10.1016/j.repbio.2015.10.005.

112.

113.

114.

115.

116.

117.

Xu B, Zhang YW, Tong XH, Liu
YS. Characterization of mictoRNA
profile in  human  cumulus
granulosa cells: Identification of
microRNAs that regulate Notch
signaling and are associated with
PCOS. Mol Cell Endoctinol. 2015;
404:26-36. doi:
10.1016/j.mce.2015.01.030.

Huang X, Liu C, Hao C, Tang Q,
Liu R, Lin S, et al. Identification of
altered microRNAs and mRNAs in
the cumulus cells of PCOS
patients: miRNA-21-509-3p
promotes oestradiol secretion by
targeting MAP3KS8. Reproduction.
2016;151(6):643-55. doi:
10.1530/REP-16-0071.

Scalici E, Traver S, Mullet T,
Molinari N, Ferriéres A, Brunet C,
et al. Circulating microRNAs in
follicular fluid, powerful tools to
explore in vitro fertilization
process. Sci Rep. 2016; 6:24976.
doi: 10.1038/step24976.

Song DK, Sung YA, Lee H. The
Role of Serum MicroRNA-6767-5p
as a Biomarker for the Diagnosis
of Polycystic Ovary Syndrome.
PLoS One. 2016;11(9): ¢0163756.
doi:
10.1371/journal.pone.0163756.
Serensen AE, Wissing ML,
Englund AL, Dalgaard LT.
MicroRNA Species in Follicular
Fluid Associating with Polycystic
Ovary Syndrome and Related
Intermediary Phenotypes. ] Clin
Endocrinol Metab.
2016;101(4):1579-89. doi:
10.1210/jc.2015-3588

Xiang Y, Song Y, Li Y, Zhao D,
Ma L, Tan L. miR-483 is Down-
Regulated in Polycystic Ovarian
Syndrome and Inhibits KGN Cell
Proliferation via Targeting Insulin-
Like Growth Factor 1 IGF1). Med
Sci Monit. 2016; 22:3383-3393. doi:

JMCWH, Vol-22, Issue-1, January 2026

210



118.

119.

120.

121.

122.

123.

Cai G, Ma X, Chen B, Huang Y,
Liu S, Yang H, et al. MicroRNA-
145 Negatively Regulates Cell
Proliferation Through Targeting
IRST  in  Isolated  Ovarian
Granulosa Cells from Patients with
Polycystic ~ Ovary  Syndrome.
Reprod Sci. 2017;24(6):902-10. doi:
10.1177/1933719116673197.

Eisenberg I, Nahmias N,
Novoselsky Persky M, Greenfield
C, Goldman-Wohl D, Hurwitz A,
et al. Elevated circulating micro-
ribonucleic acid (miRNA-21)-200b
and miRNA-21-429 levels in
anovulatory women. Fertil Steril.
2017;107(1):269-75. doi:
10.1016/j.fertnstert.2016.10.003.

Hosseini AH, Kohan L, Aledavood
A, Rostami S. Association of miR-
146a 12910164 and miR-222
rs2858060 polymorphisms with the
risk of polycystic ovary syndrome
in Iranian women: A case-control
study. Taiwan ] Obstet Gynecol.
2017;56(5):652-6. doi:
10.1016/j.0g.2017.08.014.

Xiong W, Lin Y, Xu L, Tamadon
A, Zou S, Tian F, et al. Circulatory
mictoRNA 232 and microRNA
23b and polycystic ovary syndrome
(PCOS): the effects of body mass
index and sex hormones in an
Eastern Han Chinese population. |
Ovarian Res. 2017;10(1):10. dot:
10.1186/513048-016-0298-8.

Zhang CL, Wang H, Yan CY, Gao
XF, Ling X]J. Deregulation of
RUNX2 by miR-320a deficiency
impairs steroidogenesis in cumulus
granulosa cells from polycystic
ovary syndrome (PCOS) patients.
Biochem Biophys Res Commun.
2017;482(4):1469-706. doi:
10.1016/j.bbrc.2016.12.059.

Ebrahimi SO, Reiisi S, Parchami
Barjui S. Increased risk of
polycystic ovary syndrome (PCOS)
associated with CC genotype of

The miRNAs involved in PCOS and the implications

124.

125.

126.

127.

128.

129.

miR-146a gene variation. Gynecol
Endocrinol. 2018;34(9):793-7. doi:
10.1080/09513590.2018.1460341.

He T, Liu Y, Jia Y, Wang H, Yang
X, Lu G, et al. MictoRNA-141 and
MicroRNA-200c Are
Overexpressed in Granulosa Cells
of Polycystic Ovary Syndrome
Patients. Front Med. 2018; 5:299.
doi: 10.3389/fmed.2018.00299.

Mao Z, Fan I, Yu Q, Luo S, Wu
X, Tang J, et al. Abnormality of
Klotho Signaling Is Involved in
Polycystic ~ Ovary  Syndrome.
Reprod Sci. 2018;25(3):372-83. doi:
10.1177/1933719117715129.

Murri M, Insenser M, Ferniandez-
Duran E, San-Millan JL, Luque-
Ramirez M, Escobar-Morreale HF.
Non-targeted profiling of
circulating microRNAs in women
with polycystic ovary syndrome
(PCOS): effects of obesity and sex
hormones.  Metabolism.  2018;
86:49-60. doi:
10.1016/j.metabol.2018.01.011.

