
Introduction
Polycystic ovary syndrome (PCOS) is among the common 
endocrine disorders in reproductive-aged women 
globally, with the estimated prevalence ranging between 
5% and 10% based on the reference definition and 
population demographics. It must be diagnosed based 
on a combination of clinical and biochemical symptoms, 
in particular, hyperandrogenism, anovulation, and 
polycystic ovaries as seen by ultrasound. PCOS has long 
been associated with a disorder in ovarian functionality, 
yet current studies show that women with the condition 
may also exhibit changes in the morphology and function 
of the uterine tube, which might affect their fertility and 
pregnancy outcomes (1-4).

Polycystic ovary syndrome (PCOS) is a complex 
endocrine disorder characterized by a combination of 
metabolic, hormonal, and reproductive abnormalities. 
Central to its pathophysiology is an increase in androgen 
secretion and a disruption of the estrogen-progesterone 
balance, primarily driven by impaired steroidogenesis 
and enzymatic disruptions, including alterations in 
cytochrome P450 family enzymes (CYP11A, CYP17A1, 

CYP19A1) and 3β-hydroxysteroid dehydrogenase activity 
(5). Elevated testosterone levels contribute to disordered 
ovarian follicle development by modulating the 
expression of anti-Müllerian hormone (AMH), follicle-
stimulating hormone (FSH) receptors, and aromatase. 
Furthermore, PCOS is associated with insulin resistance 
and compensatory hyperinsulinemia, which exacerbate 
ovarian androgen production and are often linked to 
overweight and obesity (5). Dysregulation of metabolic 
pathways, including low-grade inflammation and changes 
in GLUT-2 and PPAR-γ signaling, further worsens the 
clinical presentation. Elevated androgen levels can also 
lead to endometrial hyperplasia and cancer, and impair 
egg transport, increasing the risk of infertility and ectopic 
pregnancy. Understanding the interconnected hormonal, 
metabolic, and reproductive mechanisms underlying 
PCOS is critical for developing targeted therapeutic 
strategies to mitigate its broad health impacts (6) 
(Figure 1).

The most well-known tubular structure is the uterine 
tube, or, more commonly, the fallopian tube, which 
contributes to female reproductive physiology by 
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transporting oocytes from the ovaries to the uterus and 
serving as the site of fertilization. Altered appearance 
and performance of the uterine tubes potentially lead to 
reduced fertility and pregnancy complications, specifically 
an ectopic pregnancy, whereby a fertilized egg attaches 
outside of the uterus, commonly in the uterine tube (7-9).

Oral contraceptives and fertility-inducing agents are 
usually employed in the treatment of this condition to 
help correct irregular menstrual patterns and decrease 
high levels of androgens, as well as clinical manifestations 
like hirsutism and acne. Thus, although hormone therapy 
can be used to alleviate some of the symptoms known to 
be related to PCOS, its effects on the tissues lining the 
uterine tubes and gene expression are still unknown. 
As the specialty tissue most implicated in fertility and 
pregnancy, understanding the impact of hormone therapy 
on the uterine tube is crucial to directing the clinical 
approach to PCOS and enhancing the reproductive health 
of individuals with the condition (10-12).

In addition, recent data indicate that key genetic changes 
in PCOS occur at multiple levels, affecting biological 
pathways ranging from steroidogenesis to inflammation 
and insulin sensitivity. Aberrant gene expression in low 
density lipoprotein receptor may play a significant role 
in PCOS and its potential endometrial implications, 
including ectopic pregnancy. Consequently, the effects of 

hormone therapy on gene expression in PCOS patients 
can be crucial for therapeutic intervention, as they help 
identify specific biomarkers in the molecular mechanism 
of the disease (13-15).

While several reviews have examined the broad 
reproductive and metabolic consequences of PCOS, 
few have specifically addressed how hormone therapy 
influences uterine tube morphology and gene expression 
in the context of ectopic pregnancy risk. This review 
uniquely focuses on the intersection of hormone therapy, 
tubal function, and molecular alterations in PCOS, aiming 
to bridge a critical knowledge gap relevant to fertility and 
clinical risk assessment.

