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Abstract 
 
Introduction: Adenomyosis is a gynecological condition associated with hormonal 
alterations that impair endometrial function and embryo implantation. Objective: 
To analyze how hormonal alterations influence endometrial receptivity and 
endometrial cell functionality in adenomyosis. Methodology: An exploratory-
descriptive bibliographic study with a qualitative approach was conducted using 
PubMed and Virtual Health Library databases, including articles published between 
2015 and 2025. Results and Discussion: The studies demonstrated that 
hyperestrogenism, progesterone resistance, inflammatory processes, and molecular 
alterations impair endometrial receptivity and contribute to disease progression, 
while hormonal therapies and treatments targeting specific molecular pathways 
show promising results. Conclusion: An integrated understanding of the hormonal, 
inflammatory, and cellular mechanisms is essential for the development of more 
effective and individualized diagnostic and therapeutic approaches. 
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Resumo 
 
Introdução: A adenomiose é uma condição ginecológica associada a alterações 
hormonais que comprometem a funcionalidade endometrial e a implantação 
embrionária. Objetivo: Analisar como as alterações hormonais influenciam a 
receptividade endometrial e a funcionalidade das células endometriais na 
adenomiose. Metodologia: Estudo bibliográfico do tipo exploratório-descritivo, 
com abordagem qualitativa, realizado nas bases PubMed e Biblioteca Virtual em 
Saúde, incluindo artigos publicados entre 2015 e 2025. Resultados e Discussão: 
Os estudos evidenciaram que o hiperestrogenismo, a resistência à progesterona, os 
processos inflamatórios e as alterações moleculares comprometem a receptividade 
endometrial e favorecem a progressão da doença, enquanto terapias hormonais e 
direcionadas a vias moleculares específicas apresentam resultados promissores. 
Conclusão: A compreensão integrada dos mecanismos hormonais, inflamatórios e 
celulares é fundamental para o desenvolvimento de abordagens diagnósticas e 
terapêuticas mais eficazes e individualizadas. 
 

Introduction 
 
Adenomyosis is a complex gynecological 
condition characterized by the presence of 
endometrial tissue in the myometrium, resulting 
in structural and functional alterations of the 
uterus and significantly impacting female 
reproductive health. In recent decades, scientific 
advances have shown that this pathology is 
closely related to hormonal dysregulations, 
especially involving sex steroids such as estrogen 
and progesterone (Liu et al., 2018; Viganò et al., 
2018). Furthermore, adenomyosis interacts with 
several fields of knowledge, including 
endocrinology, molecular biology, and 
reproductive medicine, being frequently 
associated with inflammatory and immunological 
processes, and even mechanisms similar to those 
observed in neoplastic diseases (Inoue et al., 
2019; Peterson et al., 2023). Despite these 
advances, important gaps persist regarding the 
integrated understanding of pathophysiological 
mechanisms, especially concerning the 
relationship between hormonal alterations and 
endometrial dysfunctions, which reinforces the 
need for further scientific investigation on the 
topic. 
 
Within this context, the relevance of investigating 
the hormonal alterations associated with 
adenomyosis and their impacts on endometrial 
functionality stands out, particularly regarding 

endometrial receptivity and the embryo 
implantation process. Studies demonstrate that the 
disease presents an estrogen-dependent profile 
associated with progesterone resistance, a 
condition that compromises the proper regulation 
of the menstrual cycle and favors uncontrolled 
cellular proliferation (Lee et al., 2015; 
Chodankar; Critchley, 2019). Simultaneously, 
alterations in the expression of hormonal 
receptors and the activation of molecular 
pathways, such as PI3K/AKT/mTOR, contribute 
to disease progression and the disorganization of 
the uterine microenvironment (Driva et al., 2022). 
These findings evidence that adenomyosis is not 
limited to a structural condition but involves a 
complex network of hormonal, cellular, and 
molecular interactions that justify in-depth 
investigation. 
 
