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Endometriosis, traditionally associated with cisgender women, should
be recognized as a significant issue for transgender men. This perspective
highlights the need to address the unique experiences and challenges faced
by transgender men with endometriosis. Diagnostic difficulties arise due to
hormone therapy and surgical interventions, which can alter symptoms. Limited
research in transgender men undergoing hysterectomy further complicates the
understanding of endometriosis in this population. Healthcare providers must
be aware of these challenges and adapt the diagnostic approaches accordingly.
Education and inclusive care are essential to ensure timely and appropriate
management of endometriosis in transgender men, ultimately improving their
quality of life.

transgender, endometriosis, healthcare, diagnosis, hormones

Introduction

Endometriosis is a complex and debilitating condition that has long been associated with
cisgender women (1). However, as we strive for inclusivity in healthcare, it is crucial to shed light
on the experiences of transgender men, who also face the challenges of endometriosis. Few
studies have provided the prevalence of endometriosis among transgender men. However, the
pooled prevalence of endometriosis could be estimated at 25.14, 95% CI (17.24%-33.94%) and
the frequency of patients using testosterone without other medications and presenting
dysmenorrhea was 70.58, 95% CI (63.87%-80.91%) (2-4). Furthermore, stage 1 (40%) and 2
(32%) endometriosis were the most reported findings (2). Among transgender men who
underwent hysterectomy, 89.5% were on testosterone, 59.7% were amenorrheic, 43.2% had
dysmenorrhea, 17.9% reported heavy menses, and 14.9% had irregular menses, 50.7%
complained of pelvic pain (35.3% constant, 64.7% cyclic) (4). Moreover, endometriosis was
found in 32% of patients who reported pelvic pain at the preoperative consultation and in 22%
of patients who did not complain of pain (4, 5). This perspective aims to raise awareness about
endometriosis in transgender men, emphasizing the need for research, education, and
comprehensive care tailored to their unique circumstances (Figure 1).
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FIGURE 1
Raise awareness about endometriosis in transgender men.

Physiopathology of endometriosis
among transgender men

Only a limited number of studies have investigated pelvic organ
pathology among transgender men who undergo hysterectomy, and
the existing reports present conflicting results. For instance,
Grimstad et al. (6) examined uterine pathology in transgender men
undergoing hysterectomy as part of their gender affirmation process
while on testosterone. Interestingly, most of the pathology reports
from these individuals displayed active endometrial tissue. In
contrast, Khalifa et al. (7) studied a similar group of patients and
found that most specimens they assessed exhibited endometrial
changes consistent with inactive endometrium. These mixed
findings make it difficult to definitively determine the impact of
testosterone on the endometrium. However, the presence of active
endometrium in some patients suggests that complete cessation of
ovarian function and/or endometrial activity might not occur for
all individuals on testosterone.

These contrasting results could potentially be linked to the
conversion of exogenous testosterone to estradiol in peripheral tissues,
a process known as aromatization (1). While there are no studies
specifically investigating trends in estradiol levels among transgender
individuals on long-term testosterone therapy, it is plausible that
elevated androgen levels could be transformed into estrogen in this
clinical context, potentially resulting in a state of heightened estrogenic
activity (1). As endometriosis is regarded as an estrogen-driven
condition, this could contribute to its development. Although this
hypothesis does not elucidate the precise mechanism underlying the
increased occurrence of endometriosis in transgender individuals
compared to their cisgender counterparts, it does explain their

Frontiers in Medicine

potential symptomatic presentation of the condition, even in cases
where menstruation has ceased (1). To date, the risk of endometrial
disease in transgender men using testosterone is unclear, and expert
opinion recommendations for routine endometrial surveillance
(ultrasound or biopsy) or primary surgical prevention (hysterectomy)
of endometrial pathology are not evidence based (5, 8). The effect of
gender-affirming hormone therapy with testosterone therapy on the
endometrium is incompletely characterized, and the etiology of this
distribution of endometrial findings is unknown (5). Moreover, the
proliferative endometrium in transgender men could be explained by
the persistent elevated serum estrogen observed in patients who retain
their ovaries while using testosterone (9).

Breaking the binary barrier

Transgender men assigned female at birth but identifying as male
often find themselves navigating a healthcare system that fails to
adequately address their specific needs (10). Endometriosis, primarily
viewed as a “women’s issue’, is a prime example of this oversight (3).
By recognizing and studying endometriosis in transgender men,
we can dismantle the binary understanding of this condition and pave
the way for more inclusive healthcare practices.

Challenges in diagnosis

Diagnosing endometriosis in transgender men presents unique
challenges. Given their hormone therapy (testosterone) and potential
surgical interventions such as hysterectomy and oophorectomy, the
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symptoms and manifestations of endometriosis may differ from those
experienced by cisgender women (11). Healthcare providers must
be vigilant in considering endometriosis as a potential cause of pelvic
pain, even in transgender men, and adapt the diagnostic approaches
accordingly (4).

Endometriosis is often perceived as a condition exclusive to
cisgender women (1). This limited understanding can result in
healthcare providers overlooking endometriosis as a potential
diagnosis in transgender men. It is essential to raise awareness and to
educate healthcare professionals about the possibility of endometriosis
in this population.

Testosterone therapy, which is commonly used during gender
transition, can influence the symptoms and presentation of
endometriosis in transgender men (12). The hormonal changes
brought about by testosterone can mask or alter typical symptoms,
such as changes in menstrual patterns or pelvic pain (13). Healthcare
providers must be knowledgeable about these potential variations to
ensure accurate diagnosis.

There is a scarcity of studies examining pelvic organ
pathology in transgender men undergoing hysterectomy, and the
existing reports are limited and present controversial findings
(14). A previous study examined the characteristics of uterine
pathology in 94 transgender men receiving testosterone treatment
who underwent hysterectomy as part of their gender affirmation
process (6). Interestingly, most of the pathology reports indicated
the presence of an active endometrium in these patients. In
contrast, other studies have investigated similar groups of
patients and reported that most of the evaluated specimens
showed endometrial changes consistent with an inactive
endometrium (7, 15). These mixed findings make it challenging
to definitively determine the effects of testosterone on the
endometrium. However, considering the report of an active
endometrium in some patients, it can be inferred that certain
individuals do not experience complete cessation of ovarian
function and/or endometrial activity while on testosterone
therapy. This implies that transgender men predisposed to
endometriosis may still have active disease, even when
undergoing testosterone treatment.

Due to the lack of awareness and altered symptoms, there can
be delays in diagnosing endometriosis in transgender men. Patients
may experience dismissive attitudes or have their symptoms
attributed to other causes, leading to a prolonged period of suffering
and reduced quality of life. Overcoming diagnostic delays requires
a proactive and open-minded approach from healthcare
providers (16).

There is a dearth of research specifically focused on
endometriosis in transgender men. The absence of comprehensive
guidelines and evidence-based practices tailored to this population
further hinders accurate diagnosis. More research is needed to
understand the prevalence, pathophysiology, and optimal
diagnostic approaches for endometriosis in transgender men.
Traditional diagnostic modalities, such as imaging like ultrasound
or magnetic resonance imaging (MRI), may not provide definitive
results to diagnose endometriosis in transgender men (17). These
imaging techniques may not effectively capture the presence of
endometrial lesions in neovaginas or residual endometrial tissue
in transgender men who have undergone hysterectomy (17).

Frontiers in Medicine

10.3389/fmed.2023.1266131

Consequently, a more nuanced approach could be use, such as
laparoscopy or specialized imaging techniques [MRI using artificial
intelligence (18)] for accurate diagnosis. AI models using
biomarkers could be accurate with investigations focused on
protein ratios (19), metabolites (20) and miRNAs (21). Moreover,
other predictive models could use protein spectra (22) in
association with neural networks algorithms (23), and large
protein-coding gene datasets from transcriptomics and
methylomics data coupled with machine learning models (24, 25).
Healthcare providers must approach the diagnostic process with
sensitivity and open communication. Creating a safe and inclusive
environment enables transgender men to discuss their symptoms
openly, allowing for a more accurate assessment (26). Healthcare
providers should proactively inquire about the gender transition
history, hormonal therapies, and any complications related to
gender-affirming surgeries that may contribute to endometriosis-

like symptoms.

Educating healthcare providers

Healthcare providers must receive adequate training and
education on transgender healthcare and endometriosis management.
Many medical professionals may lack knowledge in both areas,
resulting in misdiagnoses, delayed interventions, or the dismissal of
symptoms (27). By bridging this educational gap, we can ensure that
transgender men receive competent and compassionate care from
healthcare providers who understand the nuanced intersection of
their gender identity and endometriosis.

Tailored management strategies

Effective management of endometriosis in transgender men
requires tailored approaches (1). Hormone therapy, the cornerstone
of gender transition, may have an impact on the growth and symptoms
of endometriosis (28). Healthcare providers should be knowledgeable
about the potential interactions between testosterone therapy and
endometriosis, ensuring that treatment plans strike a balance between
gender-affirming care and mitigating endometriosis-related
symptoms. The prevalence of endometriosis in transgender men is
higher than the female cisgender population (2). Thus, surgeons
should perform a careful intraoperative assessment of endometriotic
foci within transgender men. But, to date, very few data are available
and future prospective studies are needed.

Furthermore, a comprehensive biopsychosocial approach that
encompasses various factors contributing to everyone’s situation is
essential. This approach may involve medical treatments, addressing
sexual function, dealing with pain hypersensitivity, and considering
psychological aspects like post-traumatic stress disorder (29).

A significant number of transgender individuals seek
hysterectomy and/or oophorectomy as part of their gender affirmation
process or due to persistent pelvic pain or abnormal bleeding. Among
those who underwent hysterectomy, 72% reported experiencing relief
from pelvic pain symptoms following the procedure (13). This surgery
effectively stops ongoing menstruation, which is particularly prevalent

in those experiencing pain after beginning testosterone therapy.
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Although further research is required to explore the potential link
between elevated pelvic floor muscle tension and pelvic pain in
transgender individuals undergoing testosterone therapy for gender
affirmation, a recent systematic review of pelvic floor physical therapy
aimed at releasing myofascial trigger points demonstrated positive
and beneficial outcomes, especially for individuals dealing with
chronic pelvic pain and dyspareunia (30). Considering the limited
available options to alleviate often incapacitating pelvic pain in
transgender individuals undergoing testosterone therapy, pelvic floor
physical therapy emerges as a viable and low-risk treatment strategy
(29). A program focused on reducing pelvic floor muscle tension,
emphasizing improved muscle function quality and the relaxation
phase of contractions, holds promise in this clinical setting.

Support and empowerment

Support networks and advocacy groups play a crucial role in
empowering transgender men with endometriosis. By fostering a
sense of community, raising awareness, and providing access to
resources, these organizations can offer the much-needed support that
helps transgender men navigate the challenges of endometriosis.
Moreover, incorporating the voices of transgender men in
policymaking and healthcare guidelines will ensure that their unique
experiences and needs are considered (31).

Conclusion

Endometriosis does not discriminate based on gender identity,
and it is high time we recognized the existence and impact of this
condition on transgender men. By promoting research, education, and
comprehensive care, we can break down the barriers that hinder
effective diagnosis and management of endometriosis in this
marginalized population. It is our responsibility as healthcare
providers, researchers, and advocates to address this gap in
understanding and to provide equitable healthcare for all individuals,
irrespective of their gender identity.
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Application of the #Enzian
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agreement
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Germany, 2Department of Radiology, School of Medicine, Gérukle Campus, Bursa Uludag University,
Bursa, Turkiye, *Department of Gynecology and Obstetrics, Justus Liebig University Giessen, Giessen,
Germany, “Endometriosis Clinic Dres. Keckstein, Villach, Austria, °“Department of Obstetrics and
Gynecology, Medical University Ulm, Ulm, Germany, °SEF, Westerstede, Germany

Objectives: The purpose of this investigation was to evaluate the inter- and
intraobserver variability of the updated #Enzian classification of endometriosis
on MRI and to evaluate the influence of reader experience on interobserver
concordance.

Methods: This was a prospective single-center study. All patients were included
who received an MRI of the pelvis for evaluation of endometriosis between March
and July 2023 and who have provided written informed consent. Images were
reviewed independently for endometriosis by three radiologists, utilizing the
MRI-applicable categories of the #Enzian classification. Two radiologists had
experience in pelvic MRl and endometriosis imaging. One radiologist had no
specific experience in pelvic MRl and received a one-hour briefing beforehand.

Results: Fifty consecutive patients (mean age, 349years +8.6 [standard
deviation]) were prospectively evaluated. Interobserver agreement was excellent
for diagnosis of deep infiltrating endometriosis (Fleiss’ kappa: 0.89; 95% ClI
0.73-1.00; p<0.001) and endometriomas (Fleiss' kappa: 0.93; 95% CI 0.77-
1.00; p<0.001). For the experienced readers, interobserver agreement in the
assessment of compartments A, B and C was excellent (k,, ranging from 0.84;
95% C10.71-0.97; p<0.001 to 0.89; 95% Cl 0.82-0.97; p<0.001). For the pairings
of the experienced readers to the reader without specific experience in pelvic
MRI, agreement was substantial to excellent (k, ranging from 0.64; 95% CI| 0.44—
0.85; p<0.001to 0.91; 95% Cl 0.84-0.98; p <0.001). Intracbserver variability was
excellent for compartments A, B and C (x,, ranging from 0.85; 95% CI| 0.73-0.96;
p<0.001to 0.95; 95% CI 0.89-1.00; p<0.001).

Conclusion: With sufficient experience, the #Enzian classification enables the
achievement of excellent inter- and intraobserver agreement in MRI-based
diagnosis of deep infiltrating endometriosis and endometriomas.

KEYWORDS

pelvis, deep infiltrating endometriosis, endometrioma, magnetic resonance imaging,
interobserver variability
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1 Introduction

MRI is widely used and recommended in the diagnosis of deep
infiltrating endometriosis (DIE) (1-3). Multiple attempts have been
made to describe the extent of endometriosis, but to date no
universally accepted classification system exists (4-6). In 2021, the
#Enzian classification has been published to provide a comprehensive
resource for the description and staging of endometriosis (7). The
classification has been created to overcome limitations of the Enzian
classification (established in 2003 and revised in 2011) (8) and the
revised American Society for Reproductive Medicine classification of
endometriosis (rASRM) and allows a complete description of
superficial and deep infiltrating endometriosis, ovarian endometriosis,
and uterine adenomyosis (9). Application of the #Enzian classification
is intended for both surgical and diagnostic specialties and aims to
enable communication and documentation of findings of surgery,
ultrasound, and MRI clearly and objectively.

Reports on the applicability of the upgraded #Enzian classification
for MRI examinations are promising (10, 11), but data on inter- and
intraobserver variability are scarce. In one retrospective study,
Manganaro et al. have reported overall good interobserver agreement
(Cohen’s kappa 0.73) of the #Enzian classification when applied to
MRI (12). However, further studies are warranted as existing data are
limited. A prospective evaluation of the interobserver variability of the
updated #Enzian classification on MRI has not been reported yet.
Furthermore, a detailed analysis of all MRI-applicable categories of
the classification is pending, including evaluations of the assignment
of lesions to the left and right body side (categories B, O) and
evaluations of ordinal scaled data. Additionally, the evaluation of the
influence of reader experience on interobserver agreement is of
interest. Saba et al. found a significant increase in the accuracy of
endometriosis diagnosis on MRI with experience (13), but studies on
the #Enzian classification in this regard are not yet available.

The purpose of this investigation was therefore to evaluate the
inter- and intraobserver variability of the MRI-applicable categories
of the updated #Enzian classification and to evaluate the influence of
reader experience on interobserver concordance.

2 Materials and methods

Ethical approval for this prospective, non-interventional study
was obtained from the local institutional review board (IRB) and
written informed consent from all participants was received (German
Clinical Trials Register ID DRKS00031403).

2.1 Patients

We prospectively included 50 consecutive patients aged
18years or older who were scheduled to undergo a pelvic MRI
scan for suspected endometriosis at our tertiary care center from
March 2023 to July 2023. The indications for the MRI examinations
were established after clinical gynecological examination and
transvaginal ultrasound. Exclusion criteria were pregnancy and
inability or unwillingness to consent. MRI scans were conducted
at two 1.5 Tesla scanners (Avanto, Siemens Healthcare, n = 40;
Espree, Siemens Healthcare, n=10). No adverse events were
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encountered in the course of the MRI examinations. All patients
have provided written informed consent.

2.2 MRI protocol for endometriosis

Patients were examined with an MRI protocol that is used in
clinical practice and includes commonly recommended sequences for
the evaluation of endometriosis (14, 15): Axial, sagittal, and coronal
T2-weighted FSE (fast spin echo), axial T1-weighted FSE and axial
fat-suppressed T1-weighted FSE.

According to current guidelines, MRI examinations were
scheduled independently of the menstrual cycle (14). The preparation
of the patients included rectal contrast with water and vaginal contrast
with ultrasound gel when consent was given (48/50 and 44/50,
respectively) (14, 16). An anti-peristaltic agent was administered in
most patients (intravenous hyoscine butylbromide 20mg,
Carinopharm GmbH, 48/50). To achieve moderate filling and good
assessability of the urinary bladder, care was taken to ensure that
patients did void their bladder approximately 1h before the
examination and did not void their bladder afterwards until the
completion of the MRI examination.

Intravenous administration of gadolinium based contrast agents
(GBCAs) was performed optionally, depending on additional
questions and the findings of the non-contrast images (11). For 40/50
(80.0%) patients, it was decided that contrast administration was not
necessary. In 10/50 (20.0%) patients, GBCAs were administered
(Gadoteridol, ProHance, 0.1 mmol/kg, Bracco Imaging s.p.a.) for the
following reasons: indeterminate ovarian lesion (5/50), suspicion of
pelvic venous congestion syndrome (3/50), indeterminate uterine

mass (2/50).

2.3 MRl image analysis

All images were reviewed independently by three senior
radiologists from two different medical centers on Picture Archiving
and Communication System (PACS) workstations. Two radiologists
(S.H., ECR.) had experience in pelvic MRI and endometriosis
imaging (7 and 5years, respectively). The third radiologist (H.E.K.)
was a musculoskeletal radiologist without specific experience in
pelvic MRI. The latter reader received a one-hour briefing by the
radiologist with 7years experience with the following content:
demonstration of the #Enzian classification based on the publications
by Keckstein et al. (7) and Harth et al. (3); discussion of four
exemplary cases that were not drawn from the collective of the
present study (Case 1: #Enzian(m) A2, B2/2, C3, FA(external), FU(]);
Case 2: #Enzian(m) A1, B2/2, C1, O1/0; Case 3: #Enzian(m) A1, B2/3,
FA(external), FI(Sigma); Case 4: No endometriosis); discussion of
different forms (internal, external) and diagnostic criteria of
adenomyosis uteri (17); discussion of uterine contractions as
mimickers of adenomyosis (18). Figures from the 2021 publication by
Keckstein et al. and the 2023 publication by Harth et al. were made
available to guide all readers (3, 7). Images of cases used for training
were not included in later image analysis.

The radiologists evaluated each MRI for evidence of
endometriosis independently. For this purpose, the categories of
the #Enzian classification applicable in MRI were taken into
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endometriose-sef.de/aktivitaeten/klassifikation-enzian/).

The #Enzian classification of endometriosis (reproduced with permission of J. Keckstein/Scientific Endometriosis Foundation, https://www.

M Largest diameter

2,8

left right (Location)

account (Figure 1) (10): compartment A, comprising the
rectovaginal space, the vagina, and the retrocervical area;
compartment B with individual assessments of the right and the left
side, comprising the sacrouterine ligaments, the cardinal ligaments,
and the pelvic sidewall; compartment C (rectum); organ O (ovary)
with individual assessment of the right and the left side; category
FA (adenomyosis); organ FB (bladder); organ FI (intestinum);
organ FU (ureter); and category F(...), covering other anatomic
sites. For compartments A, B, and C, the size of lesions was
measured and graded according to the increments proposed in the
#Enzian classification (1: <1 cm, 2: 1-3 cm, 3: >3 cm). The diameters
of endometriomas were added for each body side and graded
accordingly (1: Y <3cm, 2: ). 3-7cm, 3: Y >7cm). #Enzian
categories P and T were omitted from the evaluation, as applicability
on MRI is limited (10).

Three to seven months after completion of the first assessment, all
50 cases were assessed again by one of the experienced readers (S.H.)
in a blinded evaluation without access to MRI reports, clinical data, or
the results of the initial evaluation.

2.4 Statistical analysis

Statistical analyses were performed utilizing IBM SPSS
Statistics 29.0.
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Sample size estimation was performed to detect statistically
significant Cohen’s kappa coefficients (k) (p <0.05) on dichotomous
and dichotomized variables, following the recommendations by Sim
and Wright (19): With 80% power, expecting a proportion of positive
ratings in the range of 35-45% (3, 11), expecting a minimum value for
Cohen’s kappa coefficient of 0.60, and assuming the null-hypothesis
kappa to be 0.00, a minimum sample size of 22 was determined for a
two-tailed-test.

Cohens kappa coefficients (k) were computed for dichotomous
variables (DIE all locations, FA, FB, FI, F(...), FU) and dichotomized
variables (O both sides, O left side, O right side, A, B both sides, B left
side, B right side, C) to assess agreement for pairs of two raters (reader 1
and 2, reader 1 and 3, reader 2 and 3, reader 1 and 1). For ordinal scaled
variables (O0-3 left side, O0-3 right side, A0-3, B0-3 left side, B0-3 right
side, C0-3), quadratic weighted kappa coeflicients (k) were computed.

To assess agreement of all three raters, Fleiss’ kappa was calculated
for dichotomous variables (DIE all locations, FA, FB, FI, F(...), FU)
and dichotomized variables (O both sides, O left side, O right side, A,
B both sides, B left side, B right side, C), and Kendalls W was
calculated for ordinal scaled variables (O0-3 left side, O0-3 right side,
AO0-3, B0-3 left side, BO-3 right side, C0-3).

Reader agreement was assessed using the following range
definitions of kappa values: 0.81 and 1.00, excellent (‘almost perfect);
0.61-0.80, substantial; 0.41-0.60, moderate; 0.21-0.40, fair; 0.00-0.20
slight (20).
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3 Results

Fifty consecutive patients (mean age, 34.9 years +8.6 [standard
deviation]) were prospectively evaluated for endometriosis by three
readers on MRI, utilizing the #Enzian classification. Table 1
summarizes the characteristics of the study population.

3.1 MRl image analysis

The percentages of positive #Enzian categorizations assigned in
this study among all readers were 24.0% (O), 36.0% (A), 40.0% (B),

TABLE 1 Patient demographics and clinical characteristics.