Naji M, Nekoonam S, Aleyasin A,
Arefian E, Mahdian R, Azizi E, et
al. Expression of miR-15a, miR-
145, and miR-182 in granulosa-
lutein cells, follicular fluid, and
serum of women with polycystic
ovary syndrome (PCOS). Arch
Gynecol Obstet. 2018;297(1):221-
31. doi: 10.1007/s00404-017-4570-
y.

Wang M, Sun J, Xu B, Chrusciel
M, Gao J, Bazert M, et al
Functional  Characterization  of
MicroRNA-27a-3p Expression in
Human Polycystic Ovary
Syndrome. Endocrinology.
2018;159(1):297-3009. doi:
10.1210/en.2017-00219.

Yao L, Li M, Hu J, Wang W, Gao
M. MiRNA-21-335-5p negatively
regulates granulosa cell
proliferation via SGK3 in PCOS.

211

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

130.

131.

132.

133.

134.

135.

Reproduction. 2018;156(5):439-49.
doi: 10.1530/REP-18-0229.

Zhang H, Gao Z, Zhang Y, Wang
H, Li Y. MiR-873-5p regulated
LPS-induced oxidative
stress via targeting heme
oxygenase-1 (HO-1) in KGN cells.
RSC Adv. 2018;8(68):39098-39105.
doi: 10.1039/c8ra06697¢c. PMID:
35558291; PMCID: PMC9090657.

Geng Y, Sui C, Xun Y, Lai Q, Jin
L. MiRNA-21-99a can regulate
proliferation and apoptosis of
human granulosa cells via targeting
IGF-IR  in  polycystic  ovary
syndrome. | Assist Reprod Genet.
2019;36(2):211-21. dot:
10.1007/s10815-018-1335-x.

Hou Y, Wang Y, Xu S, Qi G, Wu
X. Bioinformatics identification of
microRNAs involved in polycystic
ovary  syndrome  based on
microarray data. Mol Med Rep.
2019;20(1):281-91. doi:
10.3892/mmr.2019.10253.

Luo H, Han Y, Liu J, Zhang Y.
Identification of microRNAs in
granulosa cells from patients with
different levels of ovarian reserve
function and the  potential
regulatory function of miR-23a in
granulosa cell apoptosis. Gene.
2019; 686:250-60. doi:
10.1016/j.gene.2018.11.025.

McAllister JM, Han AX, Modi BP,
Teves ME, Mavodza  GR,
Anderson ZL, et al. miRNA-21
Profiling Reveals miRNA-21-130b-
3p Mediates DENND1A Variant 2

Expression and Androgen
Biosynthesis. Endocrinology.
2019;160(8):1964-81. doi:

10.1210/en.2019-00013.

Rashad NM, Ateya MA, Saraya YS,
Elnagar WM, Helal KF, Lashin
ME, et al. Association of miRNA-
21 -320 expression level and its
target gene endothelin-1 with the
susceptibility and clinical features

1306.

137.

138.

139.

140.

of polycystic ovary syndrome. ]
Ovarian Res. 2019;12(1):39. doi:
10.1186/513048-019-0513-5.

Song Y, Yu G, Xiang Y, Li Y, Wan
I, Tan L. Altered miR-186 and
miR-135a contribute to granulosa
cell dysfunction by targeting ESR2:
A possible role in polycystic ovary
syndrome. Mol Cell Endocrinol.
2019; 494:110478. dot:
10.1016/j.mce.2019.110478.

Wang Y, Xu S, Wang Y, Qi G,
Hou Y, Sun C, et al. Identification

and potential value of candidate
microRNAs in granulosa cells of

polycystic ovary syndrome.
Technol Health Care.
2019;27(6):579-87. doi:

10.3233 /THC-181510.

Butler AE, Ramachandran V,
Cunningham TK, David R,
Gooderham NJ, Benurwar M, et al.
Increased MicroRNA Levels in
Women with Polycystic Ovarian
Syndrome but Without Insulin
Resistance: A Pilot Prospective
Study. Front Endocrinol. 2020;
11:571357. doi:
10.3389/fendo.2020.571357.

Nanda D, Chandrasekaran SP,
Ramachandran V, Kalaivanan K,
Carani Venkatraman A. Evaluation
of Serum miRNA-24, miRNA-29a
and miRNA-502-3p Expression in
PCOS Subjects: Correlation with
Biochemical Parameters Related to

PCOS and Insulin Resistance.
Indian ] Clin Biochem.
2020;35(2):169-178. doi:

10.1007/s12291-018-0808-0

Soyman Z, Durmus S, Ates S,
Simsek G, Sozer V, Kundaktepe
BP, et L. Circulating mir-132, mir-
146a, mir-222, and mir-320
expression in differential diagnosis
of women with polycystic ovary
syndrome. Acta Endocrinologica.
2022 Jan;18(1):13. doi: 10.4183/
aeb.2022.13.

JMCWH, Vol-22, Issue-1, January 2026

212


https://doi.org/10.4183/aeb.2022.13
https://doi.org/10.4183/aeb.2022.13

141.

Kalantar  SM
Nikoonahad N, Shafienia H,
Montazeri F. Differential
Expression of Circulating miRNA-
103 in Women with and without
Polycystic ~ Ovary  Syndrome.
International Journal of Medical
Laboratory. 2022;9(4):295-303.
DOI 10.18502/ijml. v9i4.11624.