From a global perspective, it is estimated that 
adenomyosis affects a significant portion of 
women of reproductive age, although its exact 
prevalence is underestimated due to diagnostic 
difficulties and the variability of clinical and 
histological criteria (Vercellini et al., 2024; 
Rawlings et al., 2023). International studies 
indicate that hormonal alterations, such as local 
hyperestrogenism and progesterone resistance, are 
present in most cases and are associated with 
manifestations such as infertility, pelvic pain, and 
abnormal uterine bleeding (Zhang et al., 2021; 
Singh et al., 2018). Additionally, risk factors such  
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as a history of uterine surgeries, multiparity, and 
metabolic conditions have been frequently 
described in the literature (Nougaret et al., 2021; 
Wang et al., 2023). These data reinforce the 
global impact of the disease and highlight the 
need for more effective diagnostic and therapeutic 
strategies. 
 
In Brazil, a trend similar to that described in 
international studies is observed, with a growing 
recognition of adenomyosis as a major cause of 
gynecological morbidity and infertility. Clinical 
data indicate a frequent association between the 
disease and symptoms such as severe 
dysmenorrhea, increased menstrual flow, and 
embryo implantation failures, directly reflecting 
the underlying hormonal imbalances (Valenzuela-
Islas; Frías-Mendívil; Luis-Zárate, 2017). 
Furthermore, limitations in accessing advanced 
diagnostic methods and standardizing therapeutic 
protocols contribute to underdiagnosis and 
inadequate management of the condition. This 
scenario highlights inequalities in healthcare and 
reinforces the need for national scientific 
production that contributes to a better 
understanding of the disease in the Brazilian 
context. 
 

Given this panorama, this study seeks to 
understand how hormonal alterations associated 
with adenomyosis influence the functionality of 
endometrial cells and uterine receptivity. To this 
end, the objective is to analyze the main 
hormonal, molecular, and inflammatory 
mechanisms involved in the pathophysiology of 
the disease, based on recent scientific evidence. 
Such investigation is justified by the scientific and 
clinical relevance of the topic, as the 
understanding of these processes may contribute 
to the development of more effective therapeutic 
strategies, the improvement of reproductive 
outcomes, and advancements in the personalized 
management of adenomyosis, filling existing gaps 
in the literature. 
 

Methodology 
 
This was an exploratory-descriptive bibliographic 
study with a qualitative approach, based on the  

 
 
 
analysis of scientific literature related to hormonal 
alterations in adenomyosis and their impacts on 
endometrial receptivity and the embryo 
implantation process. 
 
Data collection was carried out through a 
bibliographic survey covering the period from 
2015 to 2025, considering full-text scientific 
articles directly related to the theme. Included 
studies were systematic reviews, narrative 
reviews, experimental studies, and institutional 
guidelines published in Portuguese, English, and 
Spanish. Exclusion criteria included: duplicate 
articles, studies that did not directly address the 
proposed theme, incomplete publications, simple 
abstracts, letters to the editor, and materials 
unavailable in full text. 
 
The search was conducted in the PubMed and 
Virtual Health Library (VHL) databases, widely 
recognized in the health field for the relevance 
and reliability of their indexed publications. 
Search strategies were developed based on the 
Health Sciences Descriptors (DeCS), using terms 
in Portuguese and English. 
 
The methodological process followed 
systematized steps: initially, descriptors and 
search strategies were defined; next, studies were 
identified in the selected databases. Subsequently, 
the articles were organized into a table according 
to the database and established criteria. Duplicate 
studies were excluded, followed by screening 
through title and abstract reading. Potentially 
relevant articles were read in full, and those that 
fully met the inclusion criteria were selected. 
 
In the initial search stage, 245 scientific articles 
were identified in the selected databases. Of these, 
45 articles were found in PubMed, while 200 
were identified in the VHL. After applying 
eligibility criteria and analyzing titles and 
abstracts, 162 studies were excluded due to 
duplication, lack of direct relation to the theme, 
unavailability of the full text, or inadequacy to the 
established methodological criteria. 
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During the screening stage for articles from 
PubMed, 24 studies were excluded (15 for not 
directly addressing the theme and 9 for 
methodological inadequacy or incompatibility 
with the study objectives). Thus, 21 articles 
remained for the final analysis from this database. 
 
Regarding the VHL, 138 articles were excluded 
during the selection process (125 for lack of 
specific relation to the theme and 13 for not 
meeting the previously defined inclusion criteria). 
At the end of the screening, 62 articles remained 
eligible for the study. 
 
Therefore, the final sample of this research 
consisted of 83 scientific articles, used in the 
construction of the theoretical foundation, 
analysis of results, and discussion of the present 
work. 
 