N/total (%) unless
shown otherwise

Characteristic

Age (years), mean +SD, range 34.9+8.6, 18-55
BMI (kg/m?) +SD 247+4.8
Prior abdominal surgery 31/50 (62.0)
Laparoscopy for endometriosis 21/50 (42.0)
Cesarean section 9/50 (18.0)
Appendectomy 6/50 (12.0)
Laparoscopy for ovarian mass 4/50 (8.0)
Laparoscopy for adhesions 4/50 (8.0)
Total laparoscopic hysterectomy 4/50 (8.0)
Inguinal hernia repair 2/50 (4.0)
Rectum resection with anastomosis 2/50 (4.0)
Psoas hitch 2/50 (4.0)
Laparoscopic myomectomy 2/50 (4.0)
Neurostimulator implantation 2/50 (4.0)
Other surgical procedures 7/50 (14.0)
Prior vaginal delivery 4/50 (8.0)
Clinical symptoms
Chronic pelvic pain 47/50 (94.0)
Dysmenorrhea 27/50 (54.0)
Dyspareunia 15/50 (30.0)
Dyschezia 14/50 (28.0)
Abnormal uterine bleeding 10/50 (20.0)
Dysuria 6/50 (12.0)
Obstipation 6/50 (12.0)
Infertility 5/50 (10.0)
Leg pain 5/50 (10.0)
Lower back pain 4/50 (8.0)
Rectal bleeding 3/50 (6.0)
Diarrhea 2/50 (4.0)
Fatigue 2/50 (4.0)
Foot drop 2/50 (4.0)
Leg paresthesia 2/50 (4.0)
Abdominal muscle fasciculations 1/50 (2.0)
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33.3% (C), 18.0% (FA), 2.7% (FB), 8.0% (FI), 2.7% (FU) and
6.7% (E(...)).

The agreement between pairs of two readers each are listed in
Supplementary Tables S1-S36. An exemplary case of a patient with
typical DIE on MRI is shown in Figure 2. Calculations of Cohen’s
kappa coefficients (k) and quadratic weighted kappa coefficients (k)
for pairs of two raters each are presented in Table 2. For the two
readers with experience in pelvic MRI (reader 1 and 2), agreement in
the assessment of #Enzian categories A, B and C varied from k=0.87
(95% CI 0.72-1.00) to k=0.96 (95% CI 0.87-1.00) (dichotomized
data) and from ,=0.84 (95% CI 0.71-0.97) to ,=0.89 (95% CI
0.82-0.97) (ordinal data). For the pairings of the readers with
experience in pelvic MRI to the reader without specific experience in
pelvic MRI (reader 1 and 3, reader 2 and 3), agreement in the
assessment of #Enzian categories A, B, and C varied from k=0.62
(95% CI 0.39-0.84) to k=0.96 (95% CI 0.87-1.00) (dichotomized
data) and from ,=0.64 (95% CI 0.44-0.85) to k,=0.91 (95% CI
0.84-0.98) (ordinal data).

Calculations of Fleiss’ kappa and Kendall’s W for the ratings of all
three readers are shown in Table 3. For #Enzian categories A, B, and
C, Fleiss” kappa varied from 0.72 (95% CI 0.56-0.88) to 0.94 (95% CI
0.78-1.00) (dichotomized data) and Kendall's W from 0.84 to 0.96
(ordinal data).

Findings for category F(...) were concordantly noted by three
readers in one case, where DIE was located in the anterior abdominal
wall (intramuscular). Two of three readers reported DIE in single
cases in the sciatic nerve, inguinal canal, and sacral plexus, respectively.
In one case, only one of the three readers diagnosed DIE affecting the
anterior abdominal wall (subcutaneous).

Calculations of Cohen’s kappa coefficients (k) and quadratic
weighted kappa coefficients (k,) for the two assessments of reader 1
are presented in Table 4.

4 Discussion

In our study, we prospectively evaluated inter- and intraobserver
agreement of the MRI-applicable categories of the 2021 #Enzian-
classification for endometriosis through a total of 50 MRI cases
assessed by three readers from two different institutions. Our study
demonstrated overall excellent interobserver agreement of the
assessments of three independent readers for the diagnosis of deep
infiltrating endometriosis on MRI with a Fleiss’ kappa of 0.89 (95% CI
0.73-1.00), and for the diagnosis of endometriomas on MRI with a
Fleiss’ kappa of 0.93 (95% CI 0.77-1.00). Only moderate interobserver
agreement was found in the evaluation of uterine adenomyosis, with
a Fleiss’ kappa of 0.46 (95% CI 0.30-0.62). Intraobserver agreement
was excellent for all evaluated categories of the #Enzian classification.
Our study indicated that radiologists without specific experience in
pelvic MRI can achieve substantial to excellent agreement with
experienced radiologists in the application of the #Enzian classification
on MRI after only a short training and with guidance from
explanatory illustrations.

To our knowledge, this is the first study to prospectively evaluate
interobserver agreement of the MRI-based application of the 2021
#Enzian classification, in which endometriomas (O0-3, separately for
the left and right body side) and separate category B values (B0-3)
for the left and right body side were included. In addition, and in
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FIGURE 2

readers as #Enzian(m

Asterisks: cervix uteri.

Example of typical deep infiltrating endometriosis (DIE), focal adenomyosis of the outer myometrium and endometriomas on MRI, categorized by two
) O1/2, A2, B2/2, C3, FA and by one reader as #Enzian(m
endometriomas on the right side between O1 and O2): (A) Sagittal, (B) coronal and (C) axial T2 FSE (fast spin echo) showing a hypointense mass
containing hyperintense foci (long arrows) with extension to rectum, vaginal vault, parametria, and posterior outer myometrium. (D) Axial T2 FSE and
(E) axial fat suppressed T1 FSE demonstrating characteristic bilateral endometriomas with Tlw-hyperintensity and T2w-hypointensity (short arrows).

5.94mm

s.azls':n;ﬁ}%? y
A ({G.O4mm/'x?.20mm

) O1/1, A2, B2/2, C3, FA (due to a borderline summed size of

contrast to previous studies, we performed analyses of the
non-dichotomized, ordinal scaled data as specified in the
classification. The only other study to date on interobserver
variability of the updated #Enzian classification is the 2021 study by
Manganaro et al. In their retrospective analysis of 60 cases, excellent
interobserver agreement was stated for the diagnosis of
endometriomas (k: 0.8153) and good agreement for the assessments
of compartments/categories A (k: 0.7645), B (k: 0.74023), C (k:
0.7932) and F (extragenital deep infiltrating endometriosis, k:
0.6349) (12).
endometriomas and compartment B by body side and individual
results for categories FA, FB, FI, FU and F(..
addition, no weighted kappa values were reported for the ordinally

However, results of a separate evaluation of
.) were not reported. In
scaled data in categories A, B, C, and O. However, this detailed
information is of importance because a difference of one grade (e.g.,

B3 versus B2) is less significant in practice than a difference of several
grades (e.g., B3 versus B0). This is taken into account in our study
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with the analysis of quadratically weighted kappa values. Finally, as
mentioned above, it is also important in practice whether the
intended separate description of category B and O findings by body
side can be correctly performed on MRI images using the #Enzian
classification. Our results suggest that the side-separated description
of findings is useful and feasible, but also confirm the observation of
other authors that assessment in category B can be challenging on
MRI (10). However, it is inherent in the design of the classification
that it is not a matter of an exact size measurement, but rather of a
category assignment (1: < I cm, 2: 1-3cm, 3: > 3 cm; see exemplary
Figures 2B, C).

Several studies retrospectively evaluated interobserver agreement
of the 2011 Enzian classification for the MRI-based diagnosis of DIE,
obtaining varying results. Thomassin-Naggara et al. reported excellent
agreement for category C (k 0.88, 95% CI 0.82-0.94), good agreement
for category A (x 0.79, 95% CI 0.67-0.9) and poor agreement for
category B (k 0.41, 95% CI 0.26-0.56) (n=150) (21). Thus, greater
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TABLE 2 Agreement of two raters each for the assignment of the #Enzian classification on MRI.

Reader 1 and 2, 95% ClI

Reader 1 and 3, 95% ClI

10.3389/fmed.2023.1303593

Reader 2 and 3, 95% Cl

DIE, all locations®

0.92 (0.81-1.00)*

0.88 (0.75-1.00)*

0.88 (0.75-1.00)*

O, dichotomized, both sides*

0.95 (0.84-1.00)*

0.94 (0.83-1.00)*

0.89 (0.74-1.00)*

O, dichotomized, left side®

1.00 (1.00-1.00)*

0.86 (0.68-1.00)*

0.86 (0.68-1.00)*

O, dichotomized, right side*

0.85 (0.65-1.00)*

1.00 (1.00-1.00)*

0.85 (0.65-1.00)*

A, dichotomized®

0.96 (0.87-1.00)*

0.91 (0.80-1.00)*

0.96 (0.87-1.00)*

B, dichotomized, both sides®

0.92 (0.80-1.00)*

0.75 (0.56-0.94)*

0.75 (0.56-0.94)*

B, dichotomized, left side®

0.87 (0.74-1.00)*

0.65 (0.44-0.87)*

0.62 (0.39-0.84)*

B, dichotomized, right side*

0.87 (0.72-1.00)*

0.69 (0.48-0.90)*

0.74 (0.55-0.93)*

C, dichotomized®

0.87 (0.73-1.00)*

0.73 (0.53-0.93)*

0.77 (0.58-0.96)*

FA® 0.61 (0.36.-0.86)* 0.39 (0.05.-0.74)** 0.37 (0.09.-0.64)*
FB* 0.66 (0.03.-1.00)* 1.00 (1.00-1.00)* 0.66 (0.03-1.00)*
FU* 1.00 (1.00-1.00)* 0.00 (0.00-0.00) 0.00 (0.00-0.00)

FI* 1.00 (1.00-1.00)* 0.55 (0.10-0.99)* 0.55 (0.10-0.99)*
F(...)* 0.88 (0.64-1.00)* 0.31 (—0.16-0.78)** 0.38 (—0.15-0.91)*

0, 0-3, left side®

1.00 (1.00-1.00)*

0.91 (0.82-0.99)*

0.91 (0.82-0.99)*

O, 0-3, right side®

0.96 (0.89-1.00)*

0.96 (0.91-1.00)*

0.92 (0.84-1.00)*

A, 0-3°

0.84 (0.71-0.97)*

0.89 (0.80-0.97)*

0.91 (0.84-0.98)*

B, 0-3, left side®

0.88 (0.79-0.97)*

0.66 (0.47-0.84)*

0.64 (0.44-0.85)*

B, 0-3, right side”

0.89 (0.80-0.98)*

0.67 (0.49-0.85)*

0.70 (0.53-0.87)*

C,0-3

0.89 (0.82-0.97)*

0.83 (0.70-0.97)*

0.89 (0.78-1.00)*

DIE, deep infiltrating endometriosis. *Cohen’s kappa. "Weighted kappa, quadratic weights. *p <0.001. **p=0.002.
Readers 1 and 2 had 5-7 years’ experience in endometriosis MRI, reader 3 had no experience and received a 1h training.

TABLE 3 Agreement of three raters for the assignment of the #Enzian

classification on MRI.

TABLE 4 Intraobserver agreement for the assignment of the #Enzian

classification on MRI.

Reader 1, 2 and 3, 95% Cl Reader 1, 95% ClI

DIE, all locations®

0.89 (0.73-1.00)*

O, dichotomized, both sides®

0.93 (0.77-1.00)*

O, dichotomized, left side*

0.91 (0.75-1.00)*

O, dichotomized, right side®

0.90 (0.74-1.00)*

A, dichotomized®

0.94 (0.78-1.00)*

B, dichotomized, both sides®

0.81 (0.65-0.97)*

B, dichotomized, left side®

0.72 (0.56-0.88)*

B, dichotomized, right side*

0.77 (0.61-0.93)*

C, dichotomized®

0.79 (0.63-0.95)*

FA® 0.46 (0.30-0.62)*
FB* 0.74 (0.58-0.90)*
FU* 0.49 (0.33-0.65)*
FI* 0.73 (0.57-0.89)*

0.57 (0.41-0.73)*

0O, 0-3, left side® 0.95%
O, 0-3, right side” 0.95%*
A,0-3° 0.96*
B, 0-3, left side® 0.84*
B, 0-3, right side” 0.86*
C,0-3° 0.90*

DIE, deep infiltrating endometriosis. *Fleiss’ kappa. "Kendall W. *p <0.001.
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DIE, all locations®

0.96 (0.88-1.00)*

O, dichotomized, both sides*

1.00 (1.00-1.00)*

O, dichotomized, left side®

1.00 (1.00-1.00)*

O, dichotomized, right side®

0.92 (0.77-1.00)*

A, dichotomized®

0.86 (0.72-1.00)*

B, dichotomized, both sides®

0.96 (0.88-1.00)*

B, dichotomized, left side®

0.87 (0.73-1.00)*

B, dichotomized, right side®

0.91 (0.79-1.00)*

C, dichotomized®

0.96 (0.87-1.00)*

FA* 0.82 (0.63-1.00)*
FB* 1.00 (1.00.-1.00)*
FU* 1.00 (1.00-1.00)*
FI* 0.88 (0.64-1.00)*
F(...)? 0.88 (0.64-1.00)*

0, 0-3, left side®

1.00 (1.00-1.00)*

O, 0-3, right side”

0.95 (0.90-1.00)*

A, 0-3°

0.89 (0.80-0.97)*

B, 0-3, left side”

0.85 (0.73-0.96)*

B, 0-3, right side®

0.90 (0.84-0.97)*

C,0-3

0.95 (0.89-1.00)*

DIE, deep infiltrating endometriosis. *Cohen’s kappa. "Weighted kappa, quadratic weights.

#p<0.001.
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FIGURE 3

Sagittal T2 FSE (fast spin echo) slices demonstrating bladder findings of different patients on MRI: (A) Typical deep infiltrating endometriosis (DIE) of the
bladder dome (hypointense mass with hyperintense foci, long arrow), rated #Enzian FB by all three readers, (B) focal thickening of the anterior bladder
wall (short arrow), scored #Enzian FB by one of three readers due to off-midline location and central T2w-hyperintensity (no endometriosis on
laparoscopy), (C) and (D) focal thickening of the anterior bladder wall (short arrows), interpreted as prominent urachal remnant by all three readers due
to midline location on the serosal surface and the presence of a thin band, extending from the bladder dome toward the umbilicus. Asterisks: vaginal

vault.

difficulties were noted by the authors in the assessment of Enzian
category B on MRI compared to categories A and C. In contrast to
Thomassin-Naggara et al. we found excellent interobserver variability
for the experienced readers as well as excellent intraobserver
variability for category B.

In a previous study (3), we also found excellent agreement for
category C (x, 0.89, 95% CI: 0.75-1.00), but moderate agreement for
category A (k, 0.57, 95% CI: 0.13-1.00) and category B (i, 0.44, 95%
CI: 0.11-0.76) (n=20), although the smaller number of cases and also
the adjustment effect in the application of the classification by two of
the readers from the previous to the present study must be taken into
account. No more than fair agreement of three radiologists was found
by Burla et al. in their 2021 study (k 0.255 for category A, 0.146 for
category B, —0.263 for category C) (n=23) (22). Previous studies also
concluded that agreement in the detection of DIE at the uterosacral
ligaments between different readers is not optimal (23, 24), an
observation that we cannot currently confirm when considering the
agreement of the two experienced readers.

Various groups have provided definitions of the appearance of
endometriosis on MRI (25-27) and recently, a structured report
template based on the #Enzian classification has been provided by
Maciel et al. (10). Figure 3 demonstrates on the example of the
urinary bladder how certain discrepancies in the agreement of
several readers can occur on the verge of normal and pathological
(28). Similar diagnostic challenges have led to the only moderate
agreement in the diagnosis of adenomyosis (#Enzian FA) in our
study, which can be mimicked by uterine contractions and for which
diagnostic criteria on MRI are not without controversy (17, 29).

Further efforts to educate radiologists in endometriosis
diagnostics are desirable to improve reliability of readings, as
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several studies underscore: Saba et al. found that the accuracy of
MRI diagnosis of endometriosis increased with radiologist
experience when the same cases were reanalyzed after 12 and
24 months by the same reader (13). Jaramillo-Cardoso stated in
their 2019 study that a structured expert-read outperformed
routine reads and structured reported reads of pelvic MRIs for
endometriosis, considering sensitivity and specificity and using
surgical staging as reference (30). A 1 h training session and the
provision of explanatory illustrations enabled a previously
inexperienced radiologist to achieve remarkable agreement to
experienced radiologists in our study.

Despite the explained strengths of this study, the conduction in a
single tertiary care center might be a limitation of our study, whereby
radiologists from two different institutions performed the analysis.
When viewed in conjunction with our previous and other studies, the
study population is typical of an endometriosis center, with relatively
high rates of patients who had prior surgeries and patients presenting
with infertility. Further studies on the reliability and validity of the
#Enzian classification are desirable. The comparison of MRI
assessments using the #Enzian classification with results of surgical
procedures was not the subject of this study but should also
be prospectively investigated in further studies to expand on the
literature in this regard (31), considering a separate analysis by
body side.

In conclusion, the #Enzian classification enables the achievement
of excellent inter- and intraobserver agreement in MRI-based
diagnosis of deep infiltrating endometriosis and endometriomas with
sufficient reader experience. The #Enzian classification could
be recommended for routine use by radiologists in daily pelvic MRI
scans for endometriosis.
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Prediction of adenomyosis
according to revised definitions
of morphological uterus
sonographic assessment features

Onur Yavuz ® **, Asli Akdoner © 1,
Mehmet Eyiiphan Ozgozen ® !, Begiim Ertan ® %, Sefa Kurt © ¢,
Emine Cagnur Ulukus ® 2 and Mehmet Gliney ® *

!Department of Obstetrics and Gynecology, Dokuz Eylul University School of Medicine, Izmir, Turkiye,
2Department of Pathology, Dokuz Eylul University School of Medicine, Izmir, Turkiye

Objectives: This study aimed to predict the diagnosis of adenomyosis by revised
definitions of morphological uterus sonographic assessment (MUSA) features in
individuals who had hysterectomy.

Methods: This was retrospective cohort research conducted at a tertiary facility.
Between January 2022 and January 2023, 196 individuals who had hysterectomy
were analyzed in the research. The revised definitions of MUSA features of the
adenomyosis approach were used to record the direct and indirect results of the
sonography. The cases were classified as Group 1 (adenomyosis; n = 40, 20.4%)
and Group 2 (control; n = 156, 79.6%) according to histopathology reports.

Results: Hyperechogenic islands and echogenic subendometrial buds and lines
were the most predictive direct features (p = 0.02). Globular uterus and irregular
junctional zone were the most predictive indirect features (p = 0.04; p = 0.03,
respectively). Among all indirect features, the globular uterus was the most
predictive (p = 0.02). Total feature >4 was determined as the significant cutoff
value to predict adenomyosis (p < 0.001).

Conclusion: This study shows that combinations with a total number of features
>4 can be practically used in the evaluation of adenomyosis using the revised
definitions of MUSA features.

KEYWORDS

adenomyosis, direct feature, indirect feature, 3D transvaginal ultrasonography, 2D
transvaginal ultrasonography

1 Introduction

The benign uterine condition known as adenomyosis is identified by the existence
of stroma and endometrial glands in the myometrium (1). Whether or not there is a
hypertrophic myometrium nearby, it may appear as a localized or widespread lesion
in the inner or outer myometrium (2). The overall prevalence of histopathologically
confirmed adenomyosis was reported as between 20.9 and 36.4% (3, 4). It is also stated
that adenomyosis peaks between the ages of 40 and 59 (3).

While the diagnosis of adenomyosis is definitively made histopathologically, it can only
be predicted by non-invasive imaging methods. Nowadays, transvaginal ultrasonography
(TVS) is the first-line imaging technique in the diagnosis of adenomyosis (5). In a meta-
analysis in which the diagnosis of adenomyosis was confirmed histopathologically, the
sensitivity and specificity of preoperative TVS for predicting adenomyosis were found to
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be both 78% (6). It has been noted that three-dimensional (3D) TVS
increases the accuracy of adenomyosis diagnosis (6).

Diagnostic sonographic characteristics of adenomyosis were
examined in many studies in the literature (4, 7, 8). Van
Den Bosch et al. reported MUSA features to optimize and
standardize sonographic markers of adenomyosis (9). After that,
MUSA features were revised and updated to define adenomyosis
by a modified Delphi procedure study (5). Everyone agreed
that the ultrasonographic signs of adenomyosis in the MUSA
features should be classified as either indirect (asymmetrical
myometrial thickening, globular uterus, fan-shaped shadowing,
translesional vascularity, inconsistent junctional region, and
interrupted junctional region) or direct (myometrial cysts,
hyperechogenic islands, echogenic subendometrial buds, and lines)
(5). The most recent study on this subject, revised definitions of
MUSA features of adenomyosis, highlighted a gap in the literature
as further investigation of the accuracy of the existence of one or
more indirect and/or direct features to diagnose adenomyosis (5).

Based on this perspective, we aimed to predict the diagnosis
of histopathologically confirmed adenomyosis by utilizing the
revised and updated MUSA ultrasonographic features (one
or more indirect and/or direct features) in patients who
underwent hysterectomy.

2 Materials and methods

This was retrospective cohort research carried out at a tertiary
center. Informed consent was obtained from all participants
in this research. The research was performed in compliance
with the principles of the Helsinki Declaration. Institutional
ethics committee approval was provided (File number: 7737-
GOA, Registration number: 2023/02-13). Between January 2022
and January 2023, 214 patients who underwent hysterectomy
were included in the research. Individuals with indications of
cervical, uterine, and adnexal malignancy were excluded from the
study (n = 18).

Data from 196 patients were analyzed.

During the preoperative period within the last week, the
patients were examined with 3D TVS (General Electric™ Voluson
E8 with a 4-9 MHz 3D transvaginal probe). Sonographic
evaluations were performed by three gynecologists working at
our institution whose special interest is in endometriosis and
adenomyosis ultrasonography. The sonographic examinations
were performed by two gynecologists, 30 and 10 years old (MG
and OY, respectively). In cases of discrepancies, a third gynecologist
with 6 years of experience (MEQ) ensured consensus. The presence
of leilomyoma (location, site, number, and maximum diameter) was
recorded. The location of lelomyoma was defined as the anterior
and posterior sides of the uterus. The site of leiomyoma was
classified as type 0-7, in accordance with the current literature
that defines the classification of leiomyoma (10). If more than
one leiomyoma was detected, the characteristics of the largest
myoma were used as the basis. To predict adenomyosis, the
revised definitions of MUSA features, including direct (myometrial
cysts, hyperechogenic islands, echogenic subendometrial buds,
and lines), indirect (asymmetrical myometrial thickening, globular
uterus, fan-shaped shadowing, translesional vascularity, irregular
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junctional zone, and interrupted junctional zone), and the
total number of signs (direct + indirect), were accepted as a
reference, and the findings were documented (5). The demographic
characteristics, clinical findings, surgery indications, and surgery
type of the patients were recorded. Following the surgeries,
the pathology materials were analyzed by a single experienced
gynecopathologist (ECU). Macroscopically, an enlarged uterus,
a spherical and/or asymmetrical uterus, and a thick, irregularly
fasciculated myometrium with tiny gaps were used to diagnose
adenomyosis. When an adenomyoma resembles an intramural
myoma or when the adenomyotic lesions are limited to the
uterine wall, it is referred to as focal adenomyosis (11).
Histologically, the existence of ectopic endometrial glands and/or
stroma linked to neighboring smooth muscle hypertrophy and
hyperplasia located 2.5mm past the endometrial-myometrial
interface when seen via a low-power microscope established the
diagnosis of adenomyosis (11). The histopathological diagnosis of
endometrioma was reported in patients who underwent unilateral
or bilateral salpingo-oophorectomy along with hysterectomy. The
characteristics of the leiomyomas assessed preoperatively were
confirmed histopathologically. The cases were classified as Group
1 (adenomyosis; n = 40, 20.4%) and Group 2 (control; n = 156,
79.6%) according to histopathology reports.