Naseri MR,

5

SUPPLEMENTARY TABLES

The miRNAs involved in PCOS and the implications

142. Udesen PB

,  Soerensen  AE,
Svendsen R, Frisk NLS, Hess AL,
Aziz M, et al. Circulating miRNA-
21s in Women with Polycystic
Ovary Syndrome: A Longitudinal
Cohort Study. Cells. 2023;12(7).
DOI: 10.3390/ cells12070983.

Table S1 — Search Terms including Boolean Operators

Boolean Operator

Other Search Words

MiRNA-210R miR

MiR-21(to narrow)

MiR-21 AND other MiRNA-21s

MiRNA-21s involve in PCOS (to expand)

MiR-21 AND PCOS

Expression analysis (to narrow)

Human Studies (to narrow)

Case-Control studies

PCOS

SUPPLEMENTARY REFERENCES

1.

61.

62.

63.

Tabassum F, Jyoti C, Sinha HH,
Dhar K, Akhtar MS. Impact of
polycystic ovary syndrome on quality
of life of women in correlation to
age, basal metabolic index, education
and marriage. PLoS One.
2021;16(3):€0247486.

LuoY, Cui C, Han X, Wan Q,Zhang
C.The role of miRNA-21s in
polycystic ovary syndrome with
insulin resistance. ] assisted reprod
genet.2021;38(2):289-304.dot:
10.1007/s10815-020-02019-7.

Rashid G, Khan NA, Elsori D,
Youness RA, Hassan H, Siwan D, et
al. miRNA expression in PCOS:
unveiling a paradigm shift toward
biomarker discovery. Arch Gynecol
Obstet. 2024;309(5):1707-1723. doi:
10.1007/s00404-024-07379-4.

DingH, Zhang ], Zhang F, Zhang S,
Chen X, Liang W, et al. Resistance to
the insulin and elevated level of
androgen: A major cause of
polycystic ovary syndrome.
Frontendocrinol.2021;12:741764.doi:
10.3389/fendo.2021.741764

64.

65.

06.

ShenKY, Dai XI, Li S, Huang F,
Chen LQ, Luo P,Qu XIL. Specific
expression profile of follicular fluid-
derived exosomal mictoRNAs in
patients with diminished ovarian
reserve. BMC Medical
Genomics.2023;16(1):308. doi:
10.1186/512920-023-01756-9.

NejabatiHR, Roshangar L,Nouri M.
Follicular fluid extracellular vesicle
miRNA-21s and ovarian aging.
Clinica Chimica Acta.2023;538:29-35.
doi: 10.1016/j.cca.2022.11.003

da Silva Rosa PM, Bridi A, de Avila
Ferronato G, Prado CM, Bastos NM,
Sangalli JR, Meirelles FV, et al
Corpus luteum presence in the
bovine ovary increases intrafollicular
progesterone concentration:
consequences in follicular cells gene
expression and follicular fluid small
extracellular vesicles miRNA
contents. ] Ovarian Res.
2024;17(1):65. doi: 10.1186/s13048-
024-01387-3.

213

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

67.

68.

69.

70.

71.

72.

73.

Luo Y, Cui C, Han X, Wang Q,
Zhang C. The role of miRNAs in
polycystic  ovary syndrome with
insulin resistance. ] Assist Reprod
Genet.  2021;38(2):289-304.  dot:
10.1007/s10815-020-02019-7.

Chen B, Xu P, Wang ], Zhang C.
The role of MiRNA in polycystic
ovary syndrome (PCOS). Gene.
2019; 706:91-96. doi:
10.1016/j.gene.2019.04.082.

Vitale SG, Fulghesu AM, Mikus M,
Watrowski R, D'Alterio MN, Lin LT,
et al. The Translational Role of
miRNA  in  Polycystic ~ Ovary
Syndrome: From Bench to Bedside-
A Systematic Literature Review.
Biomedicines. 2022;10(8):1816. doi:
10.3390/biomedicines10081816.

Ray A, Das A, Panda S. Antifungal
stewardship: What we need to know.
Indian ] Dermatol Venereol Leprol.

2023;89(1):5-11. doi:
10.25259/1JDVL_91_2022.
Alahmad G. Ethical Challenges

Involved in COVID-19 Vaccine
Mandates for Children: A Systematic
Review. Vaccines (Basel).
2023;11(3):601. doi:

10.3390/vaccines11030601.

Page MJ, McKenzie JE, Bossuyt PM,
Boutron I, Hoffmann TC, Mulrow
CD, Shamseer L, Tetzlaff JM, Akl
EA, Brennan SE, Chou R, Glanville
J, Grimshaw JM, Hrébjartsson A,
Lalu MM, Li T, Loder EW, Mayo-
Wilson E, McDonald S, McGuinness
LA, Stewart LA, Thomas ], Tricco
AC, Welch VA, Whiting P, Moher
D. The PRISMA 2020 statement: an
updated guideline for reporting
systematic reviews. BM]J. 2021;372:
n71. doi: 10.1136/bmj. n71.

Wahlster P, Goetghebeur M, Kriza
C, Niederlinder C, Kolominsky-
Rabas P; National Leading-Edge
Cluster Medical Technologies
‘Medical Valley EMN’. Balancing

74.