For data analysis, five thematic axes were 
established based on the specific objectives of the 
study: (1) main hormonal alterations in 
adenomyosis; (2) influence of progesterone 
resistance on endometrial receptivity; (3) impact 
of hormonal imbalance on the inflammatory and 
vascularization processes of the endometrium; (4) 
effects of hormonal alterations on endometrial 
cell functionality during embryo implantation; 
and (5) therapeutic strategies aimed at improving 
endometrial receptivity. These axes guided the 
critical analysis of the selected articles, allowing 
the organization and interpretation of the data 
presented in the results section. 
 

Results and Discussion 
 
Main hormonal alterations observed in women 
with adenomyosis 
 
Adenomyosis is a gynecological condition 
characterized by the infiltration of endometrial 
glands and stroma into the muscular layer of the 
uterus (the myometrium), resulting in significant 
structural and functional alterations. This 
pathological process is directly associated with 
hormonal imbalances, mainly involving female 
sex steroids like estrogen and progesterone.  

 
 
 
Studies indicate that the disease has a clearly 
estrogen-dependent profile, with the excess of this 
hormone being one of the main drivers for its 
development and progression (Liu et al., 2018; 
Zhang et al., 2022). Furthermore, adenomyosis 
frequently coexists with other gynecological 
conditions related to hyperestrogenism, 
reinforcing its hormonal nature. 
 
One of the primary mechanisms involved in the 
pathophysiology of adenomyosis is progesterone 
resistance, characterized by a reduced response of 
the endometrial tissue to this hormone. This 
condition is linked to a decrease in the expression 
of progesterone receptors, especially the PRA and 
PRB isoforms, compromising the proper 
regulation of the menstrual cycle (Lee et al., 
2015; Chodankar & Critchley, 2019). 
Consequently, there is a loss of the 
antiproliferative effect of progesterone, allowing 
estrogen to exert a predominant action on the 
uterine tissue. This imbalance contributes to 
uncontrolled cell proliferation and the 
maintenance of an environment favorable to the 
disease's development. 
 
Simultaneously, a significant increase in estrogen 
levels is observed, both systemically and locally, 
with the latter intensified by the increased activity 
of the aromatase enzyme. This enzyme converts 
androgens into estrogens, raising the local 
concentration of estradiol in the uterus (Zhang et 
al., 2024; Horton et al., 2019). β-estradiol, one of 
the most active forms of estrogen, plays a major 
role in inducing angiogenesis and cell 
proliferation, promoting the invasion of 
endometrial tissue into the myometrium (Liu et 
al., 2022). Moreover, its action on specific 
molecular pathways, such as the let-7a/Lin28B 
axis, promotes the growth of uterine smooth 
muscle cells (Zhang et al., 2021). 
 
Another relevant aspect is the alteration in the 
expression of hormone receptors, including the 
reduction of estrogen receptor α (ERα) and 
progesterone receptor (PR), associated with 
increased expression of estrogen receptor β 
(ERβ). This differential modulation contributes to 
the predominance of estrogenic effects in the  
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uterine tissue (Singh et al., 2018). Furthermore, 
there is an overexpression of anti-apoptotic 
proteins, such as Bcl-2, which prolong cell 
survival in adenomyosis foci, reinforcing the 
proliferative character of the disease (Musa et al., 
2012). These factors indicate a profound 
reorganization of the hormonal and cellular 
microenvironment. 
 
Adenomyosis is also associated with 
inflammatory and immunological alterations, with 
an imbalance in cytokine production and an 
increased inflammatory response in both eutopic 
and ectopic endometrium (Park et al., 2016; 
Viganò et al., 2018). The dysregulated expression 
of mediators such as IL-33 and alterations in 
genes related to endometrial receptivity, such as 
HOXA10 and LIF, compromise reproductive 
function and embryo implantation (Zhang et al., 
2021; Liu et al., 2023). This inflammatory 
scenario, combined with the altered hormonal 
environment, favors the progression of the disease 
and its clinical manifestations. 
 