Analyses were performed with SPSS version 26.0 (IBM Inc.,
Chicago, IL, USA). Normality analysis was performed according to
the Kolmogorov-Smirnov test. Not normally distributed variables
were analyzed with the Mann-Whitney U-test. These results were
expressed as median (minimum-maximum) values for each group.
The chi-square test and Fisher’s precision test were used in the
analysis of categorical data. These were presented as counts and
percentages (%). An inter-rater reliability analysis was performed
for direct and indirect ultrasonography findings. For this purpose,
Cohen’s Kappa was calculated and categorized as follows: k = 0-
0.20, slight agreement; k = 0.21-0.40, fair agreement; k = 0.41-0.60,
moderate agreement; k = 0.61-0.80, substantial agreement; and k
= 0.81-1.00, almost perfect agreement. Logistic regression models
were used to analyze features that may be effective in predicting
adenomyosis. Receiver operating characteristic (ROC) analysis was
performed to determine the area under the curve (AUC), which
indicates the average sensitivity of features. The appropriate cutoff
value, indicating the sum of the highest sensitivity and specificity,
was calculated for the most predictive feature. The results were a
95% confidence interval (CI). The p-value considered statistically
significant was <0.05.

3 Results

Demographic characteristics and clinical findings of groups
are listed in Table 1. The groups were similar with regard to age,
gravity, parity, body mass index (BMI), menarche age, menopausal
status, and smoking habit. There was no significant difference
between the groups in terms of the history of myomectomy
surgery, cesarean section, curettage, oral progesterone treatment, or
levonorgestrel intrauterine device treatment. Although the history
of dyspareunia and chronic pelvic pain was detected at a higher rate
in the adenomyosis group, none of the clinical symptoms showed
statistically significant differences between the groups.
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TABLE 1 Demographic characteristics and clinical findings of groups.

10.3389/fmed.2024.1387515

Variables All patients Group 1 (adenomyosis) p 2 (control) p-value
n =196 (100%) n = 40 (20.4%) 156 (79.6%)
Age (years) 49 (34-80) 48 (35-75) 49 (34-80) 0.1
Gravidy 2(0-13) 3(0-7) 2(0-13) 0.4
Parity 2(0-11) 2(0-7) 2(0-11) 0.4
Body mass index (%) 28 (18-43.1) 28 (20-40) 28 (18-43.1) 0.9
Menarche age (years) 13 (11-17) 13 (11-17) 13 (11-17) 0.7
Menopausal status 0.2

Premenopausal 56.1% (110/196) 65% (26/40) 53.8% (84/156)

Postmenopausal 43.9% (86/196) 35% (14/40) 46.2% (72/156)

Smoking habit (10/day) 40.3% (79/196) 42.5% (17/40) 39.7% (62/156) 0.8
Myomectomy surgery 40.8% (80/196) 42.5% (17/40) 40.4% (64/156) 0.8
Cesarean section 37.2% (73/196) 35% (14/40) 37.8% (59/156) 0.8
Curettage history 48% (94/156) 52.5% (21/40) 46.8% (73/156) 0.5
Oral progesterone treatment 27% (53/196) 25% (10/40) 27.6% (43/156) 0.8
Levonorgestrel intrauterine device treatment 15.3% (30/196) 22.5% (9/40) 13.5% (21/156) 0.2
Dysmenorrhea 43.9% (86/196) 35% (14/40) 46.2% (72/156) 0.2
Dyspareunia 28.6% (56/196) 35% (14/40) 26.9% (42/156) 03
Menometrorrhagia 40.8% (80/196) 37.5% (15/40) 41.7% (65/156) 0.7
Chronic pelvic pain 28.1% (55/196) 37.5% (15/40) 25.6% (40/156) 0.1

Ultrasound findings of the groups are listed in Table 2. Among
the indirect features, the globular uterus and irregular junctional
zone were observed to be significantly greater in the adenomyosis
group (57.5 vs. 39.7%; p = 0.04, 32,5 vs. 17.3%; p = 0.03,
respectively). Other indirect features did not differ between groups.
Although myometrial cysts, which are direct features, were detected
at a higher rate in the adenomyosis group, the difference was not
significant. Hyperechogenic islands and echogenic subendometrial
buds and line features were significantly higher in the adenomyosis
group (17.5 vs. 5.8%; p = 0.01, 15 vs. 4.5%; p = 0.01, respectively).
The median value of the total number of direct, indirect, and total
features was significantly higher in the adenomyosis group (p =
0.04; p = 0.04; p < 0.01). The groups were similar in terms of
leiomyoma presence, site, number, and maximum diameter. The
anterior location of maximum diameter myoma uteri was higher in
the control group (p = 0.03)

Interobserver agreement of ultrasound findings is shown
in Table 3. Cohen’s Kappa showed that there was an almost
perfect agreement for asymmetrical myometrial thickening and
globular uterus. Moderate agreement was found for fan-shaped
shadowing and hyperechogenic islands; fair agreement was
found for translesional vascularity, interrupted junctional zone,
myometrial cysts, and echogenic subendometrial buds and lines;
a slight agreement was found for the irregular junctional zone
between observers.

The operation and pathological outcomes of the groups are
listed in Table 4. The groups were similar in terms of indication
and type of surgery. Although the coexistence of myoma uteri
and endometrioma was detected at a higher rate in the control
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group, these variables were not different between the groups.
No adenomyoma coexistence was detected in the control group.
This rate was reported as 15% in the adenomyosis group (p
<0.001).

ROC analysis was conducted to calculate the cutoff score
of the number of diagnostic direct, indirect, and total features
for adenomyosis (Figure 1). Direct feature >1 was determined
as the cutoff value to predict adenomyosis (p = 0.1). The
AUC for the direct feature was 0.578 (95% CI, 0.473-0.620).
Indirect feature >4 was determined as the cutoff value to
predict adenomyosis (p = 0.05). The AUC for the indirect
feature was 0.599 (95% CI, 0.503-0.695). Total feature >4 was
determined as the cutoff value to predict adenomyosis (p <
0.001). The AUC for the total feature was 0.631 (95% CI, 0.536—
0.725).

The evaluation of likelihood ratio (LR), negative predictive
value (NPV), positive predictive value (PPV), specificity, sensitivity,
and accuracy of ultrasonography findings are reported in Table 5.
Hyperechogenic islands had 17.5% sensitivity, 94% specificity, and
78% accuracy. However, echogenic subendometrial buds and lines
had more specificity (95%) and higher accuracy (79%). Among the
indirect findings, the most sensitive feature was the globular uterus
(57.7%) and the most specific feature was translesional vascularity
(94.8%). In addition, translesional vascularity had the highest
accuracy (77%). Total feature score >4 had 27.5% sensitivity, 90%
specificity, and 77% accuracy (Figure 2). There were four situations
(“3 direct + >2 indirect”, “2 direct + >3 indirect”, “1 direct +
> 4 indirect”, and “0 direct + > 5 indirect”) that met the total
feature score >4 criterion. “3 direct + > 2 indirect” combination
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TABLE 2 Ultrasound findings of the groups.

Variables All patients Group 1 (adenomyosis) Group 2 (control) p-value
n =196 (100%) n = 40 (20.4%) n =156 (79.6%)

Indirect signs

Asymmetrical myometrial thickening 42.9% (84/196) 55% (22/40) 39.7% (62/156) 0.08

Globular uterus 43.4% (85/196) 57.5% (23/40) 39.7% (62/156) 0.04

Fan-shaped shadowing 41.8% (82/196) 55% (22/40) 38.5% (60/156) 0.05

Translesional vascularity 5.6% (11/196) 7.5% (3/40) 5.1% (8/156) 0.5

Irregular junctional zone 20.4% (40/196) 32.5% (13/40) 17.3% (27/156) 0.03

Interrupted junctional zone 21.4% (42/196) 30% (12/40) 19.2% (30/156) 0.1

Direct signs

Myometrial cysts 15.8% (31/196) 17.5% (7/40) 15.4% (24/156) 0.7

Hyperechogenic islands 8.2% (16/196) 17.5% (7/40) 5.8% (9/156) 0.01

Echogenic subendometrial buds and lines 6.6% (13/196) 15% (6/40) 4.5% (7/156) 0.01

Total number of indirect features 2(0-7) 3(0-7) 2(0-6) 0.04

Total number of direct features 0.3 (0-3) 0(0-3) 0(0-2) 0.04

Total number of features 2(0-9) 3(0-9) 2(0-7) <0.01

Myoma uteri 61.2% (120/196) 62.5% (25/40) 60.9% (95/156) 0.8

Location of maximum diameter myoma uteri 0.03

Anterior wall 82.5% (99/120) 68% (17/25) 86.3% (82/95)

Posterior wall 17.5% (21/120) 32% (8/25) 13.7% (13/95)

Site of maximum diameter myoma uteri 0.7

Type 0-2 65.8% (79/120) 60% (15/25) 67.4% (64/95)

Type 3-6 25% (30/120) 28% (7/25) 24.2% (23/95)

Type 7 9.29% (11/120) 12% (3/25) 8.4% (8/95)

Number of myoma uteri (cm) 3(1-10) 3(1-10) 3(1-10) 0.9

Maximum diameter of myoma uteri (cm) 4 (1-10) 4(1-10) 4(1-10) 0.9

TABLE 3 Interobserver agreement of ultrasound findings.

Variables Interobserver agreement rate (%) Kappa (Cl 95%) p-value

Indirect signs

Asymmetrical myometrial thickening 91.8% 0.83 (0.75-0.91) <0.001

Globular uterus 92.3% 0.84 (0.77-0.92) <0.001

Fan-shaped shadowing 70.3% 0.41 (0.29-0.53) <0.001

Translesional vascularity 85.7% 0.31 (0.21-0.50) <0.001

Irregular junctional zone 65.8% 0.2 (0.07-0.36) <0.01

Interrupted junctional zone 70.9% 0.33 (0.19-0.46) <0.001

Direct signs

Myometrial cysts 87.7% 0.58 (0.43-0.73) <0.001

Hyperechogenic islands 94.3% 0.65 (0.46-0.84) <0.001

Echogenic subendometrial buds and lines 94% 0.59 (0.37-0.81) <0.001
had the highest specificity (100%) and accuracy (80.6%). “1 direct Tables 6, 7 included logistic regression analysis for predicting
+ > 4 indirect” and “0 direct + > 5 combinations” had highest = adenomyosis. While hyperechogenic islands and echogenic
sensitivity (10%). subendometrial buds and lines were significant in univariate
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TABLE 4 Operation and pathological findings of the groups.

10.3389/fmed.2024.1387515

Variables All patients up 1 (adenomyosis) Group 2 (control) p-value
196 (100%) 40 (20.4%) n (79.6%)

Indication 0.1

Myoma uteri 40.8% (80/196) 37.5% (15/40) 41.7% (65/156)

Premenopausal abnormal uterine bleeding 23% (45/196) 32.5% (13/40) 20.5% (32/156)

Uterine prolapse 18.9% (37/196) 10% (4/40) 21.2% (33/156)

Chronic pelvic pain 6.6% (13/196) 10% (4/40) 5.8% (9/156)

Benign adnexal mass 4.6% (9/196) 0% (0/40) 5.8% (9/156)

Postmenopausal bleeding 6.1% (12/196) 10% (4/40) 5.1% (8/156)

Surgery type 0.3

TAH + BS 3.1% (6/196) 5% (2/40) 2.6% (4/156)

TAH + USO 1% (2/196) 0% (0/40) 1.3% (2/156)

TAH + BSO 17.5% (35/196) 20% (8/40) 17.3% (27/156)

TLH + BS 20.4% (40/196) 17.5% (7/40) 21.2% (33/156)

TLH 4+ USO 1.5% (3/196) 5% (2/40) 0.6% (1/156)

TLH + BSO 54.1% (106/196) 52.5% (21/40) 54.5% (85/156)

VH + BSO 2% (4/196) 0% (0/40) 2.6% (4/156)

Coexistence of myoma uteri 61.2% (120/196) 62.5% (25/40) 60.9% (95/156) 0.8

Coexistence of endometrioma 7.9% (12/151) 15.6% (5/32) 5.9% (7/119) 0.07

Coexistence of adenomyoma 3.1% (6/196) 15% (6/40) 0% (0/156) <0.001

TAH, total abdominal hysterectomy; TLH, total laparoscopic hysterectomy; VH, vaginal hysterectomy; BS, bilateral salpingectomy; USO, unilateral bilateral salpingo-oophorectomy; BSO,

bilateral salpingo-oophorectomy.

logistic regression analysis (p = 0.02), they were not in
multivariable analysis (p > 0.5). In univariate logistic regression
analysis, the globular uterus and irregular junctional zone were
significant (p = 0.04; p = 0.03, respectively). In multivariate logistic
regression analysis, the globular uterus was the only feature that

showed a significant difference (p = 0.02).

4 Discussion

In this current study, we aimed to predict the diagnosis of
histopathologically confirmed adenomyosis in patients undergoing
hysterectomy using the revised definitions of MUSA features. The
overall prevalence of adenomyosis was 20.4%. Hyperechogenic
islands and echogenic subendometrial buds and lines were the
most predictive direct features. The globular uterus and irregular
junctional zone were the most predictive indirect features. Among
all indirect features, the globular uterus was the most predictive.
Total feature >4 was determined as the statistically significant
cutoff value to predict adenomyosis.

The accuracy of TVS criteria in the adenomyosis diagnosis
was investigated by Kepkep et al. (8). The sensitivity, specificity,
and accuracy of TVS in the diagnosis of adenomyosis were 80.8,
61.4, and 68.6%, respectively (8). In another study, Bazot et al.
reported the sensitivity (80.9%), specificity (100%), and accuracy
(82.6%) of TVS for the diagnosis of adenomyosis in individuals
with menometrorrhagia (4). Unfortunately, the sensitivity of TVS
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was found to be poor (38.4%) in an unselected patient population
scheduled for hysterectomy (4). Unlike these studies, our criteria
were defined according to the revised definitions of MUSA features
of adenomyosis (5).

Naftalin et al. reported the histopathological coexistence
of leiomyoma and adenomyosis as 21%, and the presence of
leiomyoma without adenomyosis as 20% (3). In our study, the
coexistence of adenomyosis and leiomyoma was three times higher
than that reported in the literature. This rate was greater than the
control group, but it was not statistically significant. Although it
was thought that including patients with various site, number, and
maximum diameter leiomyomas in our study group would affect
sonographic sensitivity and specificity, there was no difference
between the groups. Only, the rate of anterior location of the
maximum diameter myoma uteri was statistically higher in the
control group. Exacoustos et al. reported that the accuracy of
the overall two-dimensional (2D) and three-dimensional (3D
TVS) diagnoses, depending on whether two or more of the
particular ultrasonographic characteristics were present, was 83
and 89%, respectively (7). There was no significant change in the
specificity and accuracy of 3D sonography parameters compared
to 2D sonography parameters, although there was a significantly
increased sensitivity and NPV in the diagnosis of adenomyosis (7).
Despite the presence of leiomyomas with various characteristics in
our study, the fact that sonography evaluation was performed with
3D TVS enables better determination of the sonographic features
as stated in the literature (5, 7).
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FIGURE 1
ROC curve analysis for direct, indirect, and total feature scores.

A three-round modified Delphi procedure was designed among
gynecologists with expertise in the ultrasonographic diagnosis of
adenomyosis to reach a consensus. The Delphi procedure is a
qualitative research method aimed at determining the collective
opinions of experts on a specific subject. Two rounds of surveys
were conducted. The surveys included ultrasound images and
video clips of the uteri of women suspected to have adenomyosis.
The purposes of presenting the images and video clips were:
(1) to investigate the agreement among experts regarding the
presence of MUSA features that may necessitate a revised definition
due to poor agreement; (2) to gather suggestions regarding
revised definitions; and (3) to reach a consensus on the proposed
revised definitions. In the revised definitions of MUSA features of
adenomyosis, consensus was achieved regarding the categorization
of MUSA features into direct and indirect ultrasound indicators of
adenomyosis (5). Direct features signify the existence of ectopic
endometrial tissue within the myometrium (5). The consensus
was attained at rates of 80, 93.3, and 60% for hyperechogenic
islands, myometrial cysts, and echogenic subendometrial buds
and lines, respectively (5). In our study, the interobserver
agreement rate for hyperechogenic islands, myometrial cysts,
and echogenic subendometrial buds and lines was found to be
94.3, 87.7, and 94%, respectively. There was a fair agreement
for myometrial cysts and echogenic subendometrial buds and
lines, while a moderate agreement was found for hyperechogenic
islands. Indirect features encompass those that arise as secondary
effects of the existence of endometrial tissue in the myometrium,
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including muscular hypertrophy (resulting in a globular uterus)
or artifacts (e.g., shadowing). Consensus was attained at rates
of 86.7, 86.7, 100, 80, 66.7, and 60% for the globular uterus,
asymmetrical myometrial thickening, fan-shaped shadowing,
translesional vascularity, irregular junctional zone, and interrupted
junctional zone, respectively (5). In our study, total agreement for
globular uterus, asymmetrical myometrial thickening, fan-shaped
shadowing, translesional vascularity, irregular junctional zone, and
interrupted junctional zone was found to be 92.3, 91.8, 70.3, 85.7,
65.8, and 85.7%, respectively. Asymmetric thickening was defined
as the thickness difference between the anterior and posterior
myometrial walls exceeding 5 mm or the ratio between the anterior
and posterior wall thickness being well-above 1 or well-below 1
(5). A globular uterus was defined as one in which the myometrial
serosa deviates from the cervix in at least two directions, rather than
following a path parallel to the endometrium, and the measured
diameters of the uterine corpus are approximately equal. We based
our study on the suggested criteria (5). In our study, compared with
the Delphi study, the total interobserver agreement for asymmetric
myometrial thickening and globular uterus was higher, with almost
perfect interobserver agreement.

Our results revealed higher total agreement for echogenic
subendometrial buds and lines as well as the interrupted junctional
zone in comparison to the modified Delphi study. Conversely, fan-
shaped shadowing exhibited a lower total agreement in our study.
We posit that these discrepancies may be attributed to factors such
as the presence of myoma uteri, the number of myoma uteri, the site
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TABLE 5 Evaluation of sensitivity, specificity, negative predictive value, positive predictive value, likelihood ratio, and accuracy of ultrasound findings.

Variables

Sensitivity (%)

Specificity (%)

PPV (%) NPV(%) LR+ LR- Accuracy (%)

Direct features

Myometrial cysts 17.5 79 22,5 80 0.8 1 70

Hyperechogenic islands 17.5 94 43 94 29 0.8 78

Echogenic subendometrial buds and lines 15 95.5 46 81 33 0.8 79

Indirect features

Asymmetrical myometrial thickening 55 60 26.1 83.9 1.3 0.7 59

Globular uterus 57.7 60.2 27 84.6 1.4 0.7 59

Fan-shaped shadowing 55 61 26.8 84.2 1.4 0.7 60

Translesional vascularity 7.5 94.8 27.2 80 0.3 0.9 77

Irregular junctional zone 32.5 82.6 325 82.6 1.8 0.8 72

Interrupted junctional zone 30 80 285 81.8 1.5 0.8 70

Total feature score > 4 275 90 40 82 2.6 0.8 77

Direct feature score > 1 12.5 95 38.4 80.8 2.4 0.9 78

Indirect feature score > 4 17.5 93 38.8 81.4 2.4 0.8 77.5
0 direct + >5 indirect 10 95.5 36.3 80.5 2.2 1 78

1 direct 4+ >4 indirect 10 95.5 22 79.6 2.2 1 77

2 direct + 0 indirect NA 98.7 NA 79.3 NA 0.9 78.5
2 direct + 1 indirect NA 98 NA 79.3 NA 0.9 78

2 direct + 2 indirect NA 99.3 NA 79.4 NA 0.9 79

2 direct + >3 indirect NA 98.7 60 80 5.7 1 80.1
3 direct + 0 indirect NA 100 NA 79.5 NA 1 79.5
3 direct + 1 indirect NA 100 NA 79.5 NA 1 79.5
3 direct + >2 indirect 5 100 100 95.1 NA 1 80.6

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; NA, not acceptable.

of the maximum diameter of myoma uteri, the location of myoma
uteri, and the overall dimensions of myoma uteri.

In our study, myometrial cysts of all sizes were included
based on consensus among experts in the revised definitions of
MUSA features of adenomyosis. Myometrial cysts were detected in
15.4% of the patients in the adenomyosis group. The sensitivity,
specificity, and accuracy of myometrial cysts were 17.5, 79, and
70%, respectively. Bazot et al. reported that the presence of a
myometrial cyst on TVS had low sensitivity (65.3%) but high
specificity (97.5%) for adenomyosis, regardless of the patient group
(4). According to Exacoustos et al., the existence of a myometrial
cyst as the sole diagnostic feature for adenomyosis was detected
in 53% of patients, with a high specificity (98%) and the highest
accuracy (78%) (7). In contrast, myometrial heterogeneity alone
emerged as the most sensitive feature (88%) (7). Kepkep et al.
demonstrated that myometrial heterogeneity was the most sensitive
(80.8%), echogenic subendometrial lines and buds were the most
specific (95.5%), and the globular uterus was the most accurate
(80%) criteria (8). Similar to Kepkep et al’s result, echogenic
subendometrial lines and buds were analyzed as the most specific
(95.5%) feature. According to our study, the sensitivity (57.7%)
and accuracy (59%) of the globular uterus were found to be low.
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Although the groups in the study population were found to be
similar in terms of leiomyoma, the predictivity of the globular
uterus was found to be statistically significant. It was concluded that
the globular uterus feature has an important place in the diagnosis
of adenomyosis, even in the presence of leiomyoma. The results of
our study are partially similar to those in the literature. The use
of different sonography techniques and criteria in studies creates
differences in the results.

In revised definitions of MUSA features of adenomyosis,
researchers suggested that the echogenic subendometrial buds
and lines feature may lead to diagnostic confusion between
adenomyosis and malignancies in older and postmenopausal
patients (5). In our study, gynecological malignancies were
excluded from the study. Hyperechogenic islands and echogenic
subendometrial buds and lines features were significant differences
in the adenomyosis group. Echogenic subendometrial buds and
lines and hyperechogenic islands had low sensitivity (15 and
17%, respectively). However, they had high specificity (95.5 and
94%, respectively), high NPV (81 and 94%, respectively), high
accuracy (79 and 78%, respectively), and high positive LR (3.3
and 2.9, respectively). The predictivity of both criteria was found
to be statistically significant in univariate regression analysis.
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FIGURE 2
STARD diagram to report the flow of participants throughout the study.

TABLE 6 Results of univariate logistic regression analysis for predicting adenomyosis.