75.

76.

77.

78.

costs and benefits at different stages
of medical innovation: a systematic
review of multi-criteria decision
analysis (MCDA). BMC Health Serv
Res. 2015 ; 15:262. doi:
10.1186/512913-015-0930-0.

Jalali FS, Bikineh P, Delavari S.
Strategies for reducing out-of-pocket
payments in the health system: a
scoping review. Cost Eff Resour
Alloc. 2021;19(1):47. doi:
10.1186/512962-021-00301-8.

Sugianli AK, Ginting F, Parwati I, de
Jong MD, van Leth F, Schultsz C.
Antimicrobial ~ resistance  among
uropathogens in the Asia-Pacific
region: a systematic review. JAC
Antimicrob Resist.
2021;3(1):dlab003. dot:
10.1093/jacamr/dlab003.

Kurdi A, Abutheraa N, Akil L,
Godman B. A systematic review and
meta-analysis of the use of renin-
angiotensin  system  drugs and
COVID-19 clinical outcomes: What
is the evidence so far? Pharmacol
Res Perspect. 2020 Dec;8(6):e00660.
doi: 10.1002/ ptrp2.666.

Almeida PHREF, Silva TBC, de Assis
Acurcio F, Guerra Junior AA, Araujo
VE, Diniz LM, Godman B, Almeida
AM, Alvares J. Quality of Life of

Patients with Type 1 Diabetes
Mellitus  Using Insulin ~ Analog
Glargine Compared with NPH
Insulin: A Systematic Review and
Policy Implications. Patient.
2018;11(4):377-389. doi:

10.1007/s40271-017-0291-3.

Mahmood S, Hussain S, Ur Rehman
T, Barbui C, Kurdi AB, Godman B.
Trends in the prescribing of
antipsychotic medicines in Pakistan:
implications for the future. Curr Med
Res Opin. 2019;35(1): 51-61.doi:
10.1080/03007995.2018.1513834.

JMCWH, Vol-22, Issue-1, January 2026

214



79.

80.

81.

82.

Godman B, Malmsttém  RE,
Diogene E, Jayathissa S, McTaggart
S, Cars T, Alvarez-Madrazo S,
Baumgirtel C, Brzezinska A, Bucsics
A, Campbell S, Eriksson I, Finlayson
A, Furst ], Garuoliene K, Gutiérrez-
Ibarluzea I, Hviding K, Herholz H,
Joppi R, Kalaba M, Laius O,
Malinowska K, Pedersen HB,
Markovic-Pekovic V, Piessnegger ],
Selke G, Sermet C, Spillane S,
Tomek D, Voncina L, Vlahovié-
Palcevski V, Wale J, Wladysiuk M,
van Woetkom M, Zara C,
Gustafsson LL. Dabigatran - a
continuing exemplar case history
demonstrating  the need  for
comprehensive models to optimize
the utilization of new drugs. Front
Pharmacol. 2014 Jun 10; 5:109. doi:
10.3389/fphar.2014.00109.

Ishaq R, Baloch NS, Igbal QQ, Saleem
F, Hassali MA, Igbal J, et al
Frequency and evaluation of the
perceptions  towards  caesarean
section among pregnant women
attending public hospitals in Pakistan
and the implications. Hosp Pract.
2017;45(3):104-10. doi:
10.1080/21548331.2017.1328250.
Godman B, Grobler C, Van-De-Lisle
M, Wale J, Barbosa WB, Massele A,
et al. Pharmacotherapeutic
interventions for bipolar disorder
type  II:  addressing  multiple
symptoms and approaches with a
particular emphasis on strategies in
lower and middle-income countries.
Expert Opin Pharmacother.
2019;20(18): 2237-55.doi:
10.1080/14656566.2019.1684473.
Godman B, Hill A, Simoens S, Selke
G, Selke Krulichova I, Zampirolli
Dias C, et al. Potential approaches
for the pricing of cancer medicines
across Burope to enhance the
sustainability of healthcare systems
and the implications. Expert Rev
Pharmacoecon ~ Outcomes  Res.
2021;21(4): 527-40.doi:
10.1080/14737167.2021.1884546.

The miRNAs involved in PCOS and the implications

83.

84.

85.

86.

87.

Godman B, Fadare ], Kwon HY,
Dias CZ, Kurdi A, Dias Goddi IP, et
al. Evidence-based public policy
making  for medicines  across
countries: findings and implications
for the future. ] Comp Eff Res.
2021;10(12): 1019-52.doi:
10.2217/cer-2020-0273.

Ogunleye OO, Godman B, Fadare
JO, Mudenda S, Adeoti AO, Yinka-
Ogunleye AF, et al.Ogundele SO,
Oyawole MR, Schonfeldt M, Rashed
WM, Galal AM, Masuka N,
Zaranyika T, Kalungia AC, Malande
OO, Kibuule D, Massele A, Chikowe
I, Khuluza F, Taruvinga T, Alfadl A,
Malik E, Oluka M, Opanga S,
Ankrah DNA, Sefah IA, Afriyie D,
Tagoe ET, Amu AA, Msibi MP,
Etando A, Alabi ME, Okwen P,
Niba LL, Mwita JC, Rwegerera GM,
Kgatlwane J, Jairoun AA, Ejekam C,
Mavenyengwa RT, Murimi-Worstell
I, Campbell SM, Meyer JC.
Coronavirus Disease 2019 (COVID-
19) Pandemic across Africa: Current
Status of  Vaccinations and
Implications for the Future. Vaccines
(Basel). 2022;10(9):1553. doi:
10.3390/vaccines10091553..