Methods
This narrative review was conducted through a 
comprehensive search of PubMed, Scopus, and Web of 
Science using relevant keywords (e.g., “PCOS,” “hormone 
therapy,” “ectopic pregnancy”). Literature from 2000 to 
2025 was reviewed, with emphasis on studies examining 
molecular, hormonal, and histological mechanisms 
linking hormone therapy to tubal pathology in PCOS. 
Keywords and medical subject headings (MeSH) used 
included: “Polycystic Ovary Syndrome,” “PCOS,” 
“hormone therapy,” “uterine tube,” “fallopian tube,” 
“ectopic pregnancy,” “gene expression,” and “tubal 

Figure 1. Overview of Polycystic Ovary Syndrome.
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pathology.” Boolean operators (AND, OR) were used to 
combine search terms. Only articles published in English 
were considered.

PCOS: Overview of the System/Organism and 
Pathophysiology
PCOS can be described as an endocrine disease, which 
is furthermore manifested through several symptoms 
associated with the hormonal disorders of women of 
fertile age. One of the most common forms of hormonal 
disturbances affecting females is PCOS, and according to 
studies, its incidence is approximately 5-10% worldwide 
(16-18).

As for the precise cause of PCOS, the underlying 
mechanisms are still not clear, and it is believed that 
the condition is polygenic and, in addition, may be 
influenced by both genetic and environmental factors, 
hormonal disturbances, and even insulin resistance. It 
is still not clear what precisely causes PCOS; however, 
there is a widely accepted opinion that such a disorder 
is caused by deviations in several critical physiological 
imperatives, namely ovarian function, insulin sensitivity, 
and gonadotropin regulation (18-20).

Another clinical feature that we find in PCOS is the 
altered pattern of ovarian cyclicity, where the patient either 
has chronic anovulation or oligo-ovulation. In women 
with PCOS, the hormones that regulate the development 
and release of mature eggs (follicles) also become irregular, 
causing irregular menses and an inability to conceive. 
This anovulation therefore arises from disruption of 
the hypothalamic-pituitary-ovarian (HPO) axis, which 
coordinates the menstrual cycle and ovarian activity. In 
PCOS, women are characterized by a high LH/FSH ratio, 
leading to abnormal follicular maturation and ovulation 
(5,21-23).

Another undeniable symptom of PCOS is 
hyperandrogenism, or the presence of higher levels 
of male hormones in the body of a woman, and we are 
talking about androgens, including testosterone. Women 
with PCOS have clinical indices of hyperandrogenism, 
hirsutism, acne, Alopecia, and serum androgen levels 
are raised. Hyperandrogenism in PCOS can result from 
increased ovarian androgen synthesis, increased adrenal 
androgen secretion, and increased concentration of 
circulating androgens that may be due to changes in 
androgen metabolism in peripheral tissues (16-18).

Tissue and peripheral insulin resistance/increased 
demand for insulin/ hyperinsulinemia are considered 
further anthropomorphic disturbances observed in 
women with PCOS. Insulin resistance is diminished 
sensitivity of target tissues, such as muscles, hepatic cells, 
and fat tissue, to insulin, and consequently, a suboptimal 
ability to transport and utilize glucose in the body. This 
leads to an insulin-resistant state, thereby elevating insulin 
output from pancreatic beta cells to maintain normal 
blood glucose levels. This paper noted that the insulin 

resistance, as well as hyperinsulinemia, facilitates the 
androgen production in the ovary, follicular disruption, 
and the impaired glucose metabolism that plays a crucial 
role in the development of PCOS (24-26).

Other accompanying conditions are often seen in PCOS, 
especially obesity, which contributes to the enhancement 
of insulin resistance and metabolic disorders. There 
are endocrine properties of adipose tissue, especially 
Visceral adipose tissue, which releases adipokines and 
inflammatory cytokines, leading to insulin resistance and 
chronic low-grade inflammation. Obesity is an aggravating 
factor of metabolic abnormalities because obesity leads to 
hyperandrogenism due to aromatase enzyme activity in 
adipose tissue (27,28).