Variables B S.E. Wald OR (95% ClI) p-value
Myometrial cysts 0.154 0.472 0.107 1.167 (0.463-2.940) 0.7
Hyperechogenic islands —1.243 0.540 5.305 0.289 (0.100-0.831) 0.02
Echogenic subendometrial buds and lines —1.323 0.588 5.067 0.266 (0.084-0.843) 0.02
Asymmetrical myometrial thickening —0.617 0.357 2.978 0.540 (0.268-1.087) 0.08
Globular uterus —0.718 0.359 3.999 0.488 (0.241-0.986) 0.04
Fan-shaped shadowing —0.671 0.358 3.512 0.511 (0.254-1.031) 0.06
Translesional vascularity —0.405 0.702 0.334 0.667 (0.169-2.637) 0.5
Irregular junctional zone —0.833 0.389 4.372 0.435 (0.199-0.949) 0.03
Interrupted junctional zone —0.588 0.400 2.155 0.556 (0.253-1.218) 0.1

CI, confidence interval; OR, odds ratio.

The specificity, NPV, PPV, and accuracy of these direct features
were remarkable.

It has been stated that the irregular junctional zone was
weaker than other criteria in the revised definitions of MUSA
features of adenomyosis (5). Contrary to this view, Tellum et al.
reported that this feature reflects good discrimination ability (6).

The common opinion in the literature is that junctional zone
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evaluation should be performed by expert gynecologists in 3D
TVS (5, 6, 12). According to our analysis, the irregular junctional
zone feature was a significant difference in the adenomyosis
group. The irregular junctional zone had 32.5% sensitivity,
82.6% specificity, and 82.6% NPV. Its predictivity was observed
to be statistically significant in univariate regression analysis.
In our study, junctional zone evaluation was performed by

frontiersin.org



https://doi.org/10.3389/fmed.2024.1387515
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yavuz et al.

10.3389/fmed.2024.1387515

TABLE 7 Results of multivariable logistic regression analysis for predicting adenomyosis.

Variables B* S.E* B T (95% ClI) R R? p-value
Consant 0.599 0.296 - 2.025 0.015-1.182 0.08 0.08 0.04
Hyperechogenic islands 0.189 0.106 0.126 1.789 —0.019 t0 0.397 - - 0.07
Echogenic subendometrial buds and lines 0.226 0.116 0.139 1.954 —0.002 to 0.454 - - 0.05
Globular uterus 0.127 0.056 0.157 2.255 0.16 to 0.239 - - 0.02
Irregular junctional zone 0.110 0.071 0.110 1.566 —0.029 t0 0.250 - - 0.1

*Non-standard coefficients.
YStandard coefficients.
CI, confidence interval.

an expert gynecologist on 3D TVS, as recommended in the
current literature.

As stated in the revised definitions of MUSA features of the
adenomyosis study, it is unclear which feature or features are
required to diagnose adenomyosis (5). In our study, we determined
the cutoff values for direct features >1 and indirect features >4.
These values were not statistically significant. However, the total
number of features was 1.5 times more significantly different
in the adenomyosis group. Moreover, the cutoft value of total
features >4 was statistically significant. Four combinations that
provide this cutoff value were identified. However, the sensitivities
of the combinations were found to be quite low. “0 direct +
5 indirect” and “1 direct + > 4 indirect” were the weakest
combinations among the others, with an accuracy of 78 and
77%, respectively. The combination with the highest specificity,
PPV, NPV, and accuracy was “3 direct + > 2 indirect” (100,
100, 95.1, and 80.6%, respectively). As mentioned in the revised
definitions of MUSA features of the adenomyosis study, all three
direct traits might not be present in the same uterus, and direct
features are frequently modest and difficult to see. It could be
simpler to identify indirect traits than direct ones (5). In this
regard, the above combinations can be included in adenomyosis
sonography practice.

Zannoni et al. aimed to determine the diagnostic accuracy
of ultrasound features related to adenomyosis according to the
MUSA statement and two additional markers (question mark sign
and TVS uterine tenderness) (13). In the adenomyosis group,
compared to the control group, the question mark sign was
approximately 10 times higher and the uterine tenderness was
~2 times higher. It has been reported in the literature that the
question mark sign may be a marker of adenomyosis, which is
strongly associated with posterior deep infiltrating endometriosis
(14, 15). In that study, the question mark was proven to be an
independent marker of adenomyosis. The question mark sign
also showed great specificity (96%) and PPV (83%) for 2D TVS
features. The authors reported that these results suggest that the
question mark sign may have a broader application in diagnosing
adenomyosis than previously thought. It is known that there is a
relationship between adenomyosis and pelvic pain, especially in
patients with adenomyosis accompanied by endometriosis. The
use of TVS as a dynamic examination can indicate whether the
pain is due to gentle pressure and mobilization of the uterus. The
sensitivity of uterine tenderness was found to be 67.3%, and the
NPV was 81%.
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Several studies have described the relationship between
ultrasound features of adenomyosis and clinical outcomes (16—
18), but MUSA descriptions of ultrasound features have been
addressed in only one of them (18). It was reported that women
with TVS features of adenomyosis had more severe menstrual
pain than women without these features, and a positive correlation
was reported between the number of ultrasound features and
the severity of menstrual pain (18). The relationship between
the presence of one or more direct or indirect MUSA features
and clinical symptoms, as well as the relationship between the
number and size of features and their location and symptoms,
also needs to be further investigated. Since the reference standard
is hysterectomy, it is difficult to perform clinically useful
diagnostic accuracy studies in women with suspected adenomyosis
who are not planned for surgery. Additionally, there is no
common guideline regarding histopathological diagnostic criteria
for adenomyosis. For this reason, there is no standard approach
among pathologists (5).

Raimondo et al. evaluated the diagnostic performance of the
deep learning (DL) machine for the detection of adenomyosis on
uterine ultrasonographic images and compared it to intermediate
ultrasound skilled trainees (19). The DL model achieved a low
diagnostic performance for the detection of adenomyosis with an
accuracy of 51%, lower than that of intermediate-skilled trainees.
The sensitivity of the intermediate-skilled trainees was higher than
that of DL as well. However, the DL model showed potential for
excluding adenomyotic uteri, with higher specificity and NPV than
those of intermediate-skilled trainees (19).

The robustness of our study was underscored by several key
strengths. First, the utilization of an updated classification system,
optimized and standardized through the revised definitions of
MUSA features of adenomyosis, ensures a contemporary and
consistent framework for analysis. The incorporation of 3D TVS
for the examination of features adds a layer of sophistication to our
methodology, enabling a more nuanced and detailed assessment.
Conducting the study within a single tertiary center contributes
to result homogeneity, minimizing potential external influences.
The limitations of our study were its retrospective design, the
heterogeneity of hysterectomy indications, and the inclusion of
patients with multiple and large leiomyomas. Additionally, while
interobserver agreement assessment was conducted, intraobserver
agreement assessment was not performed.

In conclusion, this study shows that combinations with a
total number of features >4 can be practically used in the
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evaluation of adenomyosis using the revised definitions of MUSA
features. Prospective studies correlating ultrasound findings with
standardized histopathological criteria and clinical findings will
yield more accurate and precise results. Moreover, in the future, DL
will be used more effectively in the diagnosis of adenomyosis.
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Endometriosis is a chronic, estrogen-dependent, proinflammatory disease
that can cause various dysfunctions. The main clinical manifestations of
endometriosis include chronic pelvic pain and impaired fertility. The disease
is characterized by a spectrum of dysfunctions spanning hormonal signaling,
inflammation, immune dysregulation, angiogenesis, neurogenic inflammation,
epigenetic alterations, and tissue remodeling. Dysregulated hormonal signaling,
particularly involving estrogen and progesterone, drives abnormal growth and
survival of endometrial-like tissue outside the uterus. Chronic inflammation,
marked by immune cell infiltration and inflammatory mediator secretion,
perpetuates tissue damage and pain. Altered immune function, impaired
ectopic tissue clearance, and dysregulated cytokine production contribute to
immune dysregulation. Enhanced angiogenesis promotes lesion growth and
survival. Epigenetic modifications influence gene expression patterns, e.g.,
HSD11B1 gene, affecting disease pathogenesis. Endometriosis related changes
and infertility lead to depression in diagnosed women. Depression changes
lifestyle and induces physiological and immunological changes. A higher
rate of depression and anxiety has been reported in women diagnosed with
endometriosis, unleashing physiological, clinical and immune imbalances which
further accelerate chronic endometriosis or vice versa. Thus, both endometriosis
and depression are concomitantly part of a vicious cycle that enhance disease
complications. A multidimensional treatment strategy is needed which can
cater for both endometrial disease and depression and anxiety disorders.

KEYWORDS

estrogen, endometriosis, estrogen receptor, inflammation, depression, immune
imbalance

1 Introduction

Endometriosis stands as one of the commonly encountered benign gynecological
conditions in women, where endometrial glands and stroma exhibit extrauterine location,
with a prevalence ranging from 6 to 10% among those of reproductive age (1, 2). Aberrant
endometrial cells, characterized by genetic polymorphisms and proliferation rather than
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apoptosis, in response to local signals, lead to disease progression.
Additionally, these cells when anomalously displaced into the
peritoneal cavity, not only evade peritoneal destruction but also
exploit the immediate environment to sustain proliferation in a
clonal manner, while normal cells of the individual are systematically
removed. Despite its non-malignant character, the inflammatory and
erosive nature of the disease contributes to enduring alterations in a
womans life, manifesting as persistent pelvic pain, dysmenorrhea,
dyspareunia, and infertility (3). The disease can lead to additional
symptoms such as painful bowel movements or urination, excessive
bleeding, fatigue, diarrhea, constipation, bloating and nausea (4, 5).
The challenge is exacerbated by the recurrent delay in diagnosis
following the manifestation of symptoms and the restricted scope of
available intervention strategies. Despite the potential existence of
endometriotic lesions in asymptomatic women, a conclusive
diagnosis of endometriosis is typically established when the presence
of endometrial tissue or lesions is established beyond the confines of
the uterus, frequently through surgical means (6). Endometriosis
exhibits diverse classifications based on its anatomical location,
including superficial peritoneal lesions which is the most common,
ovarian endometrioma, deep sub-peritoneal infiltrating
endometriosis and adenomyoma, which represents internal
endometriosis within the myometrium (7). Endometriotic lesions
have been identified in extra-pelvic locations, such as upper
abdominal visceral organs, abdominal wall, diaphragm, and pleura,
as well as within the nervous system (8). Patients may exhibit various
forms concurrently.

The predominant classification method in use is an updated
scoring system established by the American Society for Reproductive
Medicine. This system is employed to ascertain the stage of
endometriosis, denoted by Roman numerals I to IV, which represent
the spectrum from ‘minimal’ to ‘severe. It involves an assessment of
type, location, appearance, depth of lesions, and an evaluation of
overall extent of disease as well as presence of adhesions (9). However,
grading using the ASRM criteria often demonstrates weak correlations
of the abundance and location of lesions with the type of lesions, and
symptoms of pain reported by patients, when compared to the disease
stage. The occurrence of endometriosis in asymptomatic women,
along with ambiguous reasons for its manifestation, contributes to
varying perspectives on considering endometriosis as a ‘syndrome’
(10). Diagnosis is typically established only when a patient presents
with both observable lesions and symptomatic manifestations.

An in-depth understanding of immune imbalance in
endometriosis related depression and vice versa may include enhanced
immune cell function, altered cytokine and chemokine levels and
malfunctioning of regulatory proteins such as growth factors. Major
immune cells such as macrophages, neutrophils, dendritic cells (DCs),
natural killer cells (NK cells), T cells, and B cells exhibit great
importance in the pathogenesis of endometriosis and depression.
Increased levels of macrophages were observed in the peritoneal fluid
of endometriotic patients (11). Neutrophil to lymphocyte ratio (NLR)
was shown to be a clinically relevant indicator of endometriosis and
associated outcomes. Increased NLR was also observed in a recent
study showing higher numbers of neutrophils in endometriosis
subjects (12, 13). Dendritic cells are important antigen presenting cells
and in endometriotic patients, peritoneal DCs are found to increase.
Furthermore, numbers of immature DCs are found to be greater as
compared to mature DCs (14).
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Endometriosis is associated with dysfunction in NK cell
cytotoxicity and immunomodulation, by tolerating or inhibiting
implantation, proliferation, and survival of endometrial cells,
impairing their ability to eliminate these cells at ectopic sites (15). This
review also sheds light on the role of the adaptive immune response
in endometriosis, including helper T and B cells, whose roles remain
incompletely understood. Several serum cytokines such as interleukins
(IL) IL1B, IL-5, IL-6, IL-7 and IL-12 are involved, and their levels were
found to be altered in endometriosis as compared to in healthy women
(16). Cytokines IL-6, IL-8, IL-10, TNF-a also have important roles in
the development of VEGE which is involved in the pathogenesis of
the disease (17-23).

Chronic stress or chronic depression events can modulate innate
and adaptive immune responses with the involvement of enhanced
inflammation and lowering the activity of immune protective cells
(24). Inflammatory responses can be increased in stress (25).
Furthermore, animal studies, showed that administration of
proinflammatory cytokines (TNF or IL-1p) affect the central nervous
system through decreased motor activity as well as increased social
alienation, disturbed sleep patterns, altered appetite, reduced water
intake and greater sensitivity to pain (26-28). Immune dysregulation
and associated outcomes are the hallmarks of endometriosis. Immune
dysregulation has also been shown to cause depression in susceptible
individuals and hence may be the primary cause of depression in
women with endometriosis.

Women diagnosed with endometriosis exhibit imbalanced
immunological states often because of which major lifestyle changes
are inevitable (29-31). Endometriosis patients may undergo mental
health issues such as depression, physiological stress and anxiety (32).
These women may bear day-to-day abdominal pain, painful bowel
movements or urination, excessive bleeding, fatigue, diarrhea,
constipation, bloating, nausea, fatigue and painful intercourse (4, 5),
leading to a stressful life. In chronic cases infertility is very common
(3, 33). This review aims to explore the potential links between
depression, immunological factors and endometriosis.

1.1 Literature search for the review article

An electronic literature search was meticulously carried out by
the authors S.S., M\W.AK, S.R., KM., QH., and W.AK,, as
published by Centini et al. (34). The search team evaluated the
existing literature on endometriosis, which included disease
identification, symptoms, diagnosis, pathogenesis and immune
dysregulations. The search was performed using the online medical
MEDLINE database (accessed via PubMed). Terminologies
included endometriosis, biomarkers, endometriotic symptoms and
diagnosis, gynecological issues in endometriosis, pathogenesis in
endometriosis, endometriotic depression. This review includes the
most updated published articles as well as original articles which
include randomized and non-randomized clinical trials, prospective
observational studies, retrospective cohort studies, and case-
control studies, review articles, and case reports. The selected
articles were further checked for relevance with the aim and
objective of the review. The bibliography of the selected articles was
thoroughly checked for additional relevant articles. This procedure
effectively helped in compiling more relevant, updated and high-
quality peer-reviewed articles, providing a nuanced understanding
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of the specified topics “endometriosis, depression, and their
associated immune imbalances.”

1.2 Etiology and incidence

Various physiological factors, including hormonal, metabolic,
neurological, and immunological elements, play a role in the processes
leading to the manifestation of symptoms. Epidemiological
investigations reveal an increased susceptibility to various cancers
(ovarian, breast and melanoma), rheumatoid arthritis, asthma and
cardiovascular disease among women with endometriosis lesions (10).
Endometriosis has familial incidence with heritability of up to 50%
(35). It has been reported that having a first degree relative with a
severe form of endometriosis raises the risk by up to seven times (36).
A study focusing solely on relatives of individuals with endometriosis
revealed that 16% of mothers and 22% of sisters of reproductive age
had received a surgical diagnosis of endometriosis (36). Genome-wide
association studies have found overrepresented single nucleotide
polymorphisms (SNPs) in cases of severe disease. Gynecological
disorders such as infertility, fibroids, and cancer were found to have
overlaps with common SNPs associated with endometriosis, the
etiology of which all involve steroid hormones (34, 37-40).

Additionally, five loci significantly associated with endometriosis
risk were identified through a meta-analysis of 11 GWAS datasets,
which genetically involved sex steroid hormone pathways (41).
Irregularities in the role of extracellular matrix protein signaling such
as fibronectin (42), laminin (43) and collagen (44) are implicated in
abnormal cell migration and adhesion, contributing to fibrosis.
Genomic studies have revealed associations between endometriosis
and various biological pathways and cellular regulators. Notably,
vezatin, a transmembrane adherens junctions’ protein, has been
implicated (45), along with vascular endothelial growth factor receptor
2 (VEGFR-2) (46), the mitogen activated protein (MAP) kinase
signaling cascade (47), IL1A (48), wingless related integration site
(WNT) signaling (49), and steroid metabolism (50). Meta-analysis has
highlighted common genetic signatures between migraine and
depression in endometriosis, of which depression underscores an
association with changes in gut mucosa (51). Additional determinants
for endometriosis are low BMI, low birth weight, lower parity,
Mullerian abnormalities, early menarche, short menstrual cycles or
heavy and prolonged menstrual flow. Scientific evidence indicates
variations in prevalence of endometriosis diagnosis across racial and
ethnic groups. A systematic review revealed that Asian women
exhibited an elevated risk, while Black women demonstrated a
reduced risk compared to White women. However, it is plausible that
these estimates may be influenced by biases linked to diagnosis and
healthcare accessibility (52). The prevalence of endometriosis amongst
Asian women of reproductive age is reported to range from 6.8% to as
high as 16% (53) (see Table 1).

2 Clinical symptoms and diagnosis

Medical diagnosis of endometriosis is often difficult and delayed
due to a lack of awareness and knowledge of the condition among
healthcare professionals and limited understanding of its pathogenesis
(35). Further, the complex nature of the disease as well as its
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TABLE 1 Meta-analysis of genome wide association studies on
endometriosis.

No. Article Reference Gene/
pathway
1 Gallagher et al., (37) WNT4, CDC42,
2019 GREBI, ESR1,
FSHB
2 Masuda et al., (38) GREB 1,
2020 LOC730100,
PDEIC, TNRC6B
3 Sapkota et al., (41, 50) WNT4, GREBI1,
2017, 2015 ETAAL, ILIA, KDR,
D4, 7p15.2,
CDKN2B, VEZT,
FN1, CCDC170,
SYNEL, 7p12.3,
FSHB

manifestations, varying from asymptomatic to its evident phenotypes,
add to a complicated diagnosis (3). Pelvic pain stands out as the
primary indicator of endometriosis, manifesting in various forms such
as dysmenorrhea, dyspareunia, or chronic pelvic pain (54). The
intensity of pelvic pain is correlated with type of lesion classification
and disease progression (55). Additional symptoms which are
commonly found in individuals with the disease include abdominal
discomfort, bloating, menometrorrhagia, lower back pain, and fatigue
(3). Surgery remains the main method of obtaining a conclusive
histopathological diagnosis, with Laparoscopy considered the gold
standard diagnostic test. However, prevailing guidelines advocate for
a non-surgical diagnostic approach reliant upon symptomatology,
physical examination outcomes, and imaging findings. This strategy
aims to mitigate delays in commencing treatment. In female patients
undergoing surgical interventions, more than 50% will necessitate
subsequent surgical interventions within a five-year timeframe (1).
Numerous hormonal medical interventions are associated with
adverse effects (56).

Research indicates that the greatest prevalence of endometriosis
is observed between 25 and 29 years of age (57). However, there is
often a significant diagnostic delay, with the average time from the
onset of first symptoms to final diagnosis ranging from 4.4 years in the
United States to 10.4 years in Germany (58, 59). The primary reasons
for this delay may include intermittent use of contraceptives,
misdiagnosis, and self-treatment of pain with over-the-counter
painkillers. These findings align with the presented study’s results,
which report a mean age of 26.9 years at the time of disease recognition
and symptom onset ranging from 18.8years for dysmenorrhea to
24.0years for dyspareunia. This underscores the importance of early
and accurate diagnosis to mitigate prolonged suffering and improve
patient outcomes.

Central sensitization (CS) is a type of nociplastic pain
characterized by a central nervous system response to peripheral
nociceptive or neuropathic triggers, often seen in patients with
chronic pains (60). Symptoms of CS include chronic pain, allodynia
(pain from stimuli that do not usually provoke pain), hypersensitivity,
hyperalgesia (increased sensitivity to painful stimuli), and mood
changes (anxiety, panic attacks, and depression) (61-63). A Central
Sensitization Inventory (CSI) score of 40 or higher has been effective
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in identifying CS in women with chronic pelvic pain, including those
with endometriosis (62, 64). In a recent study, it has been showed that
in endometriosis patients, CS can significantly worsen pain symptoms
and is prevalent particularly among those with moderate to severe
chronic pelvic pain, involvement of the posterolateral parametrium,
high tone pelvic floor (HTF), and comorbid with central sensitivity
syndromes like irritable bowel syndrome, anxiety, migraines or severe
headaches (65). Therefore, recognizing and addressing CS is crucial
for early and accurate diagnosis to mitigate prolonged suffering and
improve endometriosis patient outcomes.

The need for reliable noninvasive biomarkers for the diagnosis,
potential treatment response and disease prognosis persists as a
significant unaddressed requirement. While certain types of
endometriosis diagnosis can be expedited through imaging modalities,
progress towards validating a dependable noninvasive blood test has
been sluggish thus far (66). Other non-surgical diagnostic methods
such as transvaginal ultrasonography and magnetic resonance
imaging (MRI) have enabled identification of deep endometriosis
types (67).

3 Hormones

Female sex hormones, estrogen and progesterone, play critical
roles in the pathogenesis of endometriosis. Increased levels of estrogen
with decreased progesterone receptor pathway signaling are implicated
in disease pathogenesis (Figure 1).

3.1 Enhanced estrogen production

Elevated estrogen production consistently emerges as a
dysregulated endocrine characteristic in eutopic endometrium and
ectopic endometriotic lesions. The predominant estrogen, estradiol
(E2), has a pivotal role in the post-menstrual endometrial regeneration
(7). Both proliferation of endothelial cells and the re-establishment of
microvasculature in this layer are orchestrated by E2, through
interactions with its estrogen receptors (ERs), ERa and ERp (68).
Distinct intracellular localizations of the ERs lead to intricately
coordinated and precisely regulated estrogen (E2) signaling pathways,
which govern cellular proliferation, differentiation, and apoptosis.
Endometrial E2 predominantly originates from the ovaries and, to a
lesser extent, from adipocytes and the adrenal gland, transported to
tissues through the circulatory system (69). Aromatase P450
(aromP450) is a rate limiting hormone in estrogen biosynthesis that
catalyzes the conversion of androgens to estrogen, with subsequent
transformation into E2 facilitated by 17p-hydroxysteroid
dehydrogenase type 1 (I7BHSDT1) (70). Prostaglandin E2 (PGE2)
synthesis step is initiated by the rate-limiting cyclooxygenase-2
(COX-2) enzyme, acting on arachidonic acid, inducing dose-
dependent aromP450 synthesis in endometriotic lesions (69). In
healthy women’s endometrium, aromP450 activity is negligible (71).
Cell-specific and menstrual cycle phase-dependent expression of
receptors that bind to estrogens (ERa, ERf and GPER1), androgens,
progestins and glucocorticoids are observed in the healthy
endometrium (72). However, both the endometrium and ectopic
endometriotic lesions in women with endometriosis exhibit
significantly elevated levels of aromP450, facilitating local E2
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production. The capacity of the lesion to independently generate E2,
coupled with the synthesis of the necessary enzymes, may enhance
intraperitoneal endometriotic tissue implantation (56). It has been
observed that the expression of ER is extraordinarily higher in
stromal cells of women with endometriosis as compared to ERa. It is
suggested that rather than just estrogen dependent, endometriosis
should be considered steroid-dependent. Thus, the abnormal
functioning of estrogen, its receptors, and estradiol synthesis-related
enzymes is closely associated with endometriosis.