Clinical and reproductive factors also influence 
the development of adenomyosis, including a 
history of uterine surgeries, previous pregnancies, 
and metabolic conditions like obesity and 
hypertension (Nougaret et al., 2021; Wang et al., 
2023). In addition, prolonged use of estrogen-only 
hormonal therapies may contribute to the onset of 
the disease (Szegedi et al., 2016). Changes in the 
menstrual cycle, such as irregularity, heavy 
bleeding, and dysmenorrhea, directly reflect the 
underlying hormonal imbalances (Valenzuela-
Islas, Frías-Mendívil & Luis-Zárate, 2017). 
 
From a therapeutic standpoint, approaches mainly 
target hormonal regulation, focusing on reducing 
estrogen levels and restoring progesterone action. 
The use of levonorgestrel-releasing intrauterine 
systems (LNG-IUS) has shown efficacy by 
promoting high local concentrations of progestin 
in the endometrium (Kim & Seong, 2013). 
Additionally, GnRH agonists act by suppressing 
the production of FSH and LH, consequently 
reducing estrogen synthesis (Zhou et al., 2016). 
These strategies highlight the importance of 
hormonal control in managing adenomyosis,  

 
 
 
reinforcing the central role of sex steroids in the 
pathophysiology of the disease. 
 
Progesterone resistance influences endometrial 
receptivity in patients with adenomyosis 
 
Progesterone resistance is considered one of the 
main pathophysiological hallmarks of 
adenomyosis, directly influencing endometrial 
receptivity and embryo implantation capacity. 
This condition results from a significant reduction 
in the response of the endometrial tissue to 
progesterone, impairing essential processes for 
reproductive function (Viganò et al., 2018; Zhang 
et al., 2021). Furthermore, the endometrium's 
inability to respond adequately to this hormone 
leads to structural and functional alterations, 
including impaired decidualization and increased 
chronic inflammatory processes (Vercellini et al., 
2024; Rawlings et al., 2023). Thus, progesterone 
resistance constitutes a central element in 
adenomyosis-associated infertility. 
 
Several molecular mechanisms are involved in the 
genesis of this hormonal resistance, notably 
genetic alterations such as KRAS gene mutations, 
which interfere with progesterone-mediated 
cellular communication, hindering its action in the 
endometrial tissue (Suda et al., 2025; Inoue et al., 
2019). Additionally, the reduced expression of the 
PTEN gene promotes abnormal activation of the 
PI3K/AKT/mTOR pathway, contributing to the 
development of progesterone resistance (Driva et 
al., 2022). These molecular events reflect a 
dysregulated cellular environment in which 
hormonal signaling is deeply compromised. 
 
Another relevant factor is the altered expression 
of hormone receptors, especially the progesterone 
receptor isoforms, such as PR-B. A decrease in 
this isoform is directly associated with increased 
progesterone resistance, impairing the cellular 
response to the hormone (Chodankar & Critchley, 
2019). Furthermore, the hypermethylation of the 
progesterone receptor β also contributes to 
reduced hormonal sensitivity, worsening the 
clinical picture (Zhang et al., 2024). The low 
expression of these receptors in the endometrial 
epithelium compromises intracellular signaling  
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and negatively interferes with decidualization 
(Monsivais et al., 2019). 
 
Progesterone resistance also directly impacts the 
regulation of enzymes vital for hormonal 
metabolism, such as 17β-hydroxysteroid 
dehydrogenase. The inhibition of this enzyme 
leads to increased ERβ expression and reduced 
ERα, promoting a relative hyperestrogenic 
environment and uncontrolled cell growth (Singh 
et al., 2018; Habiba et al., 2018). This hormonal 
imbalance contributes to endometrial hyperplasia 
and a loss of tissue functionality, further 
compromising endometrial receptivity and 
embryo implantation. 
 
Alongside hormonal alterations, inflammatory 
processes play an important role in progesterone 
resistance. The activation of the NF-κB pathway 
reduces PR-B receptor expression, intensifying 
hormonal resistance (Park et al., 2016). 
Concurrently, increased cell proliferation, 
apoptosis, and inflammation are observed in the 
ectopic endometrium, evidencing an altered 
microenvironment (Lee et al., 2015). These 
factors, combined with the hormonal imbalance, 
contribute to impaired endometrial function and 
disease persistence. 
 