Besides the metabolic and reproductive phenotypes 
observed in post-puberty, PCOS is implicated in the risk 
of cardiovascular disease, type 2 diabetes mellitus, and 
some psychiatric disorders like depression and anxiety. It 
is well established that prolonged exposure to unopposed 
estrogen promotes endometrial hyperplasia, which may 
progress to endometrial carcinoma if not appropriately 
managed (18, 28).

This paper describes the etiology of PCOS as most likely 
comprising genetic and hormonal abnormalities, insulin 
resistance, and pathological changes in various target 
organs that contribute to phenotypic variability in affected 
patients. Knowledge of the specific biological process 
abnormalities underlying PCOS is crucial for defining 
appropriate pharmacological and lifestyle treatments to 
enhance the reproductive, metabolic, and psychological 
well-being of women affected by the syndrome (Figure 2).

Hormone replacement therapy is a vital factor in the 
management of PCOS
As for hormonally active disorders, such as PCOS, 
hormone therapy is of significant importance in target 
symptom amelioration and overall endocrine function 
management for the subsequent return of menstrual 
cycles and improvements in reproductive and metabolic 
health. PCOS manifests itself in findings such as elevated 
androgen levels, ovulatory dysfunction, including 
irregular menstrual cycle and anovulation, which presents 
a profound impact on fertility and metabolism. Hormone 
therapy addresses such imbalances and disparities in the 
following ways and by using the following medications: 
oral contraceptives, anti-androgen medicines, and 
ovulation-stimulating products (5,29,30).

Combined oral contraceptives (OCs) are the most 
common pharmacological treatment interventions 
used in PCOS because they alleviate menstrual cycle 
irregularities, decrease circulating androgens, and help 
manage acne and excessive hair growth. The birth 
control oral pills containing both estrogen and progestin 
components inhibit gonadotropin-releasing hormone 
secretion from the pituitary gland, thus inhibiting the 
ovarian androgen production, and provide regular cycles. 
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Second, OCs have been observed to elevate sex hormone 
binding globulin, therefore lowering the levels of free 
testosterone and consequently alleviating the symptoms 
of hyperandrogenism such as acne and hirsutism (31).

Also, several drugs can be administered to prevent 
androgen action in the target tissues, which is another 
group of agents used in the treatment of PCOS. These 
include spironolactone, cyproterone acetate, and flutamide, 
some of the anti-androgens used in the management of 
hirsutism, acne, and alopecia in women with PCOS. For 
this reason, these medications are used to counteract the 
effects of androgens, inhibit the production of androgens, 
or inactivate testosterone into dihydrotestosterone. 
These agents reduce androgen concentrations and the 
impact they have on tissues, thus lessening the condition 
symptoms and enhancing the appearance (32-34).

Ovulation is one of the most important therapeutic 
interventions that can be used in women with PCOS who 
desire to get pregnant. Clomiphene citrate and letrozole 
are used to induce ovulation in women with anovulatory 
infertility. Women with anovulatory infertility are treated 
with ovulation-inducing drugs as clomiphene citrate 
and letrozole. Soon, men can restore normal levels of 
testosterone and sperm concentration. Clomiphene 
citrate is a SERM that binds to estrogen receptors in the 
hypothalamus and blocks them; as a result, GnRH and 
FSH levels are stimulated. Letrozole works by inhibiting 

the aromatase enzyme, thus reducing estrogen production; 
the suppression results in raised FSH levels to support 
follicular development and ovulation (4,34,35).

When it comes to the actual management of PCOS, 
hormone therapy also has protocol advantages in the 
form of the regulation of menstrual cycles and the 
enhancement of fertility rates, as well as having the added 
benefit of reducing breast cancer risk, cardiovascular 
risks, and enhancing insulin sensitivity. Jason et al 
postulated that there is clinical improvement of insulin 
sensitivity, triglyceride, and endothelial function among 
women with PCOS taking combined oral contraceptives. 
Spironolactone and other anti-androgens may also possess 
an optimum metabolic profile as constituents of insulin 
resistance and high BP (18,34,36).