3.2 Progesterone resistance

Progesterone is the dominant hormone in the secretory phase
of the menstrual cycle, where it counteracts effects of estrogen and
prepares the uterus for supporting an embryo. It plays a decisive
role in facilitating the differentiation of endometrial epithelial and
stromal cells. Suppressed progesterone receptor (PR) expression, a
characteristic feature of endometriosis, leads to resistance to
progesterone and contributes to the development of severe
endometriosis conditions (Figure 1). Endometriotic stromal cells
demonstrate resistance to progesterone with reduced responsiveness
to hormone (73). This diminished communication between stromal
and epithelial cells leads to a subsequent elevation in the expression
of ERP within endometriotic lesions and stromal cells (1). PR-A and
PR-B are the two functionally distinct receptor isoforms which
interact with progesterone. In mice, the absence of PR-A results in
abnormalities in the ovary and uterus, while the lack of PR-B has
negligible impact on their function (74). Notably, the transcript for
both receptor isoforms originate from the same gene, with PR-A
having a shorter transcript than PR-B. This structure allows
transrepression of PR-B and other nuclear receptors (75). Lesions
in endometriosis exhibit a deficiency in PR-B expression, with
minimal expression of the transrepressor PR-A, offering molecular
substantiation for progesterone resistance. Subsequently, this leads
to elevated local levels of estrogen (E2) as progesterone fails to
stimulate 17f-hydroxysteroid dehydrogenase type 2 (17f-
HSDT2) (69).

4 Aberrant vascularisation

The normal endometrium constitutes a steroid responsive tissue
comprising richly vascularized epithelial and stromal cells as well as a
diverse range of immune cells. Cells released from this tissue during
menstruation encompass epithelial cells, stromal fibroblasts, vascular
cells, and immune cells (neutrophils, monocytes, macrophages and
uterine natural killer cells) (76). In retrograde menstruation, these cell
types can potentially lead to lesions provided they maintain viability
and evade the innate immune response and clearance within the
intraperitoneal space. The three most implicated cells in peritoneal
lesions are stem/progenitor cells, stromal fibroblasts, and immune
cells, particularly stromal and immune cells, which play pivotal roles.

Endometriosis is postulated to originate due to endometrial
fragment implantation within the peritoneal space. It potentially
employs angiogenesis and vasculogenesis mechanisms to develop
vascularization, essential for its sustenance (77, 78). The viability of
endometriotic implants within the peritoneal cavity relies on
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establishing a blood supply to deliver oxygen and nutrients to the
developing lesions. Concurrent with endometrial growth, the
endometrial vasculature undergoes cyclical proliferation and
regeneration orchestrated by ovarian steroids, particularly E2.
Vascular endothelial growth factor (VEGF) serves a pivotal function
in initiating angiogenesis in endometriosis, particularly in ectopic
lesions (69, 79). As a vasoactive agent, it participates in numerous
physiological functions, such reestablishment of a vascular network
and subsequent healing of the uterus, by modulating proliferation
and migration of endothelial cells. Heightened expression of VEGF
mRNA in the superficial endometrial layer was reported during both
the two phases of the uterine cycle, i.e., proliferative and secretory,
suggesting ongoing angiogenesis (80). Furthermore, it was also
demonstrated that estradiol was responsible for stimulating
expression of VEGF in endometrial cells. Administration of E2
resulted in elevated levels of VEGF mRNA expression compared to
endometrial cells not exposed to E2 stimulation. Given the intrinsic
angiogenic capacity of healthy endometrium regulated by estradiol,
it becomes apparent that dysregulated VEGF expression and E2 levels
promote neovascularization in lesions, facilitating their establishment
in ectopic sites. Studies indicate that peritoneal fluid (PF) from
subjects with advanced endometriosis harbors elevated VEGF
concentrations versus those with mild disease or healthy individuals
(81). Various immune cells participate in angiogenesis by generating
and subsequently increasing levels of proinflammatory and
angiogenic cytokines, as well as cellular adhesion factors within the
PE surrounding endometriotic lesions. Secretion of VEGF by
neutrophils and macrophages within intraperitoneal lesions facilitates
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angiogenesis (82). Disruptions in peritoneal homeostasis, coupled
with the induction of proinflammatory and proangiogenic cytokine
production in endometriosis, collectively contribute to modified
innervation and the modulation of pain pathways in affected
individuals (54). DCs have also been linked to angiogenesis (83). This
was evidenced by a study revealing heightened perivascular
localization of VEGFR-2 secreting immature dendritic cells within
such lesions. These DCs exhibited the ability to stimulate endothelial
cell migration in vitro. Intraperitoneal DCs in the peritoneal cavity
led to the development of endometriotic lesions in the murine model
(84). An investigation employing a transgenic murine model
featuring diphtheria toxin mediated conditional depletion of DCs,
scientists observed that endometriotic lesions in DC-depleted mice
exhibited notable increased size versus control counterparts, along
with reduced CD69 expression, indicative of antigen stimulated T
and natural killer cell activation. These results underscore the direct
involvement of DCs in regulating the angiogenic process and
modulating immune activation subsets during the development of
lesions (85). Endometrial cells exhibit enhanced resistance to cell
mediated immunity, alongside enhanced proliferation and heightened
aromatase expression, culminating in elevated estrogen levels (69,
70, 86).

Comparative studies investigating stromal fibroblast phenotypes
in women with endometriosis have revealed behavioral disparities,
notably epigenetic alterations leading to aberrant responses to
estrogen (87). It is plausible that cell plasticity evolved to expedite
endometrial repair post-menstruation, leading to multicellular lesion
formation in extrauterine locations. Mechanistic similarities between
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menstrual regulation and lesion formation encompass transient
hypoxia (88), iron release, and platelet activation (89, 90).

5 Immune dysfunction

Endometrial lesions adhere to the peritoneum or are closely
associated with the ovaries, exposing them to an altered peritoneal
environment comprising immune cells, cytokines, and regulatory
proteins such as growth factors, with a high potential for anomalous
behavior of these entities. Endometriosis animal model studies are
suggestive of the fact that immune cells within lesions consist of a
combination of cells from endometrial shedding as well as cells from
peritoneal microenvironment (91). Fragments of endometrial tissue
elicit intraperitoneal inflammation, which results in activation and
recruitment of neutrophils and macrophages to the area. Hence,
women with the disease often exhibit elevated concentrations of
activated macrophages secreting proinflammatory and chemotactic
cytokines in the peritoneal fluid (92). Given that various estrogen
receptors are expressed on both macrophages and nerve fibers,
estrogen is postulated to modulate macrophage and nerve fibers
behavior. Thus, estrogen regulation encompasses macrophage
recruitment, atypical neurogenesis atypical inflammation observed in
endometriosis (93).

5.1 Cytokines

Several studies were conducted for the involvement of cytokines
in the pathogenesis of endometriosis (Figure 1) (16-23). Multan et al.,
found that serum cytokines IL1p, IL-5, IL-6, IL-7 and IL-12 levels
were elevated in serum samples of endometriosis patients compared
to normal women (16). Cytokines (IL-6, IL-8, IL-10, TNF-a) and
chemokines (CCL-2) as well as growth factor VEGF increased in
peritoneal fluid of patients (18-23).

Nerve fibers demonstrate an exceptional capacity to recruit
macrophages to the injury site. Numerous mediators identified in this
process including leukemia inhibitory factor, IL1a, IL1f (94) and
pancreatitis-associated protein 3 (PAP3) (95). Estrogen has also been
shown to promote colony-stimulating factor 1 and C-C motif ligand
2 (CCL2) secretions from PNS, thereby amplifying macrophage
movement towards lesions (96). Additionally, macrophages contribute
to the proliferation of peritoneal implants and act as significant
sources of angiogenic factors like TNF-a and IL-8. They also
contribute to hypoxia-induced angiogenesis (92).

Endometriosis, like cancer, can be categorized as a metabolic
disorder. Under the influence of transforming TGF-p1, tumor cells
adopt aerobic glycolytic phenotype, leading to enhanced lactate
secretion and accumulation (97). Elevated levels of TGF-f1 and lactate
are observed in endometriotic PE Concurrently, there is a shift from
typical mitochondrial phosphorylation to glycolysis in the mesothelial
cells lining the peritoneum to support cell survival in a tumor like
microenvironment (98). Like in tumorigenesis, endometrial cells also
exhibit the Warburg effect, where cells adjacent to tumors exhibit a
programmed utilization of aerobic glycolysis induced by TGF-f1,
leading to lactate production. This lactate serves as a nutrient source
for neighboring tumor cells, thereby establishing a cohesive metabolic
microenvironment conducive to tumor progression (99). Lactate
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induces lactylation or the covalent modification of lysine residues on
histones and other proteins. Research findings indicate that elevated
levels of lactate and lactate dehydrogenase-A, contribute to enhanced
lactylation of histone H3 lysine 18 in ectopic endometrial tissues and
ectopic endometrial stromal cells, compared to normal cells (100).
Furthermore, lactate promotes cell proliferation, migration, and
invasion in endometriosis progression, further linked to immune
suppression and possible transformation to a malignant form.

5.2 Macrophages

Macrophages represent the predominant immune cell population
in the peritoneum. Alterations in macrophage phenotype, or
polarization, are linked to significant metabolic shifts. The peritoneal
fluid of patients with endometriosis exhibits increased levels of
macrophages (11), as shown in Figure 1. These macrophages do not
effectively clear endometrial tissue; instead, they significantly
contribute to high levels of cytokines (95). Proinflammatory
macrophages primarily rely on glycolysis, whereas anti-inflammatory
M2 macrophages exhibit a greater dependence on oxidative
phosphorylation (101). Moreover, macrophages produce angiogenic
mediators, such as TNF-a and IL-8, thereby promoting the growth of
lesions (102). While macrophages appear to play a role in the growth
and development of endometriotic tissue, depletion of macrophages
does not prevent the implantation of endometrial cells in
the peritoneum.

5.3 Neutrophils

Neutrophils are postulated to essay a pivotal role in endometriosis
pathogenesis. Neutrophils significantly contribute to the resolution of
inflammatory responses. A study found that when neutrophils from
healthy women were exposed to endometrial plasma or PE, reduced
neutrophil apoptosis was observed versus controls, elucidating the
presence of antiapoptotic factors in the plasma and PF (12).
Interleukin-8 stood out in the study due to its proinflammatory nature
and its involvement in chemotaxis

neutrophil during

inflammation (12).

5.4 Dendritic cells

Denderitic cells are antigen-presenting cells which initiate and
modulate adaptive immune responses. DCs additionally serve a
crucial function in the prevention of autoimmunity by functioning
as mobile sentinels. They transport self-antigens to naive T cells
residing in lymphoid organs, thereby facilitating the induction of
self-tolerance (103). In healthy women, immature dendritic cells
are absent from the peritoneal membrane. In endometriosis they
are present within endometriotic lesions and adjacent to
peritoneum. Additionally, the numbers of mature DCs are
significantly reduced in the endometrium throughout the menstrual
cycle in women with endometriosis compared to those with healthy
endometrium (Figure 1). Endometriotic conditions may impede
the maturation of immature DCs and prompt their transition into
a macrophage phenotype. Moreover, the progression and
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vascularization of lesions necessitate the presence of endogenous
DCs, which infiltrate these lesions and augment endothelial cell
migration through the secretion of proangiogenic factors (104). In
murine models, the cell density of peritoneal dendritic cells
increased promptly following the injection of endometrial tissues,
peaking at 14 days. The proportion of mature DCs within peritoneal
DCs initially decreased post-injection, then gradually rose over
time, although remaining lower than the control group at 42 days.
Conversely, the proportion of immature DCs exhibited contrasting
changes (14). The administration of lipopolysaccharide resulted in
a significant increase in mature DCs proportion, consequently
leading to reduced volume and weight of endometriosis lesions.
While DC maturation suppresses the angiogenic response,
immature DCs actively promote angiogenesis and lesion growth,
thus undergoing a shift in their immunological function from
and the

antigen presentation to supporting angiogenesis

progression of the disease.

5.5 Natural killer

NK cells are cytotoxic effector lymphocytes of the innate immune
response characterized by their capacity to induce lysis of target cells
independent of prior antigen exposure. Endometriosis is associated
with a dysfunction in NK cell cytotoxicity and immunomodulation,
by tolerating or inhibiting implantation, proliferation, and survival of
endometrial cells, impairing their ability to eliminate these cells at
ectopic sites (15). A study identified soluble immunosuppressive
factors present in the media of both normal endometrial cells and
endometriotic stromal cells. Healthy endometrium possesses
immunosuppressive capabilities against NK cell cytotoxicity,
potentially facilitating embryo implantation (Figure 1). However, in
endometriosis, the immunosuppression is more pronounced,
potentially allowing retrogradely displaced endometrial tissue to
develop into lesions within the peritoneal environment (105).
Functional defects and dysregulation of NK cell cytotoxicity are
attributed to various cytokines and inhibitory factors present in both
serum and PE The reduction in NK cytotoxicity appears to result from
functional defects. The dysregulated cytotoxicity of peritoneal NK
cells in endometriosis can be attributed to various cytokines (IL-6,
IL-8, IL-1p, IFN-y, and TNF-a) and inhibitory factors present in both
serum and peritoneal fluid. Also, for such patients, there is a notable
reduction in the populations of mature NK cells (CD32CD56+), while
immature NK cells are elevated in the PE, leading to apoptosis (106).
The observed abnormalities in NK cells among women with
endometriosis may indeed be outcomes resulting from the local
regulation of microenvironment due to the pathology itself.

Treatment modalities such as inhibition of receptor-ligand
interactions involving KIR2DL1, NKG2A, LILRB1/2, and PD-1/
PD-L1, TGF-p; stimulation of NK cells via IL-2; and mycobacterial
therapy utilizing Bacillus Calmette-Guérin (BCG) (82, 107-109).
Moreover, ongoing research is exploring the potential of adoptive NK
cell therapy for managing endometriosis. Endometriosis holds
promise as a candidate for immunotherapy aimed at blocking negative
regulatory checkpoints of NK cells, such as inhibitory NK cell
receptors. Attenuating the cellular cytotoxicity of NK cells could
potentially mitigate the progression of pelvic pain in individuals
affected by the disease. The principal inhibitory receptors on NK cells,
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which are potential checkpoints for eradication of ectopic endometrial
tissue, are leukocyte immunoglobulin-like receptors (LILRs).

5.6 Tand B cells

Adaptive immune response entails helper T and B cells, in
endometriosis, which remains incompletely understood. A study
showed that a higher number of CD8 T cells are present in
endometriotic lesions compared to eutopic endometrium (110).
However, in blood circulation the CD8 T cell populations show no
difference between patients and healthy women. It has been noted that
CD8 T cell cytotoxicity is enhanced in menstrual effluent of patients,
specifically CD8 T effector memory cells are enriched in eutopic
endometrium of patients (Figure 1) (110).

Suppressed CD4 T cells have been reported in endometriosis due to
the systemic and local alterations in immune responses (Figure 1). These
impaired CD4 T cells potentially contribute to the pathogenesis of
endometriosis disease through cytokines, which are important for
implantation and proliferation of ectopic endometrial cells, inflammation
and angiogenesis (111). In women with this condition, there appears to
be a bias towards Th2 cell polarization, as evidenced by robust
intracellular IL-4 expression and the absence of IL-2 in ectopic lesion
derived lymphocytes (82). The equilibrium of CD4 cells in endometriosis
remains contentious, with studies indicating reduced activation of both
Th1 and Th2 cells in the peritoneal fluid of affected individuals (110).

Regulatory T (Treg) cells constitute a distinct subset within the T cell
population, balancing immunological self-tolerance and homeostasis,
thus modulating the immune system’s response to prevent excessive
reactions against the host (97). Nevertheless, the precise involvement
and significance of Treg cells in the context of endometriosis remain
inadequately elucidated. The Forkhead box 3 protein (Foxp3), identified
as a pivotal transcriptional factor, serves as a master regulator gene
governing the differentiation of CD4+ Treg cells (112). Berbic et al.
(113), demonstrated heightened expression levels of Foxp3 within both
eutopic and ectopic endometrial tissues during the secretory phase of
the menstrual cycle in patients afflicted with endometriosis.
Furthermore, elevated Foxp3 expression at the messenger RNA level
within ovarian endometrioma tissue (114), along with a relatively higher
ratio of CD4 + Foxp3+ cells within the CD4+ cell population (115).

Additionally, recent studies have shown a significant increase in
the proportion of CD4 + CD25hiFoxp3+ cells within the PF, but not
in peripheral blood, of endometriosis patients, as opposed to those
without the disease (Figure 1) (116, 117). These collective findings
proved the abundance of Treg cells within localized endometrial
lesions, implicating their potential involvement in the pathophysiology
of endometriosis.

Additionally, heightened activation of B cells has been observed
in both eutopic endometrium and lesions compared to healthy
endometrium. Notably, the presence of anti-endometrial antibodies
in the serum of endometriosis subjects has led to its occasional
classification as an autoimmune disease (118).

5.7 Stem cells

Traditional hypotheses concerning the development of

endometriotic lesions have lacked detailed mechanistic explanations
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for their proliferation and survival until recent studies revealed the
involvement of mesenchymal stem cells (MSCs) and myeloid-derived
suppressor cells (MDSCs) within a complex network of immune-
endocrine signaling. MDSCs typically have strong immunosuppressive
and angiogenic characteristics and are found in low numbers in
healthy tissue. However, their accumulation is linked to interactions
with inflammatory cytokines and has been implicated in several
inflammatory diseases. Increased levels of these pro-inflammatory
cytokines within the PF of individuals with endometriosis-associated
pain may influence the differentiation of monocytes into
MDSCs (119).

6 Immunological pathogenesis of
endometriosis

Estrogen dominance fosters immune dysregulation, whereby
many features observed in endometriosis mirror immune processes
observed in various cancers, including heightened somatic mutations
in endometrial epithelial cells. This elevated mutational burden
contributes to the development of endometriosis-specific neoantigens,
potentially altering the immune microenvironment of the lesions.
Additionally, endometriosis often coexists with several chronic
inflammatory conditions, characterized by shared dysregulation of the
IL-23/IL-17 pathway, as evidenced in inflammatory bowel disease,
psoriasis, and rheumatoid arthritis (120).

The crosstalk between immune cells, nerves, and central pain
pathways plays a significant role in the pathophysiology of
endometriosis. Endometrium is unique among mucosal tissues in the
body in that it typically lacks innervation under normal physiological
conditions. Nerve fibers are rare within the functional layer of the
endometrium in women without any pathology (121). Sensory nerves
surrounding endometriotic lesions drive the chronic pain associated
with the condition and contribute to a pro-growth phenotype (122).
Substantial alterations in nerve activity occur both within
endometriotic lesions and the nervous system. Studies indicate that
women experiencing pain symptoms associated with endometriosis
exhibit notably higher nerve fiber density within the endometrium,
myometrium and lesions as compared to those without the condition
(123). Nerve fibers within endometriotic lesions consist of a
combination of sensory, sympathetic, and parasympathetic fibers,
collectively contributing to pain and inflammatory processes (124).
The pain associated with endometriosis implies neuronal mechanisms
that culminate in CS.

The interplay between macrophages and nerve fibers fosters
inflammation and pain manifestations in endometriosis. Given their
abundance within endometriotic lesions, macrophages stimulate
sensory innervation and sensitization, thereby contributing to lesion
proliferation and the prevalent pain experienced in endometriosis (19,
23). Moreover, immune cells release pro-nociceptive and
pro-inflammatory mediators that can sensitize nerve fibers, leading to
neurogenic inflammation (125). This communication between
immune cells and nerves presents promising avenues for therapeutic
interventions in endometriosis.

Prostaglandins, particularly prostaglandin E2 (PGE2), also play a
significant role in the pathophysiology of endometriosis, contributing
to pain and inflammation. Women with endometriosis produce an
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excess of PGE2, which is responsible for uterine contractions, pain,
and inflammation (126). PGE2 is upregulated in the peritoneal cavity
in endometriosis and is produced by macrophages and ectopic
endometrial cells (127). It is involved in the development and
continued growth of endometriosis, as it increases estrogen synthesis,
inhibits apoptosis, promotes cell proliferation, affects leukocyte
populations, and promotes angiogenesis (127). The presence of
endometriosis lesions can trigger inflammation, which further
promotes PGE2 activity (128). The release of PGE2 is associated with
the development of symptoms and the progression of endometriosis,
making it a potential target for therapeutic interventions. These
changes in nerve activity contribute to the complex and debilitating
pain experienced by individuals with endometriosis. However, the use
of painkillers or non-steroidal anti-inflammatory drugs (NSAIDs)
alone is not always ideal for managing endometriosis pain, as they
may have limited efficacy and potential adverse effects (1). Therefore,
understanding the role of PGE2 in endometriosis is important for
developing targeted treatment strategies to address the associated pain
and inflammation.

/7 Clinical consequences of depression
in endometriosis

Endometriosis changes the lifestyle of women and may lead to
mental health issues such as depression, physiological stress and
anxiety as depicted in Figure 1. Endometriosis is linked to
psychological disorders in several ways. The disease in chronic stage
can cause life impacting abdominal pain during periods, painful
bowel movements or urination, chronic pelvic pain, excessive
bleeding, fatigue, diarrhea, constipation, bloating, nausea, fatigue and
painful intercourse (Figure 2), leading to a compromised quality of life
and in several cases infertility. These co-occurring conditions may
cause stress, anxiety and psychological disorders (4, 5).

A study conducted by Pope et al. (129) highlighted the correlation
between endometriosis and a diverse array of psychiatric symptoms,
notably depression, anxiety, psychosocial stress, and diminished
quality of life. Recent literature further substantiates the prevalence of
depression and anxiety as the predominant psychiatric comorbidities
in individuals with endometriosis (129-136). In an investigation by
Low et al. (137), for the potential role of a distinct psychological profile
associated with endometriosis, the author included 81 women
participants in the study who were experiencing pelvic pain. Of these,
40 were diagnosed with endometriosis disease and 41 presenting with
alternative gynecological issues. All the subjects underwent evaluation
through six standardized psychometric assessments, including the
Eysenck Personality Questionnaire (EPQ), Beck Depression Inventory
(BDI), General Health Questionnaire, State-Trait Anxiety Inventory
(STAI), The Golombok Rust Inventory of Marital State, and The Short-
Form McGill Pain Questionnaire. In assessments using these criteria,
the endometriosis patients exhibited increased level of psychoticism,
introversion and anxiety scores than women with other gynecological
issues (138).