Godman B, Finlayson AE, Cheema
PK, Zebedin-Brandl E, Gutiérrez-
Ibarluzea I, Jones J, et al
Personalizing health care: feasibility
and future implications. BMC
Medicine. 2013; 11:179.DOLI:
10.1186/1741-7015-11-179.

Zampirolli Dias C, Godman B,
Gargano LP, Azevedo PS, Garcia
MM, Souza Cazarim M, et al

Integrative Review of Managed
Entry Agreements: Chances and
Limitations. Pharmacoeconomics.

2020;38(11):1165-1185.DOL:
10.1007/s40273-020-00943-1.

Szukiewicz D, Trojanowski S,
Kociszewska A, Szewczyk G.
Modulation of the Inflammatory
Response in  Polycystic  Ovary

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

88.

89.

90.

91.

92.

Syndrome  (PCOS)-Searching  for
Epigenetic Factors. Int J Mol Sci.
2022 Nov 24;23(23):14663. doi:
10.3390/1jms232314663.

Topkaraoglu S, Hekimoglu G.
Abnormal expression of miRNA in
women  with  polycystic  ovary
syndrome (PCOS). Medical Research
Reports. 2023;6(3):183-
91.https://doi.org/10.55517 /mrr.13
240616.

Brennan E, Butler AE, Drage DS,
Sathyapalan T, Atkin SL. Serum
polychlorinated biphenyl levels and
circulating. miRNAs in non-obese
women with and without polycystic
ovary syndrome. Front Endocrinol
(Lausanne). 2023 Sep 18;
14:1233484. doi:
10.3389/fendo.2023.1233484.

Naredi N, Misra P, Ramaswamy P,
Godse R, Gambhirrao A, Madathan
Kandi S, Gopinath R, Gupta A,
Vashum Y. Differential expression of

miR-21, miR-222, and Let-7b in
setum and follicular fluid of
polycystic ovary syndrome:
Correlation with biochemical

parameters. Med ] Armed Forces
India. 2025;81(Suppl 1): S23-S36.
doi: 10.1016/j.mjafi.2024.04.003.
Epub 2024 Jun 8. PMID: 40822053;
PMCID: PMC12351058.

Sahraeian S, Abbaszadeh HA,
Taheripanah R, Edalatmanesh MA,
Keshavarzi S, Ghazifard A. Exosome
Therapy and Photobiomodulation
Therapy Regulate mi-RNA 21, 155
Expressions, Nucleus Acetylation
and Glutathione in a Polycystic
Ovary Oocyte: An In Vitro Study. ]
Lasers Med Sci. 2024;15: e10. doi:
10.34172/jlms.2024.10.

Sabry R, Gallo JF, Rooney C,
Scandlan OLM, Davis OS, Amin S,
Faghih M, Karnis M, Neal MS,
Favetta LA. Genetic and Epigenetic
Profiles of Polycystic Ovarian
Syndrome and In Vitro Bisphenol

93.

94.

95.

96.

97.

98.

Exposure in a Human Granulosa
Cell Model. Biomedicines. 2024 Jan

21;12(1):237. dot:
10.3390/biomedicines12010237.
PMID: 38275408, PMCID:
PMC10813104.

Esfandyari S, Elkafas H, Chugh RM,
Park HS, Navarro A, Al-Hendy A.
Exosomes as Biomarkers for Female
Reproductive  Diseases Diagnosis
and Therapy. International Journal of
Molecular Sciences. 2021;22(4). DOL:
10.3390/1jms22042165.

Karkia R, Wali S, Payne A, Karteris
E, Chatterjee J. Diagnostic Accuracy
of Liquid Biomarkers for the Non-
Invasive Diagnosis of Endometrial
Cancer: A Systematic Review and
Meta-Analysis. Cancers (Basel). 2022
;14(19):4660. doi:
10.3390/ cancers14194666.

Panchal S, Kumar N, Kumar P,
Singh S, Yadav VK. Biomarkers for
disease identification. InBiomarkers
in environmental and human health
biomonitoring 2024 Jan 1 (p. 269-
291). Academic
Press.https://doi.org/10.1016/B978
-0-443-13860-7.00011-2.

Thompson M, Ahmadi S, Davoudian
K, De La Franier B, Lotay N,
Bernardini MQ). Sensor detection in
gynaecological medicine. Sensors &
Diagnostics. 2022;1(5):877-901.
DOTI: 10.1039/D2SD00090C.

Kaur I, Suri V, Rana SV, Singh A.
Treatment pathways traversed by
polycystic ovary syndrome (PCOS)
patients: A mixed-method study.
PLoS One. 2021;16(8): e0255830.
DOI: 10.1371/journal.pone.0255830.

Alotaibi M, Shaman AA. Enhancing
polycystic ovarian syndrome
awareness using private  social
networks. Mhealth. 2020; 6:33. doi:
10.21037/mhealth.2019.12.02..

JMCWH, Vol-22, Issue-1, January 2026

216


https://doi.org/10.1039/D2SD00090C

99.