Many PCOS patients have profited from hormone 
treatments; however, it must be remembered that there are 
always certain risks and side effects of the drugs used in 
treatment. In terms of side effects, moderate exacerbations 
of symptoms may occur in women taking oral 
contraceptives, including nausea, breast tenderness, and 
breakthrough bleeding. At the same time, anti-androgens 
may cause menstrual irregularities, gastrointestinal 
symptoms, and electrolyte abnormalities. BMP also noted 
that medications that help induce ovulation could lead 
to multiple pregnancy and ovarian hyperstimulation 
syndrome in some women (37,38).

Figure 2. Polycystic Ovary Syndrome and Ectopic Pregnancy, Clinical Manifestations.
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Management of PCOS involves the use of hormone 
therapy, which has been established to be of immense 
importance since it impacts the reproductive and 
metabolic aspects of the disease. Through endogenous 
estrogen, suppression of hirsutism and acne, regulation 
of menstrual cycles, and increased fertility rates, hormone 
therapy benefits women with PCOS by reducing their 
symptom manifestations and overall worsening of their 
condition. However, decisions regarding medication 
selection and treatment management must be based on 
the patient’s needs, the aim of preventing or controlling 
the illness, their metabolic status, and the potential for 
side effects. The benefits of the hormone therapy utilized 
in treating PCOS have been established. Still, it is critical 
to monitor and frequently follow up on treatment to 
ensure the best outcomes and to rule out any side effects, 
in whole or in part, due to the therapy (18,34).

Protein Changes in PCOS in Relation to Endometrial 
Tube Tissue
Structural and functional alterations in the uterine 
(fallopian) tubes are a significant aspect of PCOS that 
impact fertility. These tubes are essential for gamete 
transport and fertilization, and their impairment can 
lead to infertility or ectopic pregnancy, a life-threatening 
condition where the embryo implants outside the uterine 
cavity (39,40).

Histological studies indicate that women with PCOS 
exhibit specific tubal abnormalities, including epithelial 
proliferation and stromal condensation (9,41). These 
morphological changes are thought to arise from the 
core endocrine and metabolic features of PCOS. Elevated 
androgens, such as testosterone, can disrupt the delicate 
estrogen-progesterone balance critical for regulating tubal 
functions like ciliary motion and muscular contractions 
(42,43).

Furthermore, the characteristic insulin resistance 
and hyperinsulinemia of PCOS contribute to abnormal 
cellular proliferation and tissue remodeling within the 
tubes (44-46). This is compounded by a state of chronic 
low-grade inflammation, where inflammatory cytokines 
and oxidative stress can promote fibrosis and further 
disrupt tubal transport mechanisms, increasing ectopic 
pregnancy risk (47,48).

In summary, uterine tube pathology in PCOS is 
multifactorial, driven by intertwined hormonal, metabolic, 
and inflammatory disturbances. A deeper understanding 
of these processes is vital for developing strategies to 
preserve tubal function and improve reproductive 
outcomes. 

Gene Expression Alterations in PCOS
The pathophysiology of PCOS is rooted in distinct 
alterations in gene expression across critical physiological 
pathways, including ovarian function, steroidogenesis, 
and metabolic signaling (49,50).

In the ovary, dysregulation of genes such as AMH 
and the FSH receptor contributes to the arrested 
follicular development and the characteristic polycystic 
morphology (18,51,52). Concurrently, aberrant 
expression of key steroidogenic enzymes (e.g., CYP17A1, 
CYP19A1) disrupts the hormonal milieu, leading to 
hyperandrogenism (53-55).

Beyond the ovary, systemic metabolic dysfunction is 
driven by altered expression of genes involved in insulin 
signaling, such as insulin receptor substrates and glucose 
transporters, which exacerbates insulin resistance (56-
59). A pro-inflammatory state is perpetuated by the 
upregulated expression of cytokines like TNF-α and IL-6 
(60,61).

Emerging research highlights that these expression 
changes are often modulated by epigenetic mechanisms, 
including DNA methylation and non-coding RNAs, 
which can be influenced by the PCOS environment itself 
(62,63).

Thus, the gene expression profile in PCOS is complex 
and system-wide. Elucidating these molecular networks is 
crucial for understanding the syndrome’s etiology and for 
developing targeted, effective therapies (49,64).