Clinically, progesterone resistance is associated 
with manifestations such as abnormal uterine 
bleeding resulting from the hormonal imbalance 
and the endometrium's inability to respond 
appropriately to the menstrual cycle (Whitaker et 
al., 2017; Valenzuela-Islas, Frías-Mendívil & 
Luis-Zárate, 2017). Furthermore, the limited 
efficacy of progesterone-based treatments can be 
explained by the reduction of hormone receptors 
in adenomyotic lesions, which hinders therapeutic 
action (Tsui et al., 2014). Even interventions such 
as the use of levonorgestrel present variable 
effects, although they can reduce endometrial 
glandular activity (Kim & Seong, 2013). 
 
Progesterone resistance directly impairs 
fundamental processes such as decidualization 
and endometrial receptivity, both essential for 
embryo implantation. Progesterone-regulated 
genes, including those of the homeobox family,  

 
 
 
show reduced expression in adenomyosis, 
affecting the preparation of the endometrium for 
pregnancy (Zhou et al., 2016; Vannuccini et al., 
2018). Moreover, the failure to activate factors 
like FOXO1 impairs the control of cell growth 
and endometrial tissue organization (Peng et al., 
2022). Consequently, progesterone resistance acts 
as a major determinant of the reproductive 
alterations observed in adenomyosis. 
 
Hormonal imbalance associated with 
adenomyosis impacts the processes of 
vascularization and inflammation of the 
endometrium 
 
The hormonal imbalance associated with 
adenomyosis exerts a direct impact on the 
vascularization and inflammation processes of the 
endometrium, with estrogen acting as a primary 
mediator of these alterations. This hormone drives 
the progression of chronic inflammation and 
stimulates the formation of new blood vessels 
through the activation of pathways such as the 
Slug-VEGF axis, promoting endometrial tissue 
growth (Vercellini et al., 2024; Zipponi; 
Cacciottola; Dolmans, 2024). In response to this 
scenario, pharmacological treatments aim to 
restore the balance between estrogen and 
progesterone to reduce chronic inflammation in 
the endometrial tissue (Suda et al., 2025). Thus, 
hormonal regulation becomes essential for 
controlling disease progression. 
 
Adenomyosis exhibits characteristics resembling 
neoplastic processes, such as accelerated growth, 
angiogenesis, and tissue invasion capability. 
Studies show that genetic mutations can favor the 
development and progression of the disease, 
relating to cellular communication and growth 
processes (Chen et al., 2024; Inoue et al., 2019; 
Liu et al., 2018). Endometrial cells show a higher 
capacity for survival, migration, and adaptation, 
including through epithelial-mesenchymal 
transition, which contributes to their invasion into 
adjacent tissues (Peterson et al., 2023; Liu et al., 
2020). These alterations indicate a highly 
dynamic and complex biological behavior. 
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Increased vascularization is one of the main 
findings in adenomyosis, observed both in 
histological analyses and imaging tests like color 
Doppler, which shows vessels crossing the lesion 
and dispersed in the myometrium (Sharma et al., 
2020). Angiogenic factors such as VEGF and 
HIF-1α are significantly elevated in the ectopic 
endometrium, contributing to the formation of 
new blood vessels and disease progression (Driva 
et al., 2022). Additionally, proteins like Talin1 
potentiate the effects of β-estradiol, intensifying 
angiogenesis and cell growth (Liu et al., 2022). 
These changes reflect a significant vascular 
reorganization in the uterus. 
 
Chronic inflammation is another central 
component of adenomyosis, mediated by various 
molecular pathways, including the activation of 
the cGAS-STING and NF-κB pathways. Pro-
inflammatory cytokines like IL-1β and TNF-α 
stimulate the production of COX-2, VEGF, and 
tissue factor, intensifying the inflammatory 
response and contributing to angiogenesis (Park et 
al., 2016; Zhang et al., 2024). There is also an 
increase in cytokines such as IFN-γ, IFN-α, and 
IL-1β, indicating an exacerbated inflammatory 
environment (Prašnikar et al., 2022). This 
continuous inflammatory state impairs 
endometrial function and favors disease 
progression. 
 
The inflammatory process in adenomyosis shares 
similarities with the menstrual process, involving 
increased vascular permeability, tissue 
degradation, and the presence of defense cells 
(Critchley et al., 2020). However, in 
adenomyosis, this process occurs in an 
unregulated manner, leading to persistent 
endometrial changes. The presence of mediators 
like annexin A2 and aquaporins contributes to 
processes such as vessel formation, inflammation, 
and cell invasion (Zhang et al., 2013; Li et al., 
2018). Furthermore, increased levels of enzymes 
like MMP-2 and MMP-9 promote extracellular 
matrix degradation, facilitating cellular invasion 
(Yi et al., 2015). 
 