100.

101.

102.

103.

104.

Naji M, Aleyasin A, Nekoonam §,
Arefian E, Mahdian R, Amidi F.
Differential Expression of miR-93
and miR-21 in Granulosa Cells and
Follicular Fluid of Polycystic Ovary
Syndrome Associating with Different
Phenotypes. Sci Rep.
2017;7(1):14671. doi:
10.1038/s41598-017-13250-1.

Dhaded S, Dabshetty S. Role of
circulation miRNA-21 in patients
suffering  with  polycystic  ovary
syndrome  (PCOS).  International
Journal of Clinical Obstetrics and
Gynaecology. 2018;2(3):92-5.

Serensen AE, Udesen PB, Maciag G,
Geiger J, Saliani N, Januszewski AS,
Jiang G, Ma RC, Hardikar AA,
Wissing MLM, Englund ALM,
Dalgaard LT. Hyperandrogenism and
Metabolic Syndrome Are Associated
with Changes in Serum-Derived
mictoRNAs in  Women  with
Polycystic Ovary Syndrome. Front
Med (Lausanne). 2019; 6:242. doi:
10.3389/fmed.2019.00242.

De Nardo Maffazioli G, Baracat EC,
Soares JM, Carvalho KC, Maciel
GAR. Evaluation of circulating
mictoRNA  profiles in Brazilian
women  with  polycystic  ovary
syndrome: A preliminary study. PLoS
One. 2022;17(10): ¢0275031. DOL:
10.1371/journal.pone.0275031.

Long W, Zhao C, Ji C, Ding H, Cui
Y, Guo X, et al. Characterization of
serum microRNAs profile of PCOS
and identification of novel non-
invasive biomarkers. Cell Physiol
Biochem. 2014;33(5):1304—
1315.DOI: 10.1159/000358698.

Roth LW, McCallie B, Alvero R,
Schoolcraft WB, Minjarez D, Katz-
Jaffe MG. Altered microRNA and
gene expression in the follicular fluid
of women with polycystic ovary
syndrome. ] Assist Reprod Genet.
2014;31(3):355-62. doi:
10.1007/s10815-013-0161-4.

The miRNAs involved in PCOS and the implications

105.

Wu HL, Heneidi S, Chuang TY,
Diamond MP, Layman LC, Azziz R,
et al. The expression of the miR-
25/93/106b family of micro-RNAs
in the adipose tissue of women with
polycystic ovary syndrome. ] Clin

Endocrinol ~ Metab.  2014;99(12):
E2754-61. doi:  10.1210/jc.2013-
4435.

106. Jiang I, Huang J, Li L, Chen Y, Chen

107.

108.

109.

110.

X, Zhao X, et al. MicroRNA-93
promotes ovarian granulosa cells
proliferation ~ through  targeting
CDKNI1A in polycystic ovarian
syndrome. ] Clin Endocrinol Metab.
2015;100(5): E729-38. doi:
10.1210/jc.2014-3827.

Lin L, Du T, Huang J, Huang LL,
Yang DZ. Identification  of
differentially expressed microRNAs
in the ovary of polycystic ovary
syndrome with hyperandrogenism
and insulin resistance. Chin Med ]J.
2015;128(2):169-74. doi:
10.4103/0366-6999.149189.

Liu S, Zhang X, Shi C, Lin J, Chen
G, Wu B, et al. Altered microRNA
expression profiling in cumulus cells
from patients with polycystic ovary
syndrome. ] Transl Med. 2015;
13:238. doi:  10.1186/s12967-015-
0605-y.

Sathyapalan T, David R, Gooderham
NJ, Atkin SL. Increased expression
of circulating miRNA-21-93 in

women  with  polycystic  ovary
syndrome may represent a novel,
non-invasive biomarker for

diagnosis. Sci Rep. 2015; 5:16890.
doi: 10.1038/step16890.

Shi L, Liu S, Zhao W, Shi J. miR-
483-5p and miR-486-5p are down-

regulated in cumulus cells of
metaphase II oocytes from women

with  polycystic ovary syndrome.
Reprod Biomed Online.
2015;31(4):565-72. doi:

10.1016/j.tbmo.2015.06.023.

217

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

111.

112.

113.

114.

115.

116.

117.

Song J, Luo S, Li SW. miRNA-21-
592 is downregulated and may target
LHCGR in  polycystic  ovary
syndrome patients. Reprod Biol.
2015;15(4):229-37. doi:
10.1016/j.repbio.2015.10.005.

Xu B, Zhang YW, Tong XH, Liu YS.
Characterization  of  microRNA
profile in human cumulus granulosa
cells: Identification of microRNAs
that regulate Notch signaling and are
associated with PCOS. Mol Cell
Endocrinol. 2015; 404:26-36. doi:
10.1016/j.mce.2015.01.030.

Huang X, Liu C, Hao C, Tang Q, Liu
R, Lin S, et al. Identification of
altered microRNAs and mRNAs in
the cumulus cells of PCOS patients:

miRNA-21-509-3p promotes
oestradiol secretion by targeting
MAP3KS. Reproduction.
2016;151(6):643-55. doi:
10.1530/REP-16-0071.