Hormone Therapy With Respect to Changes in the 
Uterine Tube Tissue
Hormone therapy is widely used in the management of 
PCOS, yet its specific effects on the uterine tube (fallopian 
tube) tissue remain poorly characterized. Existing studies 
provide preliminary evidence suggesting that hormonal 
treatments, particularly combined OCs and anti-
androgens, may modulate tubal structure and function 
by altering hormonal milieus. However, findings across 
studies remain inconsistent and often speculative (65-67).

Some animal and in vitro studies suggest that reducing 
androgen levels through hormone therapy may improve 
ciliary activity and epithelial integrity in the uterine 
tube, which are crucial for effective oocyte and embryo 
transport. Estrogen and progesterone, the components 
of combined OCs, are known to regulate smooth muscle 
contractility, epithelial proliferation, and ciliary beating 
in the fallopian tubes. By modulating these hormones, 
hormone therapy could theoretically enhance tubal 
function and reduce ectopic pregnancy risk (6).

Androgen excess, an essential trait of PCOS, can also 
affect changes in the endometrial tissue of the uterine 
tubes. ER-β is present in the fallopian tubes, and estrogen 
is involved in the maintenance of tubal structure and 
function. These structural changes in the tubes may 
stem from hormonal changes associated with PCOS, 
as estrogen stimulates tubal epithelial proliferation and 
hypertrophy. Also, estrogen can influence the activity of 
genes responsible for the tubal transport mechanisms 
and mucosa secretions, impacting tubal contractions and 
fertility in women (68,69).

Medical therapy, including estrogen/progesterone pills 
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known as birth control pills or OCs, and drugs that block 
male hormones called androgens, is prescribed to manage 
hormonal fluctuations in the condition. Combined 
OCs containing estrogen and progestin help regulate 
menstrual cycles and decrease androgen synthesis and 
ovarian activity. Spironolactone and cyproterone acetate 
are both antiandrogens that prevent androgens from 
binding to target tissues and can help lessen the impact of 
hyperandrogenism (69,70).

The impact of hormonal manipulation on the uterine 
tube tissue in the case of PCOS has not been investigated 
in detail due to several reasons, such as expenditure and 
variability of human responses in terms of the hormonal 
therapy regimen, its duration, and endocrinopathies at 
the time of examination. From previous research, people 
have postulated that OC use may enhance tubal function 
by acting as agents that lower the androgen levels and 
rebalance the hormonal system. Nonetheless, some other 
authors have expressed a note of concern over OCs and 
their impacts on tubal morphological and functional 
changes, such as the motility of cilia and changes in the 
mucosal lining (71,72).

The issue regarding the effect of hormone therapy 
on the uterine tube tissue in PCOS is quite profound 
and deserves further research. Future research aimed at 
establishing the impact of various hormonal therapies 
on the tubal anatomy, physiology, and pregnancy rates 
in PCOS should be pursued. Luteinizing hormone/
choriogonadotropin receptor agonists and other forms 
of hormone therapy should be chosen, prescribed, and 
administered with respect to the fact that they may alter 
the structure and function of the uterine tube in patients 
with PCOS and affect their fertility.

Molecular Mechanisms Implicated in Ectopic Pregnancy 
Risk
Various molecular changes have been identified that 
can cause AP and thus increase the risk of EP in women 
with health conditions like PCOS. These stages include 
changes in hormonal signaling, genetic dysregulation, 
tubal dysfunction, and hindered transport of embryos, 
which play a role in ectopic pregnancy (73,74).

Hormonal imbalances: Other endocrine disorders, such 
as PCOS, disrupt the hormonal balance required in the 
female reproductive tract. Higher amounts of androgens 
and estrogens, which are characteristic of PCOS, can 
affect the hormonal receptors in the fallopian tubes and 
uterus. Such hormonal changes may influence the ways 
genes regulating the tube’s function and the process of 
embryo implantation work, thus making the woman 
prone to ectopic pregnancies (14,75,76).

Women with PCOS often exhibit elevated androgen and 
estrogen levels, which disrupt normal hormonal signaling 
in the fallopian tubes and uterus. These hormonal 
changes may impair tubal motility and embryo transport, 
increasing susceptibility to ectopic implantation.