Functionally, the altered inflammatory and 
vascular environment compromises endometrial 

 
 
 
receptivity and embryo implantation. Cytokine 
dysregulation and impaired spiral artery 
remodeling hinder the blood flow necessary to 
sustain early pregnancy (Monsivais et al., 2019). 
Additionally, elevated oxidative stress, evidenced 
by alterations in enzymes like NOS, XO, SOD, 
and catalase, contributes to a hostile uterine 
environment (Zhang et al., 2023). The presence of 
macrophages and inflammatory mediators 
reinforces this adverse scenario (Zhou et al., 
2016). 
 
The hormonal imbalance, associated with 
inflammation and angiogenesis, results in a 
disorganized and hostile uterine environment. The 
continuous activation of inflammatory pathways, 
such as NF-κB, and the estrogenic stimulus 
contribute to excessive cell proliferation and the 
failure of tissue repair mechanisms (Horton et al., 
2019; Juárez-Barber et al., 2022). This set of 
alterations favors the persistence of the disease 
and its clinical complications. Thus, adenomyosis 
stands out as a complex condition where 
hormonal, inflammatory, and vascular factors 
interact in an integrated way, dictating its 
evolution and reproductive impact. 
 
Hormonal alterations affect the functionality of 
endometrial cells during the embryo 
implantation process 
 

Hormonal alterations in adenomyosis profoundly 
affect the functionality of endometrial cells, 
especially during the embryo implantation 
process. It is observed that endometrial cells can 
attach to inappropriate sites, outside the 
physiological location, favoring disease 
progression (Vercellini et al., 2024). Epithelial-
mesenchymal transformation contributes to this 
process, allowing greater cell mobility and tissue 
invasion capacity (Zipponi; Cacciottola; Dolmans, 
2024). These alterations share similarities with 
neoplastic processes, indicating that tissues 
affected by adenomyosis exhibit biological 
behavior similar to that seen in cancer (Inoue et 
al., 2019). Furthermore, genes related to hormonal 
imbalance are directly involved in the disease's 
development (Liu et al., 2018). 
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In some cases, the progression of these alterations 
can evolve into malignant processes, with 
glandular tissue transformation and the 
development of endometrial cancer (Ohira et al., 
2023; Wang et al., 2023). The YTHDF2 protein is 
associated with the emergence of endometrial 
adenocarcinoma, reinforcing the link between 
cellular alterations and malignancy (Zhang et al., 
2021). Estrogen plays a central role by activating 
the PI3K/AKT/mTOR pathway, enhancing the 
migration and invasion capacity of endometrial 
cells (Driva et al., 2022). Cellular structural 
changes, such as nuclear disorganization and 
cytoplasmic accumulation, show compromised 
endometrial receptivity (Singh et al., 2018). 
 
β-estradiol intensifies the proliferation of 
endometrial cells in both eutopic and ectopic 
tissues, promoting accelerated cell growth (Liu et 
al., 2022; Zhang et al., 2021). The endometrium, 
by its dynamic nature, undergoes modifications 
throughout the menstrual cycle under hormonal 
control, which are essential for gestational 
preparation (Camboni & Marbaix, 2021). 
Alterations in microRNAs, such as the reduction 
of miR-124-3p, increase the expression of 
Neuropilin 1, favoring cell migration and 
epithelial-stromal transition (Liu et al., 2020). 
Moreover, the thickness of the uterine junctional 
zone varies according to hormone levels, directly 
influencing receptivity (Nougaret et al., 2021). 
 
Decidualization, a fundamental process for 
embryo implantation, relies on adequate hormonal 
signaling and involves cell growth, immune cell 
recruitment, and tissue transformation (Critchley 
et al., 2020). However, in adenomyosis, this 
preparation occurs in a disordered manner, 
impairing endometrial receptivity (Munro, 2019). 
Ovarian hormones influence the contractions of 
the junctional zone, which may interfere with 
endometrial changes throughout the menstrual 
cycle and compromise implantation (Tanos et al., 
2020). Alterations in proteins like aquaporins also 
contribute to abnormal cellular behavior (Li et al., 
2018). 
 