Scalici E, Traver S, Mullet T,

Molinari N, Ferriéres A, Brunet C, et
al.  Circulating  microRNAs in
follicular fluid, powerful tools to
explore in vitro fertilization process.
Sci Rep. 2016; 6:24976. doi:
10.1038/step24976.

Song DK, Sung YA, Lee H. The
Role of Serum MicroRNA-6767-5p
as a Biomarker for the Diagnosis of
Polycystic Ovary Syndrome. PLoS
One. 2016 Sep 27;11(9): €0163756.
doi: 10.1371/journal.pone.0163756..

Serensen AE, Wissing ML, Englund
AL, Dalgaard LT. MicroRNA
Species in Follicular ~ Fluid
Associating with Polycystic Ovary
Syndrome and Related Intermediary
Phenotypes. ] Clin Endocrinol
Metab. 2016;101(4):1579-89.  doi:
10.1210/jc.2015-3588.

Xiang Y, Song Y, Li Y, Zhao D, Ma
L, Tan L. miR-483 is Down-
Regulated in Polycystic Ovarian
Syndrome and Inhibits KGN Cell

118.

119.

120.

121.

122.

Proliferation via Targeting Insulin-
Like Growth Factor 1 (IGF1). Med
Sci Monit. 2016 Sep 23; 22:3383-
3393, doi: 10.12659/msm.897301.

Cai G, Ma X, Chen B, Huang Y, Liu
S, Yang H, et al. MicroRNA-145
Negatively Regulates Cell
Proliferation ~ Through Targeting
IRS1 in Isolated Ovarian Granulosa
Cells from Patients with Polycystic
Ovary  Syndrome. Reprod  Sci.
2017;24(6):902-10. doi:
10.1177/1933719116673197.

Eisenberg I, Nahmias N, Novoselsky
Persky M, Greenfield C, Goldman-
Wohl D, Hurwitz A, et al. Elevated
circulating micro-ribonucleic  acid
(miRNA-21)-200b and miRNA-21-
429 levels in anovulatory women.
Fertil Steril. 2017;107(1):269-75. doi:
10.1016/j.fertnstert.2016.10.003.

Hosseini AH, Kohan L, Aledavood
A, Rostami S. Association of miR-
146a 152910164 and miR-222
rs2858060 polymorphisms with the
risk of polycystic ovary syndrome in
Iranian women: A case-control study.
Taiwan ]  Obstet  Gynecol
2017;56(5):652-6. doi:
10.1016/j.0g.2017.08.014.

Xiong W, Lin Y, Xu L, Tamadon A,
Zou S, Tian F, et al. Circulatory
mictoRNA 232 and microRNA 23b
and polycystic ovary syndrome
(PCOS): the effects of body mass
index and sex hormones in an
Eastern Han Chinese population. J
Ovarian  Res. 2017;10(1):10. doi:
10.1186/s13048-016-0298-8.

Zhang CL, Wang H, Yan CY, Gao
XF, Ling X]J. Deregulation of
RUNX2 by miR-320a deficiency
impairs steroidogenesis in cumulus
granulosa cells from polycystic ovary
syndrome (PCOS) patients. Biochem
Biophys Res Commun.
2017;482(4):1469-76. doi:
10.1016/j.bbrc.2016.12.059.

JMCWH, Vol-22, Issue-1, January 2026

218



123.

124.

125.

126.

127.

128.

Ebtahimi SO, Reiisi S, Parchami
Barjui S. Increased risk of polycystic
ovary syndrome (PCOS) associated
with CC genotype of miR-146a gene
variation.  Gynecol  Endocrinol.
2018;34(9):793-7. doi:
10.1080/09513590.2018.1460341.

He T, Liu Y, Jia Y, Wang H, Yang X,
Lu G, Liu H, Shi Y. MicroRNA-141
and MicroRNA-200c Are
Overexpressed in Granulosa Cells of
Polycystic Ovary Syndrome Patients.
Front Med (Lausanne). 2018 Oct 29;
5:299. doi:
10.3389/fmed.2018.00299.

Mao Z, Fan I, Yu Q, Luo S, Wu X,
Tang J, et al. Abnormality of Klotho
Signaling Is Involved in Polycystic
Ovary  Syndrome. Reprod  Sci.
2018;25(3):372-83. dot:
10.1177/1933719117715129.

Murri M, Insenser M, Fernindez-
Duran E, San-Millan JL, Luque-
Ramirez M, Escobar-Motreale HF.
Non-targeted profiling of circulating
mictoRNAs in  women  with
polycystic ovary syndrome (PCOS):
effects of obesity and sex hormones.
Metabolism. 2018; 86:49-60. doi:
10.1016/j.metabol.2018.01.011.

Naji M, Nekoonam S, Aleyasin A,
Arefian E, Mahdian R, Azizi E, et al.
Expression of miR-15a, miR-145,
and miR-182 in granulosa-lutein
cells, follicular fluid, and serum of
women  with  polycystic  ovary
syndrome (PCOS). Arch Gynecol
Obstet.  2018;297(1):221-31.  doi:
10.1007/s00404-017-4570-y.

Wang M, Sun J, Xu B, Chrusciel M,
Gao J, Bazert M, et al. Functional
Characterization of MicroRNA-27a-
3p Expression in Human Polycystic
Ovary Syndrome. Endocrinology.
2018;159(1):297-309. doi:
10.1210/en.2017-00219.

The miRNAs involved in PCOS and the implications

129.