Aberrant gene expression: Hormonal imbalances and 
increased expression of genes in the reproductive lining 
and tubes that interfere with ovulation in the womb are seen 
in PCOS. Changes in the expression of genes encoding cell 
adhesion molecule (CAM) molecules, extracellular matrix 
(ECM) components, and cytokines may lead to abnormal 
embryo transport and implantation. This situation may 
cause infertility and make the patient more vulnerable to 
developing an ectopic pregnancy (77-79).

Altered gene expression patterns in PCOS involve 
molecules critical for tubal function (e.g., CAMs, ECM 
proteins, cytokines). These changes may interfere with 
ciliary action, smooth muscle contractility, and normal 
embryo movement through the uterine tubes.

Tubal dysfunction: Tubal disease is another cause of 
ectopic pregnancy, as the fallopian tubes are an essential 
part of the female reproductive system. Attributed to the 
PCOS, there exist conditions that affect motility of the 
cilia, the contractions, and the tubal architecture, which 
may delay movement of embryos within the fallopian 
tubes and transport to the uterus. Endometrial hyperplasia 
and inflammation or oxidative stress within the fallopian 
tubes, common in PCOS, worsen tubal atrophy and 
consequently enhance ectopic pregnancy risks (80-82).

PCOS-related changes in ciliary beat frequency, tubal 
peristalsis, and epithelial integrity compromise the ability 
of the fallopian tube to transport embryos efficiently. 
Structural remodeling due to chronic inflammation or 
hyperandrogenism further exacerbates tubal dysfunction.

Impaired embryo transport: Any disruption of the 
regular embryo transport within the female reproductive 
tract puts such women at risk for ectopic pregnancies. 
Thus, in PCOS, it is possible to observe the dysfunction 
of tubal motility and peristaltic contractions that might 
contribute to the embryos’ retention in tubes, and thereby, 
enable ectopic implantation. Factors such as reduced 
ciliary beat frequency and altered tubal smooth muscle 
contractility contribute to impaired embryo transport and 
ectopic pregnancy risk (83-85).

Endometrial abnormalities: Some of the key factors that 
may be behind the development of ectopic pregnancy in 
the context of women with PCOS include alterations in 
endometrial receptivity and decidualization. Disruption 
of the endometrial microenvironment, including loss of 
expression of molecules that mediate embryo implantation 
and endometrial vascularization, contributes to embryo 
implantation failure and may favor ectopic implantation. 
It must also be noted that endometrial pathologies 
may contribute to the retention of embryos within the 
tubes or other extra-uterine locations, with consequent 
development of ectopic pregnancy in women (86-88).

Conclusively, the factors believed to be involved in the 
pathophysiology of ectopic pregnancy in PCOS include 
hormonal imbalance, gene expression disruption, tubal 
factor dysfunction, abnormal embryo transport, and 
endometrial disorders. Thus, it is essential to conduct more 
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studies in search of the channels mediating these effects 
and to design more effective preventive and therapeutic 
approaches to ectopic pregnancy in PCOS women (89,90).

Clinical Implications and Management Strategies
Detecting the molecular factors that predict the risk for 
ectopic pregnancy in women with PCOS has clinical 
relevance since the information can be used to enhance 
management strategies to decrease the incidence among 
these women (89). Management strategies for ectopic 
pregnancy risk in PCOS may include:

Early detection and monitoring: Due to the raised risk of 
an ectopic pregnancy in women with the PCOS condition, 
identifying pregnancy early and regularly monitoring it is 
critical. Any attempt to develop or modify an algorithm 
targeting patients with PCOS needs to bear in mind the 
latter’s predisposition to ectopic pregnancy and hence 
ensure that the patient is thoroughly assessed for any of 
the following: abdominal pain, vaginal bleeding, and 
hemodynamic instability. The standard postconception 
care should involve repeated measurement of serum 
beta human chorionic gonadotropin and transvaginal 
examination to exclude an ectopic pregnancy (91-93).

Hormonal regulation: Disturbances in these hormones, 
with the specific rebels being androgens and estrogens, 
are characteristic of a group of girls with PCOS and could 
be stated to play a function in the elevated susceptibility 
of women with this sickness to ectopic pregnancy. 
Modify the menstrual cycle and the extent and quality 
of contraception – hormonal therapies, such as oral 
contraceptives or antiandrogens, can be used for women 
with PCOS to reduce the risk of ectopic pregnancy. 
These therapies can assist in the management of irregular 
menstrual cycles, the prevention of the formation of cysts 
in the ovary, and the detection of pregnancy, thus reducing 
the chances of ectopic pregnancy (54,94,95).