Increased cell proliferation and reduced apoptosis 
are evidenced by markers such as Ki-67,  

 
 
 
indicating exacerbated cell growth in the eutopic 
endometrium (Chodankar & Critchley, 2019). 
Hormonal alterations compromise cell function 
and reduce embryonic receptivity capacity (Silva 
et al., 2021). Additionally, progesterone resistance 
affects the production of the 17β-hydroxysteroid 
dehydrogenase enzyme, leading to the 
accumulation of active estradiol and failure in 
tissue differentiation (Habiba et al., 2018). Gene 
regulation mediated by estrogen and progesterone 
depends on coregulators that modulate the 
expression of specific genes (Lee et al., 2015). 
 
Several molecular and genetic factors directly 
influence embryo implantation. The reduced 
expression of genes such as HOXA10, HOXA11, 
LIF, and integrin β3 compromises the interaction 
between the embryo and the endometrium (Zhou 
et al., 2016). Alterations in lncRNAs, like 
ENST00000433673, affect processes of 
proliferation, apoptosis, and cell adhesion (Liu et 
al., 2018). Immunological factors such as LIF, 
HLA-G, and KIR2DL4 play an essential role in 
modulating the immune response and forming the 
blood vessels required for embryonic 
development (Zhang et al., 2020). The failure of 
epithelium-stroma communication also 
compromises implantation (Rawlings et al., 
2023). 
 
The uterine environment in adenomyosis becomes 
unfavorable due to immunological, inflammatory, 
and hormonal changes. The elevation of immune 
cells, such as uNK and macrophages, can 
negatively interfere with embryo implantation 
(Prašnikar et al., 2022). Furthermore, a reduction 
in proteins like SCRIB, FOXO1, and NR4A 
impairs endometrial preparation, making the 
proper formation of the implantation site difficult 
(Peng et al., 2022). The decrease in adhesion 
molecules and the increase in estradiol impair 
embryo attachment and invasion (Horton et al., 
2019). Thus, adenomyosis negatively interferes 
with implantation and embryonic development, 
potentially causing damage to embryonic DNA 
(Juárez-Barber et al., 2022). 
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Scientific evidence points to strategies capable 
of improving endometrial receptivity in 
patients with adenomyosis 
 
Scientific evidence indicates that strategies to 
improve endometrial receptivity in patients with 
adenomyosis involve both diagnostic 
advancements and targeted therapeutic 
interventions. Targeted next-generation 
sequencing can assist in identifying somatic 
alterations associated with the disease, allowing a 
better understanding of the involved mechanisms 
(Inoue et al., 2019). Techniques like endometrial 
biopsy combined with the analysis of the RPLP1 
protein are considered less invasive and useful for 
diagnosis (Peterson et al., 2023). Furthermore, 
ultrasound and hysteroscopy show high reliability 
in gynecological evaluation and in identifying the 
causes of infertility (Alqahtani et al., 2023; 
Valenzuela-Islas, Frías-Mendívil & Luis-Zárate, 
2017; Oliveira et al., 2015). 
 
Hormonally, the modulation of estrogen and 
progesterone levels is vital to improving 
endometrial receptivity. Lowering estrogen and 
raising progesterone near the implantation 
window favors embryo attachment, with 
injectable progesterone being an effective strategy 
in this context (Pirtea et al., 2023). In cases of 
unexplained infertility, hormonal therapy is 
frequently indicated to improve endometrial 
thickness and receptivity (Singh et al., 2018). The 
use of selective progesterone receptor modulators, 
like UPA, promotes adjustments in hormone 
levels and reduces cell growth, although its 
effects are reversible (Whitaker et al., 2017). 
 
Therapeutic strategies targeting specific 
molecular pathways have also been investigated. 
Inhibiting the PI3K/AKT/mTOR pathway, for 
instance, can be achieved with the use of 
metformin, reducing endometrial cell growth 
through AMPK activation (Driva et al., 2022). 
Other approaches include regulating proteins like 
Talin1 and Neuropilin 1, as well as intervening in 
the let-7a/Lin28B axis, which holds therapeutic 
potential in adenomyosis (Liu et al., 2022; Liu et 
al., 2020; Zhang et al., 2021). Moreover, targets 
like TIPE2 and the cGAS-STING pathway  

 
 
 
emerge as promising possibilities for disease 
treatment (Liu et al., 2020; Liu et al., 2022). 
 