In a recent study conducted by Warzecha et al. (139), 15.1% of
women with endometriosis were diagnosed with depression which
aligns with findings by Fried et al., who reported a 14.5% incidence
of depressive symptoms. In another study the incidence of symptoms
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FIGURE 2
Various health issues in individuals with chronic endometriosis.

of anxiety were estimated to be 29% among Austrian women with
endometriosis (130). A meta-analysis by Gambadauro et al. (140),
encompassing 24 studies and 99,614 women, confirmed higher
levels of depression in such subjects. Researchers indicate that
women with endometriosis accompanied by pelvic pain, the rate of
depressive symptoms is significantly higher than in cases of
This that
endometriosis associated complications such as pain may be a more

endometriosis without pain. evidence suggests
critical factor in the development of depressive symptoms than the
presence of endometriosis alone (140). Furthermore, Warzecha et al.
(140), revealed that the mean age at the onset of depressive
symptoms among women with endometriosis was 22.2 years, which
is closely aligned with the age range for the onset of endometriosis
symptoms between 18.8 and 24 years. Additionally, the study found
that certain types of pain, specifically chronic pelvic pain and painful
defecation, significantly increased the incidence of depressive
symptoms (140). These findings underscore the profound impact
that specific pain manifestations can have on the mental health of
women suffering from endometriosis. In these studies, clinicians
caring for women with chronic pelvic pain, particularly when
coexisting with endometriosis, should be cognizant of the elevated
risk of depressive disorders in this population. Understanding the
strong correlation between chronic pain and mental health is
essential for providing holistic care. Early recognition and
intervention for depressive symptoms in these patients can
significantly improve their overall quality of life and
treatment outcomes.

Another study based on meta-analysis included 18 relevant
quantitative studies (129). Out of the 18 studies, 17 included clinical
patients’ samples. Fourteen out of eighteen studies indicated that

endometriosis or chronic pelvic pain significantly impaired at least
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some aspects of psychological functioning, mental health, elevated
risk for depression, hypomanic, or anxiety symptoms among
affected women.

From the 18 studies, 4 studies (137, 141-143) used clinical
diagnostic criteria to assess psychiatric diagnosis. Out of these 4
studies, 3 were used as comparator group (137, 141, 142). From the
clinical samples of women (age from late teens to mid-40s), 37% of
participants showed endometriosis and 50% exhibited pelvic pain
with a reported family history of mood disorders. From the 3
comparator group studies, 2 showed higher risk of psychiatric
disorders in women with endometriosis (137, 141). Data from these
three studies exhibited that 44 (56%) of the 79 women with
endometriosis met the criteria for at least one psychiatric disorder.

Another study was conducted on a Brazilian population including
103 women with an age range of 15 to 49 years (average age 33.4 years)
(144). Out of 103 patients, 53 (51.5%) were diagnosed with
endometriosis and 50 (48.5%) without endometriosis (control).
Subjects were evaluated using a questionnaire (Beck Depression
Inventory) providing different levels of depression (mild, moderate,
moderate to severe, and severe). Based on the questionnaire,
symptoms for depression were observed in 35 (66%) women with
endometriosis. Out of these, 20 (37.7%) women showed mild
depression, 4 women (7.5%) exhibited mild to moderate, 6 women
(11.3%) were found to have moderate to severe depression, and 5
(9.4%) women had severe depression. However, according to the
Fisher’s exact test, there was no relationship between endometriosis
and depressive symptoms (p =0.423) (144).

Traumatic stress is very likely in endometriosis diagnosed women
compared with the women without endometriosis (145, 146). Harris
et al. concluded in a study that children who experienced physical or
sexual abuse were likely to develop endometriosis in later stages of life
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(147). Post-traumatic stress disorder and childhood trauma can
impact individuals and may contribute to the development of
depression at an early stage (148). Furthermore, a study conducted by
Reis et al., showed that depression or stress in the early stages of life
may be considered an important factor for the development of
endometriosis (149). The persistence of such conditions over a long
period of time may lead to hormonal imbalance, neuroendocrine
dysfunction, chronic inflammation which are leading factors in the
development of depression and endometriosis (146, 150).

8 Immunological aspects of
depression in endometriosis

Depression is very much associated with the secretion or
formation of proinflammatory molecules such as IL-6, IFN-y, TNF-a,
and IL1P (151-153). Additionally, depression also enhances oxidative
stress and increases oxidative molecules such as protein bound
carbonyl content and methylglyoxal (151, 152, 154). A study revealed
that methylglyoxal, which is a well-known reactive metabolite, plays
a vital role in various central nervous system associated cognitive
functions and can be linked to stress, depression, anxiety, and
neurodegenerative diseases (154, 155). Numerous studies conducted
in this area have proven that endometriosis is strongly linked with the
increased risk of psychological depression, anxiety, and eating
disorders (156).

Studies indicated that endometriosis patients have an increased
incidence of autoimmune diseases and cancer (157-159). Women
diagnosed with endometriosis are more prone to several autoimmune
diseases such as multiple sclerosis, rheumatoid arthritis, inflammatory
bowel disease, systemic lupus erythematosus, and Sjogren’s Syndrome
(159, 160). Higher estrogen levels in women during endometriosis
lead to the modification of macromolecules like insulin, serum
albumin etc. (161-163). These modifications not only compromise the
functioning of these macromolecules but also lead to the formation of
neo-antigens on these molecules that activate a cascade of the
reactions causing production of autoantibodies (161-163). Higher
levels of autoantibodies were detected in patients with depression
(161-163). These elevated levels of autoantibodies, together with
several pathological complications in endometriosis as discussed
above, further aggravate the disease to extremely severe levels.

T cell involvement in depression has not been investigated in
detail. Some studies conducted in this area revealed that T cell
responses decrease in depression (164-166). T cell responses were
found to decrease against antigens encountered in the skin of
depressed individuals (164, 167). In a meta-analysis conducted by
Zorrilla et al. (166), depression was associated with a decreased
percentage of T cells. CD4+ T cells in depressed individuals exhibited
increased expression of Fas (CD95) which is known as death receptor
as it triggers apoptosis when it interacts with its ligand (168, 169).

T cell function can be inhibited by glucocorticoid pathways in
major depression. Increased levels of glucocorticoids in circulatory
blood are hallmark of depression (170). Glucocorticoids mediate cell
migration and induce apoptosis of immune cells including T cells
(166, 171). Endometriosis is characterized by elevated expression of
the HSDI11BI gene, which converts inactive cortisone to cortisol, a
biologically potent glucocorticoid in peripheral tissues. Receptor for
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glucocorticoid expression increases up to 3.5-fold in endometriosis.
The interaction of higher levels of glucocorticoids with increased level
of receptors in endometriosis may increase the proinflammatory
environment surrounding the endometriotic lesion and enhance the
activity that supports endometriotic cell survival (172). Higher levels
of glucocorticoids also induce infertility in women. Infertility
treatment, which are often long and painful processes, as well as the
condition itself induce depression and compromises in quality of life.
Finally, it has been suggested that chronic endometriosis arises
due to various dysfunctions imbalances and may lead to infertility
which may cause women to develop depression and subsequently
unleash further physiological, clinical and immune imbalances which
further accelerate chronic endometriosis or vice versa (Figure 3).
Thus, both endometriosis and depression concomitantly develop a
vicious cycle which enhance and exacerbate disease complications.

9 Links between depression and
immunological factors for potential
malignant transformation of
endometriosis

Although endometriosis is classified as a benign disease, it has the
potential to transform into malignancy, which occurs in about 1% of
endometriosis patients (173, 174). This malignant transformation
most frequently affects the ovaries, with ovarian endometrioid
carcinoma and ovarian clear cell carcinoma being the most common
types. These two malignancies account for 76% of all endometriosis-
related ovarian cancers (174, 175).

Recently, several carcinogenic pathways have been identified for
endometriosis-related malignant transformation. Uncontrolled cell
division, tissue infiltration, neoangiogenesis, and apoptosis evasion
may result from oncogene demethylation and tumor suppressor gene
hypermethylation (173, 174). Key events include hypermethylation of
the hMLH1 gene promoter, reducing DNA mismatch repair gene
expression, and hypomethylation of LINE-1. Tumor suppressor genes
RUNX3 and RASSF2 are inactivated by promoter hypermethylation
(173). In endometrioid cancer, KRAS oncogene activation and PTEN
tumor suppressor gene inactivation is significant (175, 176). Loss of
PTEN activity, an early event in malignant transformation, is linked
to PTEN gene mutations (177). Additionally, somatic mutations in
cancer driver genes ARIDIA, PIK3CA, KRAS, and PPP2RIA are found
in deep infiltrating endometriosis (178).

A recent meta-analysis study conducted by Centini et al. (34),
focusses on atypical endometriosis, which is present in 12-35% of
ovarian endometriosis cases and 60-80% of endometriosis associated
ovarian cancers. The SWltch/Sucrose Non-Fermentable (SWI/SNF)
complex and ARIDIA gene alterations offer valuable insights into the
pathogenesis of endometriosis and endometriosis-associated ovarian
cancer. Also, the use of potential therapeutics based on inhibitors and
suggested the use of PARP inhibitors in treating ovarian cancer which
may potentially improve outcomes for these conditions.

Retrograde menstruation, where menstrual blood containing
erythrocytes, macrophages, and endometrial tissue travels through the
fallopian tubes to the peritoneal cavity, is crucial for understanding
endometriosis pathogenesis (179, 180). Periodic hemorrhage from
endometriotic lesions iron overload, with

ectopic causes
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Interlink between chronic endometriosis and major depression.

erythrocyte-derived iron being a well-known inducer of oxidative
stress (180). This altered iron metabolism can contribute to
endometriosis development and progression (181). At moderate levels,
iron-induced reactive oxygen species (ROS) stimulate ectopic
endometrial cell proliferation, angiogenesis, and adhesion. Animal
models show that iron treatment increases the number and size of
endometriotic lesions compared to controls, suggesting that imbalances
in iron homeostasis regulate endometriotic cell proliferation (182).
These finding suggest that alterations in iron hemostasis may promote
endometriotic cell proliferation. Iron overload intensifies intracellular
oxidative stress through the Fenton reaction (Fe** + H,O, —Fe* +
OH™ +OH), leading to DNA, lipid, and protein damage, and resulting
in cytotoxic effects on cells (183). This reaction generates reactive
hydroxyl radicals that contribute to cellular injury and dysfunction.
Furthermore, excess iron can decrease transferrin concentration in
follicular fluid due to increased transferrin saturation. This iron
overload and transferrin insufficiency lead to elevated ROS levels,
compromising mitotic spindle integrity and promoting chromosome
instability (184, 185). Consequently, this may affect the number and
maturation of oocytes retrieved from women with endometriosis (184,
185). High content of iron in ovarian endometriomas exert negative
effect on granulosa cells via increased level of ROS cause decrease in
the number and quality of oocytes leading to impaired fertility (186
188). The increased levels of free radical generation in physiological
stress concomitant with impaired fertility in endometriosis may be due
to an imbalance in ROS homeostasis.

Furthermore, there is a persistent production of antioxidants,
where endometriotic cells adapt to oxidative stress with the support
of macrophages. This adaptation enhances antioxidative defenses and
influences redox signaling, energy metabolism, and the tumor
immune microenvironment, potentially leading to malignant
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transformation. Moreover, specific molecular alterations, including
mutations in ARIDA1/BAF250a, PIK3CA, CTNNBI, and PTEN, as
well as microsatellite instability and loss of heterozygosity, have been
reported (189-193).

10 Conclusion

Endometriosis is a chronic, estrogen-dependent, proinflammatory
disease that can cause various dysfunctions. Hormonal imbalance,
inflammation, immune dysregulation, angiogenesis, neurogenic
inflammation, epigenetic alterations, and tissue remodeling are
common in the pathogenesis of endometriosis. Higher numbers of
women diagnosed with endometriosis showed increased levels of
depression which can potentially further aggravate the disease.
According to published literature strong synergisms were observed in
endometriosis patients with depression or vice versa. This review
article focuses on the immunological aspects of depression in
endometriosis patients by looking at the links between depression and
immunological factors responsible for potential malignant
transformation of endometriosis. There is a huge gap in the awareness
of endometriosis and proper counselling and treatment, especially in
underdeveloped and developing countries due to continued reluctance
of open discussion of female gynecological issues. Clinicians,
academicians, and scientists should reach out to these communities
and provide vital information promoting regular screening, early
detection of the disease and counselling to prevent further
complications. Importantly, increased funding is critical for
investigation and identification of factors against which multifactorial
drug development is critical to alleviate the pain and suffering of
women diagnosed with endometriosis and depression.
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Incidental findings on MRI for the
evaluation of endometriosis:
prevalence and clinical
significance
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Hasan Emin Kaya?, Felix Zeppernick?®, lvo Meinhold-Heerlein?
and Gabriele Anja Krombach?

!Department of Diagnostic and Interventional Radiology, Justus Liebig University Giessen, Giessen,
Germany, ?Department of Radiology, School of Medicine, Gérukle Campus, Bursa Uludag University,
Bursa, Turkiye, *Department of Gynecology and Obstetrics, Justus Liebig University Giessen, Giessen,
Germany

Objectives: This study aimed to analyze the prevalence and clinical significance
of incidental findings on MRI for endometriosis. Differences between patients
with and without evidence of deep infiltrating endometriosis on MRI were to
be examined.

Methods: This was a retrospective, descriptive cross-sectional single-center
study. All patients who received a pelvic MRI for endometriosis between
April 2021 and February 2023 were included. The presence and frequency of
incidental findings were noted after review of all MR images and radiology
reports. The potential clinical significance of the findings was analyzed.
Differences in the frequency of incidental findings between patients with and
without evidence of deep infiltrating endometriosis on MRI were evaluated,
utilizing the Chi-square test, Fisher’s exact test and Mann—-Whitney U-test.

Results: 303 consecutive patients (mean age, 33.4 years + 8.3) were evaluated.
Incidental findings were noted in 299/303 (98.7%) patients. Most frequently,
ossification of the hip acetabular rim and degenerative changes of the lumbar
spine were noted. In 25/303 (8.3%) patients, incidental findings had high clinical
significance. For specific incidental findings, significantly higher prevalences
were found in patients with than in patients without evidence of deep infiltrating
endometriosis on MRI (hip acetabular rim ossification, p = 0.041; annulus fibrosus
fissures, p = 0.006; gallstones, p = 0.042).

Conclusions: Incidental findings are very common on pelvic MRI for
endometriosis. The detection of incidental findings can lead to the diagnosis
of relevant diseases and thus enable early treatment. On the other hand, many
incidental findings have no, only minor, or uncertain consequences.

KEYWORDS

pelvis, endometriosis, incidental findings, diagnostic imaging, magnetic resonance
imaging

1 Introduction

Endometriosis is a disease characterized by the presence of endometrium-like tissue
outside the endometrium and myometrium, usually accompanied by inflammatory
changes (1). Endometriosis can affect various structures: The peritoneum, the ovaries,
the intestinal wall, the urinary bladder, or extra-abdominal structures. Deep infiltrating
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endometriosis (DIE) is a subtype of endometriosis, characterized
by the presence of endometrial-like tissue in the abdominal cavity,
which spreads on or under the peritoneal surface and can infiltrate
adjacent organs (1).

Endometriosis can cause various symptoms, including chronic
pelvic pain, dyspareunia, fatigue, and infertility (2). About
10%—15% of women of childbearing age and 35%—50% of women
with pelvic pain and/or infertility are affected by endometriosis
(3). Laparoscopy has traditionally been the method of choice for
diagnosing endometriosis. Recently, however, there has been a
growing body of research highlighting the value of imaging (MRI
and transvaginal ultrasound) in the diagnosis of endometriosis (4-
6). The recommendation of imaging in current guidelines (2) and
the advantages of MRI (large examination field, non-invasiveness,
standardization, little operator dependency) give reason to expect
an increasingly broad application (4).

As with many other radiological examinations, the description
and interpretation of incidental findings (IFs) on MRI for
endometriosis can present a challenge. No data on IFs in
endometriosis MRI are currently available (level of evidence:
n/a) (7). IFs are defined as findings beyond the primary
clinical indication of a study and may be clinically relevant
but do not necessarily have to be (8-10). IFs include both
insignificant marginal findings and false positive findings. IFs can
lead to uncertainty among radiologists, referring physicians, and
patients. The main reasons for this are a lack of information
about the frequency and relevance of IFs and difficulties in
differentiating relevant findings from physiological changes and
normal variants. The radiological reporting of IFs may lead to
further diagnostic examinations and medical interventions. These
additional measures can be helpful and potentially life-saving but
can also be unnecessary, costly, and risky. Therefore, an adequate
strategy for the disclosure of IFs must be chosen. In order to
develop such a strategy, however, data on the types and the
frequency of findings are required in the first instance. As there is
currently a lack of data on IFs in endometriosis MRIs, potential
negative effects of this knowledge gap on patient treatment and
outcomes are possible.

Challenges in the scientific analysis of IFs are that the patient’s
history and radiological reports are often available only in non-
standardized form and that the interpretation of the images
is subject to variability. In addition, a very specific imaging
question (e.g., endometriosis) leads to a higher rate of IFs than a
broader question (e.g., pelvic pain). A retrospective study of 1,040
abdominal CT scans for different indications revealed relevant
IFs (leading to further imaging, clinical evaluation, or follow-
up) in 18.8% of patients (11). As the rate of IFs in this study
was based on a review of the radiology reports without a review
of the images, it can be assumed that the rate of IFs was
underestimated (9).

An association between endometriosis and various other
diseases has been suspected, including gynecologic diseases,
gastrointestinal ~ diseases, immunological-related/autoimmune
diseases, cardiovascular diseases, and cerebrovascular diseases
(12, 13). This association would give reason to expect an increased
rate of IFs in MRI examinations positive for endometriosis.
However, no data on IFs in endometriosis MRI are currently
available (7).
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The objective of the present study was therefore to analyze the
prevalence and distribution of IFs identified on pelvic MRI for
endometriosis, including overview sequences from the kidneys to
the pubic bone. In addition, differences in the frequency of IFs
between patients with and without evidence of DIE on MRI and
between patients with and without administration of gadolinium
based contrast agents (GBCAs) were to be examined.

2 Materials and methods

This study was approved by the institutional review board.
Due to the retrospective design of the study, informed consent
was waived.

2.1 Study population and design

This study was conducted retrospectively on a cohort of
patients from a descriptive cross-sectional single-center study. In
this study all patients have been included who have received
a pelvic MRI for evaluation of endometriosis between April
2021 and February 2023 after clinical gynecological examination
and transvaginal sonography (14). All patients aged at least
18 years with clinically suspected pelvic endometriosis were
included consecutively. The clinical gynecological suspicion of
endometriosis was based on typical symptoms (e.g., chronic
pelvic pain, dyspareunia, infertility) and/or findings of transvaginal
sonography. No exclusion criteria were applied. The rate of patients
in the study cohort with prior abdominal surgery was 187/303
(61.7%) with the following distribution (several procedures in
one patient possible): Laparoscopy for endometriosis, n = 118;
appendectomy, n = 48; cesarean section, n = 44; total laparoscopic
hysterectomy, n = 21; laparoscopy for ovarian mass, n = 21;
laparoscopy for adhesions, n = 17; diagnostic laparoscopy, n =
8; rectum resection with anastomosis due to endometriosis, n =
7; laparoscopic myomectomy, n = 6; laparoscopic supracervical
hysterectomy, n = 6; laparoscopy for ectopic pregnancy, n =
5; inguinal hernia repair, n = 5; other surgical procedures, n =
25. 43 patients had at least one prior vaginal delivery. The MRI
scans were positive for DIE in 106/303 (35.0%) patients and for
endometriomas in 89/303 (29.4%) patients.

MRI scans were conducted at two 1.5 Tesla scanners (Avanto,
Siemens Healthcare, n = 144; Espree, Siemens Healthcare, n =
155) and one 3 Tesla scanner (Skyra fit, Siemens Healthcare,
n = 4). Both field strengths are currently considered valuable
for endometriosis imaging (15, 16). The scans included the key
sequences recommended in recent guidelines (15, 16): T2-weighted
FSE (fast spin echo) sequences (axial, sagittal, and coronal with
small field of view; coronal single shot fat suppressed with
large field of view for an overview of the kidneys and urinary
system), and T1-weighted FSE sequences with and without fat
suppression (axial with small field of view). Contrast-enhanced
sequences were included optionally in 84/303 (27.7%) of patients,
depending on the findings of the non-contrast sequences and
the presence of additional questions (Gadoteridol, ProHance, 0.1
mmol/kg, Bracco Imaging) (14). Contrast-enhanced examinations
encompassed axial and sagittal T1-weighted FSE sequences with
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fat suppression (small field of view), and in 72/84 cases an
additional short T1-weighted gradient-echo sequence (urography)
and optional time-resolved MR angiography.

2.2 Image analysis and classification of
incidental findings

The presence of incidental findings was noted after a second
review of the images of all patients and of the original radiology
reports of all patients by a radiologist with 8 years’ experience
in pelvic MRI (S.H.). An incidental finding was defined as an
unrelated imaging abnormality on pelvic MRI for endometriosis.
The clinical significance of IFs was classified following previous
studies (17):

e Group 1: Not significant; no further evaluation or
treatment required.

e Group 2: Moderately/potentially significant; further
diagnostic studies, follow-up, or treatment possibly necessary.

Patients with suspicion of
endometriosis examined by
pelvic MRI
(n=303)

T

Patients without Patients with incidental
incidental findings (1 = 4) findings (n =299)

Patients with Patients with Patients with
group 11Fs group 2 IFs group 3 IFs
(n=298) (n=134) (n=25)

FIGURE 1
Flow diagram of the study cohort and distribution of incidental
findings.

10.3389/fmed.2024.1468860

e Group 3: Significant; relevant impact on the patient’s
prognosis or immediate treatment required.

Adnexal lesions were assessed following the Ovarian-Adnexal
Reporting and Data System (O-RADS) (18) and the work by Sahin
et al. (19) for non-contrast examinations. Diagnosis of polycystic
ovary morphology (PCOM) was made according to Teede et al.
(20). The diagnosis of lelomyomas was made in accordance with
the guidelines of the European Society of Urogenital Radiology
(ESUR) (21). The assessment for pelvic venous anomalies was
performed in accordance with the criteria by Bookwalter et al.
(22). Acetabular rim ossifications (ARO) were diagnosed following
the work of Valente et al. (23). Degenerations of the lumbar
spine were categorized utilizing the Modic grades (24) and the
recommendations by Fardon et al. (25). Lumbar foraminal stenoses
were classified using a simplified adaption of the Lee system (26).
Changes in the sacroiliac joints (SIJ) were described in simplified
form (27) as abnormalities with or without edema. Hydronephrosis
was graded in orientation to the system by the Society of Fetal
Urology (SFU) (28). The common upper limit of >10mm in
short axis was applied for the definition of enlarged lymph
nodes (29, 30).