Tubal assessment: Because tubal factors are central 
to the development of ectopic pregnancy, testing for 
tubal patency and the functionality of tubes is essential 
for improving outcomes of further fertility in women 
with PCOS who are at higher risk for developing this 
complication. Hysterosalpingography or laparoscopy with 
chromopertubation could be employed to assess tubal 
patency and detect anatomical defects. In cases of tubal 
blockage or disease, techniques like IVF with embryo 
transfer can be used in an attempt to prevent ectopic 
pregnancy by eliminating the possibility of implantation 
in the tubes (96-98).

Lifestyle modifications: Studies have also revealed 
that other lifestyle aspects that may lead to ectopic 
pregnancy include obesity, smoking, and consumption 
of alcohol among women with PCOS. Adopting healthier 
life practices such as eating healthy, quitting cigarette 
smoking, and reducing alcohol consumption may also 
reduce ectopic pregnancy prevalence since they are likely 
to enhance reproductive health and hormonal status of 

the women (99-101).
Patient education and counseling: In the newly 

identified high-risk group of women with PCOS, key 
interventions of patient education and counseling are vital 
in the prevention or amelioration of the risk of ectopic 
pregnancy. It’s therefore crucial for healthcare providers 
to take time and ensure that they inform their patients on 
the early symptoms of ectopic pregnancy, the need and 
importance of early diagnosis, and some of the risks that 
are associated with PCOS and Ectopic pregnancy. Patients 
and clinicians should also be counseled on contraceptive 
choices, fertility, and how ART affects ectopic pregnancy 
risks (99,102,103).

The clinical implications of understanding the molecular 
mechanisms underlying ectopic pregnancy risk in PCOS 
are multifaceted and require a comprehensive approach 
to management. By implementing early detection 
strategies, hormonal regulation, tubal assessment, 
lifestyle modifications, and patient education, healthcare 
providers can effectively mitigate ectopic pregnancy risk 
and improve outcomes for women with PCOS.

Challenges and Future Directions
Challenges and future directions in the management of 
ectopic pregnancy risk in women with PCOS encompass 
several key areas that warrant attention to optimize patient 
care and outcomes (104):
Diagnostic challenges: Perhaps one of the biggest hurdles 
that faces the clinician in managing the risk of ectopic 
pregnancy in relation to PCOS is the detection of ectopic 
pregnancy in the early stages. This implies that women who 
have Ectopic pregnancies can display signs that resemble 
other gynecological disorders, hence complicating 
diagnosis in situations where they are suffering from 
PCOS, which can cause irregular menstrual cycles. Better 
diagnosis processes and techniques like end-of-the-day 
β-hCG quantification, Transvaginal ultrasonography, and 
new explorer molecules will better organize, identify the 
affection early, and timely intervene (93,105).

Personalized risk stratification: PCOS is characterized 
by significant genomic variability and is a multi-factorial 
disease with clinical manifestations and aetiopathogenesis 
in complete variance. Risk evaluation tools can then be 
specifically fit with common patient characteristics such 
as hormonal balance, ovarian structure, and genetic 
factors that can help improve the specificity in identifying 
women at high risk of developing ectopic pregnancy. 
Interventions delivered in a personalized manner, using 
specific numerical risk scores, may be beneficial for 
decision-making by healthcare providers (101,106).

Reproductive counseling and family planning: It is 
therefore vital to educate women with PCOS and offer 
them adequate counsel on their reproductive choices and 
contraceptive measures to minimize the risks of ectopic 
pregnancy. Still, which fertility-related decisions are often 
challenging for women with PCOS and those who are 
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going to or who are undergoing ART, like IVF? Offering 
in-depth reproductive assessment and advice on the 
consequences and potential benefits of the ART, as well 
as the link between ectopic pregnancy dangers and other 
conception possibilities, can help patients to make the 
optimum decision to match their expectations (107-109).