130.

131.

132.

133.

134.

Yao L, Li M, Hu J, Wang W, Gao M.
MiRNA-21-335-5p negatively
regulates granulosa cell proliferation
via SGK3 in PCOS. Reproduction.
2018;156(5):439-49. doi:
10.1530/REP-18-0229.

Zhang H, Gao Z, Zhang Y, Wang H,
Li Y. MiR-873-5p regulated LPS-
induced oxidative stress viz targeting
heme oxygenase-1 (HO-1) in KGN
cells. RSC Adv. 2018 Nov
22;8(68):39098-39105. doi:
10.1039/c81a06697c.

Geng Y, Sui C, Xun Y, Lai Q, Jin L.
MiRNA-21-99a can regulate
proliferation and apoptosis of human
granulosa cells via targeting IGF-1R
in polycystic ovary syndrome. J
Assist Reprod Genet.
2019;36(2):211-21. doi:
10.1007/s10815-018-1335-x.

Hou Y, Wang Y, Xu S, Qi G, Wu X.
Bioinformatics  identification  of
microRNAs involved in polycystic
ovary syndrome based on microarray
data. Mol Med Rep. 2019;20(1):281-
91. doi: 10.3892/mmr.2019.10253.

Luo H, Han Y, Liu J, Zhang Y.
Identification of microRNAs in
granulosa cells from patients with
different levels of ovarian reserve
function and the potential regulatory
function of miR-23a in granulosa cell
apoptosis. Gene. 2019; 686:250-60.
doi: 10.1016/j.gene.2018.11.025.

McAllister JM, Han AX, Modi BP,
Teves ME, Mavodza GR, Anderson

ZL, et al. miRNA-21 Profiling
Reveals miRNA-21-130b-3p
Mediates DENNDI1A Variant 2
Expression and Androgen
Biosynthesis. Endocrinology.
2019;160(8):1964-81. doi:

10.1210/en.2019-00013.

219

JMCWH, Vol-22, Issue-1, January 2026



The miRNAs involved in PCOS and the implications

135. Rashad NM, Ateya MA, Saraya YS, 140. Soyman Z, Durmus S, Ates S,
Elnagar WM, Helal KF, Lashin ME, Simsek G, Sozer V, Kundaktepe BP,
et al. Association of miRNA-21 - 320 Kurtulus D, Gelisgen R, Sal V, Uzun
expression level and its target gene H. Circulating mir-132, mir-1406a,
endothelin-1 with the susceptibility mir-222, and mir-320 expression in
and clinical features of polycystic differential diagnosis of women with
ovary syndrome. ] Ovarian Res. polycystic ovary syndrome. Acta
2019;12(1):39. doi: 10.1186/s13048- Endocrinologica (Bucharest). 2022
019-0513-5. Jan;18(1):13.doi: 10.4183/aeb.2022.1

136. Song Y, Yu G, Xiang Y, Li Y, Wan 3
I, Tan L. Altered miR-186 and miR- 141. Naseri MR, Kalantar SM,
135a contribute to granulosa cell Nikoonahad N,  Shafienia H,
dysfunction by targeting ESR2: A Montazeri F. Differential Expression
possible role in polycystic ovary of  Circulating miRNA-103 in
syndrome. Mol Cell Endocrinol. Women with and without Polycystic
2019; 494:110478. dot: Ovary  Syndrome. International
10.1016/j.mce.2019.110478. Journal of Medical Laboratory. 2022

. Nov 10;9(4):295-303. DOI

137. Wang Y, Xu S, Wang Y, Qi G, Hou . .

Y, Sun C, et al Id%nﬁﬁ(ition and 10.18502/fjml. v9i4.11624.

potential  value of  candidate 142. Udesen PB, Serensen AE, Svendsen
mictoRNAs in granulosa cells of R, Frisk NLS, Hess AL, Aziz M, et
polycystic ovary syndrome. Technol al.  Circulating miRNA-21s in
Health Care. 2019;27(6):579-87. doi: Women with Polycystic  Ovary
10.3233/THC-181510. Syndrome: A Longitudinal Cohort

138. Butler ~AE, Ramachandran V, ?(t)u;igéo/cceglss:l220072039’8312(7). DOL

Cunningham  TK, David R, ' '
Gooderham NJ, Benurwar M, et al.
Increased MicroRNA Levels in
Women with Polycystic Ovarian
Syndrome but Without Insulin
Resistance: A Pilot Prospective
Study. Front Endocrinol (Lausanne).
2020; 11:571357. doi:
10.3389/fendo.2020.571357.

139. Nanda D, Chandrasekaran SP,
Ramachandran V, Kalaivanan K,
Carani Venkatraman A. Evaluation
of Serum miRNA-24, miRNA-29a
and miRNA-502-3p Expression in
PCOS Subjects: Correlation with
Biochemical Parameters Related to
PCOS and Insulin Resistance. Indian
J Clin Biochem. 2020 Apr;35(2):169-
178. doi: 10.1007/s12291-018-0808-
0. Epub 2019 Jan 3. PMID:
32226248; PMCID: PMC7093609.

JMCWH, Vol-22, Issue-1, January 2026 220


https://doi.org/10.4183/aeb.2022.13
https://doi.org/10.4183/aeb.2022.13
https://doi.org/10.4183/aeb.2022.13