Surgically, intervention is considered the gold 
standard in many cases, especially when severe 
symptoms are present. Hysterectomy is often used 
for chronic conditions, while adenomyomectomy 
can be an alternative for patients who wish to 
preserve fertility (Camboni & Marbaix, 2021; 
Nougaret et al., 2021; Kishi et al., 2018). 
Surgery's efficacy is confirmed by histological 
analysis of uterine tissue (Morales-Vicente et al., 
2021). Surgical procedures can also restore 
uterine anatomy and reduce inflammation, 
promoting a more suitable pelvic environment 
(Horng et al., 2014). 
 
Other therapeutic approaches include the use of 
hormonal devices and medications. Etonogestrel 
implants and the levonorgestrel-releasing 
intrauterine system (LNG-IUS) demonstrate 
efficacy in reducing endometrial growth, pain, 
and menstrual flow (Zhang et al., 2019; Kim & 
Seong, 2013; Wang et al., 2025). The use of 
GnRH agonists also stands out, promoting the 
thinning of the junctional zone, reducing 
inflammation, and improving outcomes in 
assisted reproduction (Tanos et al., 2020; Munro, 
2019). Therapies with mifepristone (MFP) and 
selective progesterone receptor modulators 
(SPRM) also help decrease vascularization and 
endometrial activity (Wagenfeld et al., 2014; Tsui 
et al., 2014). 
 
Modulating specific cellular and molecular factors 
represents another promising line of treatment. 
Inhibiting genes like FMNL2 and PAK4 reduces 
cell migration and invasion, while interventions 
targeting proteins like annexin A2 can directly 
impact disease development (Li et al., 2019; Yi et 
al., 2015; Zhang et al., 2013). Additionally, the 
regulation of aquaporins and the use of CXCL12 
for stem cell recruitment are strategies currently 
under investigation (Li et al., 2018; Critchley et 
al., 2020). Personalizing treatment based on the 
symptoms and individual characteristics of the 
patient is essential for better outcomes 
(Chodankar & Critchley, 2019; Silva et al., 2021). 
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Approaches aimed at improving endometrial 
receptivity encompass immunological and genetic 
interventions. Modulating cytokines such as TNF-
α, IL-33, and IL-11 can improve endometrial 
function and implantation rates (Chen et al., 2022; 
Zhang et al., 2021; Liu et al., 2023). The use of 
biomarkers like circRNAs and miRNAs allows 
for non-invasive diagnostics and the prediction of 
reproductive outcomes (Hu et al., 2019; Juárez-
Barber et al., 2022). Furthermore, therapies 
directed at genes like FOXO1, TCF21, and 
PDE4C, as well as TGFβ pathway inhibition, 
show potential in correcting abnormal 
decidualization (Peng et al., 2022; Wang et al., 
2023; Monsivais et al., 2019). These strategies 
evidence a significant leap forward in the search 
for effective and personalized treatments for 
adenomyosis. 
 
Conclusion 
 
The analyzed results evidenced that adenomyosis 
is directly related to major hormonal alterations, 
mainly hyperestrogenism and progesterone 
resistance, factors that compromise endometrial 
functionality and favor disease progression. It was 
observed that these alterations stimulate chronic 
inflammatory processes, angiogenesis, and cell 
proliferation, in addition to promoting molecular 
imbalances that impair endometrial receptivity 
and embryo implantation. It was also identified 
that hormonal dysregulation interferes with gene 
expression and cellular communication, 
contributing to a uterine environment unfavorable 
to female fertility. 
 
Furthermore, the studies demonstrated that 
therapeutic strategies focused on hormonal 
control, inflammation modulation, and improving 
endometrial receptivity show promising results in 
the management of adenomyosis. The use of 
progesterone, GnRH agonists, levonorgestrel-
releasing devices, and therapies targeting specific 
molecular pathways has shown potential to reduce 
the disease's impacts on the endometrium and 
improve reproductive outcomes. Thus, it is 
concluded that an integrated understanding of the 
hormonal, inflammatory, and cellular mechanisms  

 
 
 
of adenomyosis is vital for the development of 
more effective and individualized diagnostic and 
therapeutic approaches. 
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