Management of comorbidities: PCOS is known to 
coexist with several complications, which include obesity, 
insulin resistance, and metabolic syndrome, that may 
affect the chance of ectopic pregnancy and treatments. 
Lifestyle changes, medications, and general care models of 
these comorbid conditions can have a significant impact 
on reproductive health and also help in preventing the 
risks of ectopic pregnancy in women with PCOS. Engaging 
other specialists, such as endocrinologists, nutritionists, 
and mental health workers, can help patients with PCOS 
have a better care model to meet the medical, nutritional, 
and cognitive needs of a healthy state (108,110).

Research advancements: In light of the above findings, 
further research must be conducted with the primary aim 
of determining the specific relations between PCOS and 
ectopic pregnancy, so that approach and management 
strategies can be effectively tailored for the clinical care 
of affected women. Future studies could work towards 
discovering new biomarkers, genes, and molecular 
pathways that link with the risk of ectopic pregnancy in 
women with PCOS and improve risk-prediction models, 
as well as the identification of subsequent therapeutic 
targets. Studies in multiple centers, with a large sample 
size and long-term follow-up of women with PCOS and 
a well-characterized control group, are required to fill this 
knowledge gap and improve future practice (93,111,112).

To mitigate the risks of ectopic pregnancy in women 
with PCOS and to develop improvements for the future, 
several recommendations should be made: Diagnostic 
methods need to be refined and personalized risk scores 
need to be established, to present a clear view of the actual 
burden of ectopic pregnancy in the PCOS population 
and perform a proper risk stratification of these patients; 
Comprehensive reproductive counselling requires the 
identification of better counselling strategies for patients 
Managing these domains can help target antenatal care 
to ensure the best outcome for women with PCOS and 
ectopic pregnancy risk.

Conclusions
Finally, it could be asserted that endocrine disruptions 
and interactions with the uterine tube tissue and genes’ 
regulation in women diagnosed with PCOS have essential 
implications for ectopic pregnancy risk. Physiological 
regulation of hormones associated with this disease, 
which forms the basis of the management of PCOS, can 
restore endocrine imbalance and fertility problems. The 
impact of hormonal treatment on uterine tube structures 
and gene profiles remains poorly understood, as explored 
in the present study.

Tubal pathophysiology changes, characterized by 
ultrastructural alterations in the endometrial cell line and 
ciliary activity of the uterine tubes, may alter the quality 
of the tube’s environment and affect embryo mobility, 
thereby making affected individuals more prone to 
ectopic pregnancies. Moreover, some researchers have 
noted how the alterations of gene expression tied to 
PCOS might also be implicated in tubal pathology and 
increasing the likelihood of ectopic pregnancy. These 
changes might be of key importance in the pathogenesis 
of ectopic pregnancy in PCOS patients, and therefore, 
knowing about the molecular-level modifications can help 
to address the problem appropriately.

From a patient’s perspective, progress in translating 
molecular and cellular research to clinical practice may 
improve risk assessment and, subsequently, management 
of patients with PCOS who develop ectopic pregnancy. 
Research efforts for the future should involve examining 
the nature of the hormonal association of the PCOS state, 
the changes in the uterine tube tissue characteristics, and 
the gene expression profiles of the ectopic pregnancy. 
Studies in reproductive endocrinology, molecular biology, 
and clinical genetics hold promise for uncovering the 
intricate interplay among the facets of this condition, 
and the next steps will be to apply the outcomes derived 
from the cross-disciplinary systems to manage patients’ 
conditions effectively.

In conclusion, this paper focuses on the influences of 
hormone therapy on the ectopic pregnancy in relation 
to the uterine tube tissue and genes of PCOS patients, 
thereby revealing a significant area of research need. 
Understanding the molecular basis for these processes 
informs procedures to prevent ectopic pregnancy and 
optimize fertility in PCOS women.

Critical Appraisal and Evidence Gaps
Although available evidence suggests that hormonal 
modulation affects uterine tube morphology and gene 
expression, most studies are based on animal models or 
small clinical samples. Future studies should incorporate 
standardized methodologies, larger sample sizes, and 
histological validation in human tissues to confirm 
causality and clinical implications.
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