2.3 Statistical analysis

Statistical analyses were performed by S.H. using IBM SPSS
Statistics 29.0. The final study population was stratified in
patients with and without DIE on MRI to evaluate for possible
differences in the prevalence of IFs within these two groups. In
addition, differences in the number of IFs between non-contrast
and contrast examinations were investigated, and differences
in the frequencies of the individual IFs depending on patient
age. Continuous variables are presented as mean and standard
deviation, and categorical variables are presented as counts
and percentages. 95% confidence intervals are Clopper-Pearson
intervals. Chi-square test and Fisher’s exact test were used to
compare differences in the frequencies of categorical variables. The
Mann-Whitney U-test was performed to assess the differences

TABLE 1 Prevalence of IFs and mean number of IFs per examination and by DIE diagnosis on MRI with percentages and 95% confidence intervals in

brackets.
Total (n = 303) MRI positive for DIE MRI negative for DIE p-values
(n = 106) (n=197)
Prevalence of all IFs (%) 299 (98.7; 96.7-99.6) 106 (100.0; 96.6-100.0) 193 (98.0; 94.9-99.4) 0.302°
Mean number of IFs per MRI 5.84+3.14 6.22 £2.81 5.64 +3.29 0.075¢
Prevalence of group 1 IFs (%) 298 (98.3; 96.2-99.5) 106 (100.0; 96.6-100.0) 192 (97.5; 94.2-99.2) 0.167°
Mean number of group 1 IFs per MRI 5.17 +2.85 5.54 4 2.62 4.97 £2.95 0.064°
Prevalence of group 2 IFs (%) 134 (44.2; 38.5-50.0) 53 (50.0; 40.1-59.9) 81 (41.1; 34.2-48.3) 0.138"
Mean number of group 2 IFs per MRI 0.59 +0.78 0.59 & 0.67 0.59 +0.83 0.404¢
Prevalence of group 3 IFs (%) 25(8.3;5.4-11.9) 9 (8.5;4.0-15.5) 16 (8.1; 4.7-12.9) 0.911°
Mean number of group 3 IFs per MRI 0.09 +0.29 0.08 £0.28 0.09 +0.30 0.922¢

IE, incidental finding; DIE, deep infiltrating endometriosis.

Fisher’s exact test.
bChi-square test.
“Mann-Whitney U-test.
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TABLE 2 Prevalence of IFs and mean number of IFs per examination and by GBCA application with percentages and 95% confidence intervals in brackets.

Total (n Application of GBCA No application of p-values
(n = 84) GBCA (n =219)
Prevalence of all IFs (%) 299 (98.7; 96.7-99.6) 84 (100.0; 95.7-100.0) 215 (98.2; 95.4-99.5) 0.579*
Mean number of IFs per MRI 5.84+3.14 6.79 £3.11 5.48 +3.08 0.002°
Prevalence of group 1 IFs (%) 298 (98.3; 96.2-99.5) 84 (100.0; 95.7-100.0) 214 (97.7; 94.8-99.3) 0.327¢
Mean number of group 1 IFs per MRI 5.17 +2.85 5.83 +2.87 4.91 +2.80 0.014°
Prevalence of group 2 IFs (%) 134 (44.2; 38.5-50.0) 44 (52.4; 41.2-63.4) 90 (41.1; 34.5-47.9) 0.077°
Mean number of group 2 IFs per MRI 0.59+0.78 0.79 £0.92 0.52+0.71 0.023°
Prevalence of group 3 IFs (%) 25 (8.3;5.4-11.9) 13 (15.5; 8.5-25.0) 12 (5.5;2.9-9.4) 0.005"
Mean number of group 3 IFs per MRI 0.09 +0.29 0.17 £0.41 0.0540.23 0.004°

Bold values denote statistical significance at the p < 0.05 level.

IF, incidental finding; GBCA, gadolinium based contrast agent; DIE, deep infiltrating endometriosis.

2Fisher’s exact test.
b Chi-square test.
“Mann-Whitney U-test.

in the mean numbers of IFs. p-values < 0.05 were considered
statistically significant.

3 Results

A total of 1771 IFs were noted in the study cohort of 303
patients [mean age, 33.4 years + 8.3 (standard deviation); median
age, 33; Figure 1]. IFs were recorded in 299/303 examinations
(98.7%). 11 patients had one IF, 30 patients had two IFs,
31 patients had three IFs, 41 patients had four IFs and 186
patients had five or more IFs. The mean number of IFs per
patient was 5.8, and the median number of IFs per patient
was 6.

3.1 Frequency and clinical significance of
incidental findings

The prevalence of IFs and the mean number of IFs per patient
are presented in Table 1. No statistically significant differences
were found in the prevalence of IFs (all IFs, group 1 IFs,
group 2 IFs, group 3 IFs) and the mean number of IFs per
patient between patients with and without DIE diagnosis on
MRI. In Table 2, the prevalence of IFs and the mean number
of IFs per patient are presented subdivided according to GBCA
administration on MRI and clinical significance. The mean number
of IFs per MRI in non-contrast and contrast examinations
differed significantly (all IFs, p = 0.002; group 1 IFs, p = 0.014;
group 2 IFs, p = 0.023; group 3 IFs, p = 0.004). The overall
prevalence of IFs in non-contrast and contrast examinations did
not differ significantly (p = 0.579) and was 215/219 (98.2%)
and 84/84 (100%), respectively. The prevalence of group 1
and group 2 IFs did also not differ significantly between non-
contrast and contrast examinations, but it did for group 3 IFs (p
= 0.005).
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3.2 Incidental findings with high clinical
significance

Table 3 and Supplementary Table S1 show the number of
incidental findings with high clinical significance (group 3) on
MRI. Differences between patients with and without DIE diagnosis
on MRI are specified in Table 3. Differences between patients
aged <33 and >33 are specified in Supplementary Table S1. The
most frequent IFs of high clinical significance were mature
ovarian teratomas (histologically proven in 5/6 cases; Figure 2)
and hydronephrosis. In patients with hydronephrosis, MRI
showed no evidence of causative endometriosis in 10/11 cases
(e.g., hydronephrosis due to ureteropelvic junction obstruction;
Figure 3). No statistically significant differences were found in the
number of the individual incidental findings with high clinical
significance between patients with and without DIE diagnosis
on MRI.

3.3 Incidental findings with moderate
clinical significance

Table 4 and Supplementary Table S2 depict the number of
incidental findings with moderate clinical significance (group
2) on MRI (for n > 3). Differences between patients with
and without DIE diagnosis on MRI are specified in Table 4.
Differences between patients aged <33 and >33 are specified
in Supplementary Table S2. The most frequent IFs of moderate
clinical significance were leiomyomas without degeneration in
44/303 (14.5%) patients (Figure 4) and degenerative changes of
the lumbar spine with potential nerve root compression in 28/303
(9.2%) patients (Figure 5A). Nutcracker anatomy was detected
significantly more frequently in patients without than in patients
with evidence of DIE on MRI (p = 0.030). Gallstones were detected
significantly more frequently in patients with than in patients
without evidence of DIE on MRI (p = 0.042). Less frequent
IFs with moderate clinical significance (n < 2) were: Signs of
ovarian failure, uterine polyp, degenerated leiomyoma, cyst of
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TABLE 3 Number of IFs with high clinical significance (group 3) on MRI and differences between patients with and without diagnosis of DIE on MRI with
percentages and 95% confidence intervals in brackets (several findings per patient possible).

Findings Total (n = 303) MRI DIE+ (n = 106) MRI DIE- (n = 197) p-values
Mature ovarian teratoma 6(2.0;0.7-4.3) 1(0.9;0.0-5.1) 5(2.5;0.8-5.8) 0.669*
Hydronephrosis, grade 2 6(2.0;0.7-4.3) 2(1.9;0.2-6.6) 4(2.0;0.6-5.1) 1.000*
Hydronephrosis, grade 1 3(1.0; 0.2-2.9) 0 (0; 0.0-3.4) 3(1.5;0.3-4.4) 0.554*
Hydronephrosis, grade 3 2(0.7;0.1-2.4) 1(0.9; 0.0-5.1) 1(0.5;0.0-2.8) 1.000*
Small bowel obstruction due to postsurgical adhesions 1(0.3;0.0-1.8) 1(0.9;0.0-5.1) 0(0;0.0-1.9) 0.350%
Ovarian cyst, intermediate risk (O-RADS 4) 1(0.3;0.0-1.8) 0(0;0.0-3.4) 1(0.5; 0.0-2.8) 1.000?
Tailgut cyst 1(0.3;0.0-1.8) 1(0.9;0.0-5.1) 0 (0;0.0-1.9) 0.350°
Cervical cancer 1(0.3;0.0-1.8) 0(0; 0.0-3.4) 1(0.5; 0.0-2.8) 1.000*
Pelvic inflammatory disease 1(0.3;0.0-1.8) 0(0; 0.0-3.4) 1(0.5;0.0-2.8) 1.000*
Malpositioned intrauterine device (IUD) 1(0.3;0.0-1.8) 0(0;0.0-3.4) 1(0.5;0.0-2.8) 1.000*
Liver cirrhosis 1(0.3; 0.0-1.8) 1(0.9; 0.0-5.1) 0(0;0.0-1.9) 0.350*
Severe colonic wall thickening due to colitis 1(0.3;0.0-1.8) 1(0.9;0.0-5.1) 0(0;0.0-1.9) 0.350*
Aneurysm of common femoral artery 1(0.3;0.0-1.8) 1(0.9;0.0-5.1) 0(0; 0.0-1.9) 0.350*

IE, incidental finding; MRI, magnetic resonance imaging; DIE, deep infiltrating endometriosis.
?Fisher’s exact test.

FIGURE 2

41-year-old patient with typical mature ovarian teratoma on MRI for endometriosis: (A) Axial T2 FSE (fast spin echo) and (B) axial T1 FSE showing a
mostly hyperintense mass with hypointense components measuring 7 cm (arrows). (C) Axial T1 FSE with fat suppression confirms the presence of
macroscopic fat due to signal loss upon fat suppression. Mature ovarian teratoma was proven histologically.

the vaginal wall, bicornuate uterus, hydrosalpinx, hepatomegaly,
umbilical hernia, pelvic floor prolapse (n = 2, 0.7%, respectively).
In individual cases, the following IFs with moderate clinical
significance were found: Peritoneal inclusion cyst, occlusion
of common femoral vein, agenesis of common iliac vein,
retroaortic left renal vein, May-Thurner syndrome, dural ectasia,
enlarged inguinal lymph nodes, enlarged iliac lymph nodes,
arterial elongation, osteochondroma, cartilage damage of the
hip, pubic ramus fracture, bilateral kidney atrophy (unrelated to
endometriosis), scar tissue of the urinary bladder after sampling,
scar tissue of the urinary bladder after suturing, hematosalpinx,
splenomegaly, spigelian hernia, anal fistula (n = 1, 0.3%,
respectively).
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3.4 Incidental findings with low clinical
significance

Table 5 and Supplementary Table S3 show the number of
incidental findings with low clinical significance (group 1)
on MRI (for n > 3). Differences between patients with
and without DIE diagnosis on MRI are specified in Table 5.
Differences between patients aged <33 and >33 are specified
in Supplementary Table S3. The most frequently noted IFs of
low clinical significance were ARO in 200/303 (66.0%) patients
(Figure 6) and lumbar disc desiccation in 146/303 (48.2%) patients
(Figure 5B). ARO and annular fissures of intervertebral discs were
detected significantly more frequently in patients with than in
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patients without evidence of DIE on MRI (p = 0.041 and p =
0.006, respectively). Less frequent IFs with low clinical significance
(n < 2) were: Meyerding grade II spondylolisthesis, Castellvi
Ib lumbosacral transitional vertebra, coxa magna, acetabular
paralabral cyst, supraacetabular fossa, femoral shaft pseudolesion,
focal edema of the femoral neck, sacroiliac joint ankylosis, arcuate

FIGURE 3

27-year-old patient with hydronephrosis of the left kidney (arrows),
evident on coronal single shot fat-suppressed T2 FSE (fast spin
echo) with large field of view. There is dilatation of the renal pelvis
and calyces. The underlying condition was a stenosis of the
ureteropelvic junction.

10.3389/fmed.2024.1468860

uterus, marked post-operative changes to the uterus not associated
with cesarean section (n = 2, 0.7%, respectively). In individual
cases, the following IFs with low clinical significance were found:
External iliac vein ectasia, butterfly vertebra, interspinous bursitis,
Castellvi Ta lumbosacral transitional vertebra, O’Driscoll type 3
morphology of first sacral intervertebral disc, muscular focus of
activity, postoperative changes in the SIJ after screw fixation,
benign lesion of the iliac bone, lipoma of the abdominal wall
muscles, splenic cyst, transient hepatic intensity difference, minor
hemoperitoneum, atrophy of the gluteal muscles, atrophy of
the piriformis muscle, edema of the quadriceps femoris muscle,
subcutaneous inflammatory changes (n = 1, 0.3%, respectively).

4 Discussion

This study analyzed the prevalence and distribution of IFs
detected on pelvic MRI for endometriosis, including overview
sequences from the kidneys to the pubic bone. Our findings
show that IFs with high clinical relevance are common, and IFs
with moderate and low clinical relevance are very common with
prevalences of 25/303 (8.3%; 95% CI 5.4-11.9%), 134/303 (44.2%;
95% CI 38.5-50.0%), and 298/303 (98.3%; 95% CI 96.2-99.5%),
respectively. The most frequent individual IFs were ARO (200/303
patients, 66.0%) and lumbar disc desiccation (146/303 patients,
48.2%). The overall prevalence of IFs, the prevalence of IFs grouped
by clinical significance and the mean number of IFs per patient
did not differ significantly between patients with and without DIE
diagnosis on MRI (p = 0.064 to p = 0.922). For three individual IFs,
significantly higher prevalences were found in patients with than
in patients without evidence of DIE on MRI (ARO, fissures of the
annulus fibrosus, gallstones).

To date, no data are available on the presence of IFs on pelvic
MRI for endometriosis. Several recent studies have investigated
the frequency of incidental findings in prostate MRI, although

TABLE 4 Number of IFs with moderate clinical significance (group 2) on MRI (for n > 3) and differences between patients with and without diagnosis of
DIE on MRI with percentages and 95% confidence intervals in brackets (several findings per patient possible).

Findings Total (n = 303) MRI DIE+ (n = 106) MRI DIE- (n = 197) p-values
Leiomyomas, no degeneration 44 (14.5; 10.8-19.0) 14 (13.2;7.4-21.2) 30 (15.2; 10.5-21.0) 0.634°
Potential lumbar nerve root compression 28 (9.2;6.2-13.1) 10 (9.4; 4.6-16.7) 18 (9.1; 5.5-14.1) 0.932°
Ovarian cyst, indeterminate 11 (3.6; 1.8-6.4) 5(4.7;1.5-10.7) 6(3.0; 1.1-6.5) 0.525*
Lumbar nerve root compression 10 (3.3; 1.6-6.0) 2(1.9; 0.2-6.6) 8(4.1;1.8-7.8) 0.503*
Nutcracker anatomy 9(3.0; 1.4-5.6) 0(0;0.0-3.4) 9 (4.6;2.1-8.5) 0.0302
Pelvic venous congestion 9(3.0; 1.4-5.6) 1(0.9;0.0-5.1) 8(4.1;1.8-7.8) 0.168*
Polycystic ovaries 7(2.3;0.9-4.7) 3(2.8;0.6-8.0) 4(2.0;0.6-5.1) 0.699*
Cesarean scar diverticulum 7(2.3;0.9-4.7) 2(1.9; 0.2-6.6) 5(2.5;0.8-5.8) 1.000*
Postsurgical bowel adhesions 6(2.0;0.7-4.3) 2(1.9; 0.2-6.6) 4(2.0;0.6-5.1) 1.000*
Ureter duplication 4(1.3;0.4-3.3) 1(0.9; 0.0-5.1) 3(1.5;0.3-4.4) 1.000*
Ascites 4(1.3;0.4-3.3) 3(2.8;0.6-8.0) 1(0.5;0.0-2.8) 0.125%
Gallstones 3(1.0;0.2-2.9) 3(2.8;0.6-8.0) 0(0.0; 0.0-1.9) 0.0422

Bold values denote statistical significance at the p < 0.05 level.

IE incidental finding; MRI, magnetic resonance imaging; DIE, deep infiltrating endometriosis.
Fisher’s exact test.

bChi-square test.
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FIGURE 4

37-year-old patient with typical uterine leiomyomas (syn. fibroids) on MRI for endometriosis: (A) Sagittal, (B) axial, and (C) coronal T2 FSE (fast spin
echo) showing mostly hypointense submucous and intramural masses of the uterine posterior wall measuring 3cm in total (arrows). One submucous
leiomyoma protrudes into the uterine cavity, largely surrounded by endometrium [type 1 according to the FIGO fibroid classification system (55)].

FIGURE 5

(A) 40-year-old patient with potential foraminal lumbar nerve root compression on MRI for endometriosis, depicted on sagittal T2 FSE (fast spin
echo) at L5-S1 level due to decreased height of the intervertebral disc, bulging of the disc and articular process hypertrophy (curved arrow). (B)
36-year-old patient with typical deep infiltrating endometriosis (DIE) and degenerations of the lumbar spine on sagittal T2 FSE (fast spin echo). A
large, inhomogeneous mass of DIE is evident in the pouch of Douglas (area encircled by dotted line) with involvement of the vaginal vault, the
rectum, the sigmoid colon, and the posterior outer myometrium [A2, B3/3, C3, FA, Fl according to the #Enzian classification (56)]. Also included on
the MRI slice are degenerative changes of the lumbar spine with desiccation (long arrow) and annular fissure (arrowhead) of the L4-L5 disc,
decreased height and extrusion of the L5-S1 disc and associated Modic type 2 signal changes (short arrows). Asterisk: Uterus.

the comparability with our results is obviously reduced due to
the different patient population. Cutaia et al. found IFs in only
52.7% and Sherrer et al. in only 40.2% of patients on prostate
MRI despite the older age of the patients (mean age 67.1 and 63.3
years, respectively) (17, 31). These lower prevalences of IFs are
most likely attributable to the smaller field of view of prostate MRI.
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Consequently, changes of the hip joints and the lumbar spine were
not included in these studies. MRI for endometriosis is performed
with a larger field of view, so that the entire pelvis and the lower
part of the lumbar spine are included in the scans. When sequences
are included for an overview of the kidneys and urinary tract, parts
of the liver and other upper abdominal organs may also be visible.
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TABLE 5 Number of IFs with low clinical significance (group 1) on MRI (for n > 3) and differences between patients with and without diagnosis of DIE on
MRI with percentages and 95% confidence intervals in brackets (several findings per patient possible).

Findings Total (n = 303) MRI DIE+ (n =106) MRIDIE- (n =

Ossification of the acetabular rim 200 (66.0; 60.4-71.3) 78 (73.6; 64.1-81.7) 122 (61.9; 54.8-68.7) 0.041°
Lumbar disc desiccation 146 (48.2; 42.4-54.0) 55 (51.9; 42.0-61.7) 91 (46.2; 39.1-53.4) 0.344°
T2-hyperintensity of hip labrum 122 (40.3; 34.7-46.0) 43 (40.65 31.1-50.5) 79 (40.1; 33.2-47.3) 0.937°
Nabothian cysts of cervix uteri 113 (37.3; 31.8-43.0) 44 (41.5; 32.0-51.5) 69 (35.0; 28.4-42.1) 0.266°
Annular fissure, intervertebral disc 101 (33.3; 28.0-38.9) 46 (43.4;33.8-53.4) 55(27.9;21.8-34.7) 0.006°
Abnormalities of SIJ w/o osseous edema 72 (23.8;19.1-29.0) 26 (24.5; 16.7-33.8) 46 (23.4;17.6-29.9) 0.818"
Post-surgical pelvic scarring 67 (22.1;17.6-27.2) 25(23.6; 15.9-32.8) 42 (21.3; 15.8-27.7) 0.650°
Lumbar disc protrusion 63 (20.8; 16.4-25.8) 25 (23.6; 15.9-32.8) 38 (19.3; 14.0-25.5) 0.380°
Lumbar disc bulge 61 (20.1; 15.8-25.1) 19 (17.9; 11.2-26.6) 42 (21.3; 15.8-27.7) 0.482°
Changes of symphysis pubis, no edema 61 (20.1; 15.8-25.1) 19 (17.9; 11.2-26.6) 42 (21.3; 15.8-27.7) 0.482°
Lumbar disc extrusion 60 (19.8; 15.5-24.7) 23 (21.7; 14.3-30.8) 37 (18.8; 13.6-24.9) 0.543°
Simple ovarian cyst <3 cm 46 (15.2; 11.3-19.7) 15 (14.2; 8.1-22.3) 31 (15.7; 10.9-21.6) 0.714°
Corpus luteum <3 cm 41 (13.5;9.9-17.9) 11(10.4; 5.3-17.8) 30 (15.2; 10.5-21.0) 0.239"
Abnormalities of SIJ with osseous edema 31(10.2;7.1-14.2) 9 (8.5; 0.4-15.5) 22 (11.2;7.1-16.4) 0.463°
Osseous hemangioma 27 (8.9; 6.0-12.7) 10 (9.4; 4.6-16.7) 17 (8.6; 5.1-13.5) 0.815°
Modic II endplate changes 26 (8.6; 5.7-12.3) 7 (6.6;2.7-13.1) 19 (9.6;5.9-14.7) 0.367°
Modic I endplate changes 23 (7.6;4.9-11.2) 9 (8.5;0.4-15.5) 14 (7.1;3.9-11.6) 0.664°
Developmental dysplasia of hip 19 (6.3; 3.8-9.6) 7(6.6;2.7-13.1) 12 (6.1;3.2-10.4) 0.861°
Marked facet joint degenerations 18 (5.9; 3.6-9.2) 9(8.5;0.4-15.5) 9 (4.6;2.1-8.5) 0.168°
Simple renal cyst 17 (5.6; 3.3-8.8) 8(7.5;3.3-14.3) 9 (4.6;2.1-8.5) 0.283°
Hip joint effusion 16 (5.3;3.0-8.4) 4(3.8;1.0-9.4) 12 (6.1;3.2-10.4) 0.390°
Scoliosis 14 (4.6; 2.5-7.6) 7 (6.6;2.7-13.1) 7 (3.6; 1.4-7.2) 0.257¢
Paralabral cyst of the hip 14 (4.6; 2.5-7.6) 5(4.7; 1.5-10.7) 9 (4.6;2.1-8.5) 1.000*
Schmorl node 12 (4.0;2.1-6.8) 4(3.8;1.0-9.4) 8 (4.1;1.8-7.8) 1.000%
Femoral neck herniation pits 12 (4.0;2.1-6.8) 4(3.8;1.0-9.4) 8(4.1;1.8-7.8) 1.000*
Greater trochanteric edema 11 (3.6; 1.8-6.4) 6(5.7;2.1-11.9) 5(2.5;0.8-5.8) 0.202*
Spondylolisthesis, grade I 10 (3.3; 1.6-6.0) 4(3.8;1.0-9.4) 6(3.0; 1.1-6.5) 0.744%
Separation of the pars interarticularis, L5 10 (3.3; 1.6-6.0) 3(2.8;0.6-8.0) 7 (3.6;1.4-7.2) 1.000*
Lumbosacral transitional vertebra, type Castellvi ITa 10 (3.3; 1.6-6.0) 3(2.8;0.6-8.0) 7(3.6;1.4-7.2) 1.000*
Ovarian cyst (i.e., O-RADS 2) 9 (3.0; 1.4-5.6) 2 (1.9;0.2-6.6) 7 (3.6;1.4-7.2) 0.503*
Lumbosacral transitional vertebra, type Castellvi ITb 9 (3.0; 1.4-5.6) 5(4.7;1.5-10.7) 4(2.0; 0.6-5.1) 0.286*
O’Driscoll type 4 disc morphology 9 (3.0; 1.4-5.6) 4(3.8;1.0-9.4) 5(2.5;0.8-5.8) 0.724*
Liver cysts 9 (3.0; 1.4-5.6) 4(3.8;1.0-9.4) 5(2.5;0.8-5.8) 0.724*
Lumbosacral transitional vertebra, type Castellvi IITb 7(2.3;0.9-4.7) 3(2.8;0.6-8.0) 4(2.0;0.6-5.1) 0.699%
Hamstring tendinopathy 7(2.3;0.9-4.7) 5(4.7;1.5-10.7) 2(1.0;0.1-3.6) 0.053*
Bartholin cyst 7(2.3;0.9-4.7) 2 (1.9;0.2-6.6) 5(2.5;0.8-5.8) 1.000%
Pelvic floor atrophy, unilateral 6(2.0;0.7-4.3) 2(1.9;0.2-6.6) 4(2.0; 0.6-5.1) 1.000*
Vertebral body shiny corner 5(1.7;0.5-3.8) 0 (0;0.0-3.4) 5(2.5;0.8-5.8) 0.167*
Productive changes of symphysis pubis with edema 5(1.7;0.5-3.8) 2(1.9; 0.2-6.6) 3(1.5;0.3-4.4) 1.000*
Colonic diverticulosis 4(1.3;0.4-3.3) 2(1.9;0.2-6.6) 2(1.0;0.1-3.6) 0.614*
Loss of colonic haustra 4(1.3;0.4-3.3) 1(0.9;0.0-5.1) 3(1.5;0.3-4.4) 1.000*

(Continued)
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TABLE 5 (Continued)
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MRIDIE+ (n=106) MRIDIE- (n = 197)

Findings Total (n = 303)
Lumbosacral transitional vertebra, type Castellvi IV 4(1.3;0.4-3.3)
Benign lesion, proximal femur 4(1.3;0.4-3.3)
Rectus abdominis diastasis 4(1.3;0.4-3.3)
Tarlov/perineural cyst 3 (1.0;0.2-2.9)
Coxa valga deformity 3(1.0;0.2-2.9)
Parasymphyseal cyst 3(1.0;0.2-2.9)

Bold values denote statistical significance at the p < 0.05 level.

2(1.9;0.2-6.6) 2(1.0;0.1-3.6) 0.614°
3(2.8;0.6-8.0) 1(0.5;0.0-2.8) 0.125
2(1.9;0.2-6.6) 2(1.0;0.1-3.6) 0.614%
1(0.9;0.0-5.1) 2(1.0;0.1-3.6) 1.000°
1(0.9;0.0-5.1) 2 (1.0;0.1-3.6) 1.000°
1(0.9;0.0-5.1) 2(1.0;0.1-3.6) 1.000°

IF, incidental finding; MRI, magnetic resonance imaging; DIE, deep infiltrating endometriosis; T2WT, T2 weighted image; SIJ, sacroiliac joint.

?Fisher’s exact test.
bChi-square test.

FIGURE 6
Coronal T2 FSE (fast spin echo) of five different patients showing hip acetabular rim ossifications on MRI for endometriosis (arrows): (A) No
ossifications, (B—E) acetabular rim ossification of different sizes in the posterosuperior quadrant.

In the ESUR guideline for the MR imaging of endometriosis, four
of the eight participating centers stated that their MRI protocol
contains a T2-sequence from the kidney to the pubic bone, and a
corresponding recommendation is suggested to enable a systematic
visualization of kidneys and potential analysis of the right iliac
fossa (16).

Even minor findings can pose difficulties for radiologists and
referring physicians in everyday practice and cause uncertainty.
Particularly in a young patient population, the question regularly
arises as to when findings should be considered pathological, a
normal variant and/or be communicated. The most common IF
we found was ARO in 200/303 patients (66.0%). As this finding
has received little attention to date, no reports are available on
the prevalence in non-musculoskeletal pelvic MRI examinations.
The importance of this very common finding lies primarily in
not interpreting it as pathological, as Valente et al. (23) have
pointed out: In their 2021 study, they found ARO in 96% of 75
asymptomatic patients (mean age, 47.7 years). Consequently, the
diagnosis of osteoarthritis should not be made solely based on the
presence of ARO.

Another very common observation in our study collective
were degenerations of the lumbar spine, despite the low average
age of the patients. Annular fissures of the intervertebral discs
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were detected significantly more frequently in patients with
than in patients without DIE diagnosis on MRI (p = 0.006).
This observation could be explained by the association between
lumbar disc degeneration and comorbidities related to systemic
inflammation reported by Lambrechts et al. (32), although we could
not find significant differences in the prevalence of disc desiccation
between patients with and without DIE on MRI (p = 0.344). It is
currently unclear whether degenerations of the spine as IFs should
be reported by radiologists and communicated to patients. As
Brinjikji et al. (33) stated, disc degeneration has a higher prevalence
in adults with low back pain than in asymptomatic individuals. On
the other hand, routine MRI reports have been found to produce
a negative perception and poor functional outcomes in low back
pain (34).

In our study cohort, a significantly higher prevalence of three
types of IFs was found in patients with DIE diagnosis on MRI
(ARO, fissures of the annulus fibrosus, gallstones). An association
between endometriosis and various comorbidities has been
suspected, including gynecologic diseases (fibroids, adenomyosis,
ovarian cancer), gastrointestinal diseases (irritable/inflammatory
bowel disease), immunological-related/autoimmune diseases
(rheumatoid arthritis, psoriasis, osteoarthritis, asthma, allergy),

cardiovascular and cerebrovascular diseases (12, 13). Causal
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mechanisms are considered to be endometriosis-induced local and
systemic inflammation, immune dysregulation, hormonal changes,
and treatment sequelae. The results of our study provide a potential
indication of an association of the three IFs mentioned above with
endometriosis, although no statistically significant differences in
the overall prevalence and mean number of IFs (with/without DIE
on MRI) and no associations comparable to the age dependence of
IFs could be demonstrated (Supplementary Tables S1-S3).

We found a significantly higher mean number of IFs per patient
in contrast-enhanced than in non-contrast MRIs (p = 0.002)
without significant difference in the overall prevalence of IFs (p =
0.579). However, the decision on GBCA administrations had been
made depending on the findings of the non-contrast sequences and
the presence of ancillary questions (14). Therefore, the higher rate
of IFs must be seen as a reason for the application rather than a
consequence of GBCA administrations. DIE had not been found
significantly more frequently in contrast-enhanced MRIs, which is
consistent with the current ESUR guidelines for endometriosis MRI
that do not routinely recommend GBCA administration (16).

Various guidelines for the management of IFs in clinical
imaging and research have been established recently (35-48). Due
to the extensive use of imaging in modern medicine, there is an
ongoing need for standardization of the management of IFs (49,
50). Further assistance for radiologists through artificial intelligence
(AI) may be expected in the future (51, 52). Radiologists must
nonetheless familiarize themselves with IFs to properly determine
consequences and provide guidance (53, 54). Detecting an IF
does not necessarily imply that it should be reported. For IFs
with moderate or high clinical significance, a description in the
radiologic report is warranted, if available, with reference to
current guidelines on the management of the findings. Appropriate
wording should be used so as not to cause unnecessary further
investigations or patient distress. However, the majority of IFs has
low clinical significance and a description in the radiology report
is often unnecessary and not beneficial to the patient, e.g., in non-
pathological findings such as ARO or in age-typical degeneration of
the spine.

There are some limitations of our study. The study
was conducted retrospectively at a single tertiary care
center. Diagnoses were mainly based on the review of the
imaging findings and radiological reports. Since not every
detectable on MRI,
comparing the frequency of IFs between patients with and

manifestation of DIE is our results
without evidence of DIE on MRI may have somewhat limited
generalizability. Further studies to externally validate our results
are warranted.

In conclusion, incidental findings are found very commonly
on pelvic MRI for endometriosis, including overview sequences
from the kidneys to the pubic bone. Many incidental findings
have no, only minor, or uncertain consequences. Although less
prevalent, radiologists should be aware of findings with high
clinical significance.
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Objective: To evaluate whether performing laparoscopic endometrioma surgery
in the follicular or luteal phase affects changes in ovarian reserve.

Methods: This prospective cohort study was conducted in a university-
affiliated hospital. A total of 55 women who underwent unilateral laparoscopic
endometrioma removal were included in the study. Of these, 28 were in the
follicular phase of the menstrual cycle (follicular group), and 27 were in the
luteal phase (luteal group). The primary outcomes were the rates of decreased
anti-Mullerian hormone (AMH) levels and antral follicle counts (AFC) 6 months
after the surgery, which were compared between the groups.

Results: The groups were similar in patient characteristics and endometrioma
sizes. AMH levels and AFCs were significantly lower in the post-operative 6th
month compared with their pre-operative values (p < 0.05 for both groups). The
rate of decrease in AMH levels 6 months after the surgery was not significantly
different between the follicular and luteal groups (24.5 and 19.5%, respectively,
p>0.05). Similarly, the rate of decrease in AFCs 6 months after the surgery did
not differ between the groups (13.4 and 14.3%, respectively, p >0.05).

Conclusion: Performing laparoscopic endometrioma surgery, whether in the
follicular or luteal phase, does not seem to affect the changes in the ovarian
reserve.

Clinical trial registration: https://clinicaltrials.gov/study/NCT03484546,
identifier NCT034845.

KEYWORDS

endometrioma removal, ovarian damage, anti-Mullerian hormone, endometriosis,
ovarian reserve

Introduction

Many studies have shown that endometrioma surgery decreases ovarian reserve (1-3).
However, the definitive treatment of endometrioma-related dysmenorrhea, dyspareunia, and
suspicious adnexal masses is still the surgical removal of the endometriomas (4). Although
there is controversy regarding the indications for endometrioma removal, it remains a
frequently performed surgical procedure to relieve symptoms.
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Since endometrioma negatively affects ovarian reserve and
endometriosis is a known cause of infertility, preserving ovarian
reserve during endometrioma surgery may be more critical than other
ovarian cyst surgeries. Furthermore, endometrioma patients have a
higher risk of recurrence and the necessity for repetitive surgeries
compared to other ovarian cysts.

Studies indicate that surgical technique and the surgeon’s
experience are important factors in reducing the negative effect of
endometrioma surgery on ovarian reserve (5). Alternative surgical
techniques have been described in these studies. The main goal of
these techniques is to minimize damage to healthy follicles during
hemostatic procedures. Some of these techniques include suturing
instead of using electrocoagulation, using bipolar electrosurgical
instruments instead of monopolar, vasopressin injection, and the use
of hemostatic sealants (6-8). Although these techniques are partially
effective, they still do not seem to be sufficient to reduce the changes
in ovarian reserve.

Few studies have investigated other factors affecting the changes
in ovarian reserve. One of these factors is the menstrual cycle phase
during endometrioma surgery. Studies have observed differences in
the histological and vascular findings of ovaries based on the
menstrual cycle phases (9, 10). A study recently published by Wu et al.
(11) found that performing endometrioma surgery during the late
luteal phase reduces changes in ovarian reserve.

In our study, we investigated whether the extent of damage to the
ovarian reserve is affected by the menstrual cycle phases in
laparoscopic endometrioma removal.

Material methods

This prospective study was conducted in the Department of
Gynecology of Acibadem Mehmet Ali Aydinlar University Maslak
Hospital from 28 March 2018 through 1 October 2021 and approved
by the Institutional Ethics Committee (ATADEK, ID no: 2018-4/18).
Written informed consent was obtained from all participants. The
study was registered at Clinicaltrials.gov (ID No: NCT03484546).
https://clinicaltrials.gov/study/NCT03484546

All procedures followed the ethical standards of the 1964 Declaration
of Helsinki and its later amendments or comparable ethical standards.

Study design

Patients diagnosed with unilateral endometrioma by ultrasound,
aged between 18 and 40years, with regular menstrual periods, and
with indications for endometrioma removal were enrolled in the
study. Indications for the surgery were dysmenorrhea, dyspareunia,
increase in the size of cyst diameter and the suspicion adnexal mass
other than endometrioma. The exclusion criteria were as follows: the
presence of non-endometrioma cyst (according to pathology results),
bilateral or multiple cyst removal, an additional surgical procedure in
the same session, a history of previous ovarian surgery, pre- or post-
operative hormonal medication use (oral contraceptives, gonadotropin
analogs/antagonists, progestins), chronic anticoagulant use (possible
excessive hemostatic intervention), deep infiltrating endometriosis
and the presence of dense adhesions between endometrioma and
intraabdominal structures (Severe—Stage IV Revised-ASRM
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TABLE 1 Patient exclusion criteria.

Exclusion criteria

« Non-endometriomal cyst (according to final pathology report)

« Bilateral and/or multiple cyst removal

« Additional surgical procedure in the same session

« Previous ovarian surgery

« Oral contraceptive, gonadotrophic releasing hormone agonists or progestin use
in pre and post-operative period

o Chronic anti-coagulant use before operation

« Deep infiltrating endometriosis and severe adhesions between endometrioma
and intraabdominal structures (Severe Stage IV r-ASRM endometriosis
classification)

« Pregnancy within 6 months after the surgery

o Irregular menstrual periods whose menstrual phases cannot be determined

« Post-menopausal status, premature ovarian failure

endometriosis classification (12)), pregnancy within 6 months after
surgery, having irregular menstrual periods, premature ovarian failure
and post-menopausal status (Table 1).

The menstrual day of the patients on the operation day was
calculated by adjusting to a 28-day cycle using a formula described by
Ramakrishan et al. (13) and Song et al. (14). The adjusted day of the
menstrual cycle=(14 x day of the cycle at the time of surgery) / (cycle
length of the patient - 14). Patients whose adjusted cycle day <15 were
grouped as follicular, while those with an adjusted cycle day >15 were
grouped as luteal (Figure 1).

When our study was designed, there were no comparable studies in
the existing literature. In determining the sample size for power of our
study, we examined other studies exploring the impact of different
surgical techniques in endometrioma cystectomy on ovarian reserve. In
the study conducted by Song et al. (7), the preoperative and postoperative
percentage changes in AMH levels were evaluated based on two surgical
techniques (Bipolar Coagulation group: 42.2%; Suture group: 24.6%).
The calculation yielded an effect size of d=0.799, and it was determined
that a minimum of 26 individuals per group is necessary to achieve 80%
power at the 0.05 significance level. The G*Power program (Heinrich
Heine Universitéat Dusseldorf, 2020) was used to calculate the sample size.

Diameter measurements of endometriomas and antral follicle
counts of the same ovary were performed using transvaginal ultrasound
and recorded in the outpatient service. Ultrasonography were
performed vaginally by the same physician (OT) with GE Voluson S8
(GE Health Care, Chicago, United States) via wideband microconvex
endocavitary 180° 2.9-9.7 MHz probe. The operation day was scheduled
based on operating room availability and patient preferences. The
assignment of participants to study groups based on surgery during the
follicular vs. luteal phase was nonrandomized, thus our study is not a
randomized controlled study. On the surgery day, blood samples were
collected for pre-operative AMH levels in the inpatient service. The
serum was separated by centrifugation and stored at —70°C.

All operations were performed using the same technique by two
experienced surgeons (OT, MG) in minimally invasive gynecologic
surgery. Operations were performed via four abdominal ports (10 mm
umbilical, 5 mm right, left, and suprapubic ports). Ovarian surfaces
were incised, and endometrioma cysts were removed using the
stripping technique. Hemostasis was achieved with bipolar forceps
coagulation adjusted to 30 W power. No suturing or hemostatic agents
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FIGURE 1
Study flow diagram.

v

Analysed (n=27)

were used. Cysts were removed from the abdominal cavity in a
contained bag system. Operating time was defined as the time from
the first skin incision to the end of skin closure. Estimated blood loss
(EBL) was calculated as the difference in fluid volume between
irrigation and suction.

Patients whose diagnosis of endometrioma was confirmed in the
pathology reports were asked to be followed up 6 months after the
surgery. Antral follicle counts were performed on the operated ovary
with ultrasonography. Subsequently, blood samples were collected for
post-operative AMH levels. The serum was separated and stored
at =70°C.

After patient enrollment was completed, serum samples were
thawed. AMH levels were measured with an enzyme immunosorbent
assay kit (Ansh Labs, Webster, TX, United States) according to the
manufacturer’s instructions. Patient characteristics (age, BMI, gravida,
endometrioma diameter, antral follicle count) and surgery data
(operation time, EBL) were obtained from the study data records.

Outcome measures

The primary outcome was the decrease rate in AMH levels and
AFCs 6 months after the surgery. The decrease rate of serum AMH
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levels was defined as: Rate of decline (%) =100 x (Preoperative AMH
level — Postoperative AMH level) / Preoperative AMH level. The
decrease rate of AFC was calculated as: Rate of decline
(%) =100 x (Preoperative AFC—Postoperative AFC / Preoperative
AFC). The secondary outcome was the estimated blood loss in
the surgery.

Statistical analysis

All analyses were conducted in NCSS (Number Cruncher
Statistical System) 2020 Statistical Software (NCSS LLC, Kaysville,
Utah, United States). Quantitative variables were shown with mean,
standard deviation, median, and quartile values, and qualitative
variables were shown with descriptive statistical methods such as
frequency and percentage. The assumption of normality was made
with Shapiro-Wilk and Kolmogorov-Smirnov tests. Normal
distributed data were evaluated with the Student T-Test, while
non-normally distributed data was assessed with the Mann-
Whitney U and Wilcoxon Signed Rank test. Decrease rate of AMH
and AFC were compared with Mann-Whitney U test. Spearman’s
rank correlation coefficient was used to assess the correlation
between menstrual cycle day and the decreased rate of AMH levels.
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p value of <0.05 was considered as the threshold for
statistical significance.

Results

Of the 73 enrolled patients, 18 were excluded because they did not
meet the inclusion criteria [kissing ovaries (5), non-endometrial cysts
(3), bilateral cystectomy (1), declined to participate (3), could not
be reached after the operation (6)]. Fifty-five patients met the inclusion
criteria; 28 were in the follicular group, and 27 were in the luteal group
(Figure 1).

Age, body mass index (BMI), gravida, endometrioma diameter,
operative time, and estimated blood loss did not differ statistically
between the groups (Table 2). The median pre-operative AMH levels
were comparable between the groups (2.4ng/mL (1.3-4.6) and 2.8 ng/
mL (1.9-4.0) respectively, p=0.67). Post-operative AMH levels at
6 months were significantly lower than pre-operative AMH levels for
both the follicular and luteal groups (p=0.001 for both groups).
Additionally, post-operative AFCs at 6 months were significantly
lower than pre-operative AFC for both groups (p=0.03 and p=0.002,
respectively).

The rates of decrease in AMH levels for the follicular and luteal
groups (24.5 and 19.5%, respectively) were comparable (p=0.52).

The changes in AFC 6 months after the surgery were similar
between the groups, as well [13.4% (—9.4-25.0) and 14.3 (0-28.6),
respectively, p=0.54] (Table 3).

In addition, AMH difference rates did not correlate with
menstrual cycle day for both the follicular and luteal groups (p=0.68,
p=0.43,r=—0.08, r=—0.15, respectively).

Discussion

In our study, we prospectively evaluated the effect of being in the
follicular or luteal phase on the day of surgery on ovarian reserve in
patients who underwent laparoscopic endometrioma surgery. This
study concluded that the menstrual phase itself did not significantly
affect the extent of changes in ovarian reserve, measured through AMH
levels and AFCs. The estimated blood loss was also not affected by the
menstrual phase during surgery. In addition, there was no correlation
between the cycle day and the degree of changes in ovarian reserve.

TABLE 2 Patient characteristics.

Follicular Luteal fo)
(n=28) (n=27)
Age 29.96+7.01 31.07+6.57 “0.54
BMI “(kg/m?) 233+3.7 22.01+£3.45 0.17
Gravida 0(0-1) 0 (0-0) °0.93
Endometrioma Diameter (cm) 6 (4.6-7.8) 6 (5-7) ©0.47
Operation time (min) 62.04+12.93 57.96+15.77 °0.29
EBL? (ml) 47.5 (40-53.8) 50 (45-55) °0.32

Data are given as mean + standard deviation, median (Q1-Q3), Q1-Q3: %25-%75
percentiles.
*Student-f Test; "Mann Whitney-U Test; ‘Body Mass Index; ‘Estimated blood loss.
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Damage to healthy follicles in endometrioma surgery occurs in
two stages: the excision of the healthy cortical tissue while removing
the cyst and the injury to healthy follicles during hemostasis.
Alternative surgical techniques have been recommended to minimize
the damage to healthy follicles. Suturing instead of electro-coagulation
and using bipolar energy instead of monopolar for hemostasis are
some of recommended techniques (6, 15). In addition, using
hemostatic sealants can also be beneficial (16).

A limited number of studies have investigated variables other than
surgical technique to reduce ovarian damage in women undergoing
laparoscopic ovarian surgery. One possible variable that may alter the
extent of ovarian damage is the menstrual cycle phase on the day
of surgery.

Some studies claimed that operating on different days of the
menstrual cycle can change the amount of blood loss during surgery.
Paraskevaidis et al. found increased blood loss when the loop
electrosurgical excision procedure (LEEP) was performed in the luteal
phase of the menstrual cycle (17). Similarly, Sariguney et al. and
Findikcioglu et al. observed a significant increase in blood loss when
mammoplasty and rhinoplasty were performed in the luteal phase (18,
19). In contrast, other studies found no significant relationship
between the menstrual cycle phase on the day of surgery and blood
loss (20-23).

In our opinion, it is less likely that non-gynecologic organs are
affected by the phase of the menstrual cycle. However, gynecological
organs, whose functions and structures differ during the menstrual
cycle, may be affected by the menstrual cycle changes. It has been
well documented that the blood flow of the uterus and ovaries varies
with cyclic hormonal changes (24). Sladkevicius et al. showed that
the pulsatility index and time-averaged maximum velocity were
lower during the menstrual period in the dominant ovary (25). In a
study using Doppler ultrasonography throughout the cycle
conducted by Tan et al., FSH levels and the blood supply of the ovary
with the dominant follicle increased, while there was no change in
Doppler findings in the non-dominant ovary (24). These studies
suggest that ovarian blood flow varies within the different
cycle phases.

In the study by Song et al., medical records of 155 patients were
reviewed. They retrospectively concluded that the menstrual cycle
phase during surgery did not affect ovarian damage and was not an
essential factor in determining the optimal time for ovarian
cystectomy (14). This study had some limitations. The patients had
different gynecologic conditions (dermoid, endometrioma, other).
The cases that underwent bilateral cystectomy were also enrolled in
this study, which might have caused more injury to the ovarian reserve
than those undergoing unilateral cystectomy. Another limitation was
that post-operative AMH levels were measured 3 months after the
operations. In studies that measured AMH levels after ovarian surgery,
it was found that AMH levels recovered in the 6th month after surgery.
Thus, in our study, post-operative AMH levels were measured 6
months after the operations (3).

Wu et al. conducted a randomized controlled study on the subject.
They found that performing laparoscopic endometrioma removal in
the late luteal phase significantly reduces ovarian damage. In their
study, patients were given oral contraceptives (OC) to determine the
late luteal and early follicular phase groups. Although the prospective
randomized design strengthens this study, administering OC could
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TABLE 3 Comparison of pre-post operative AMH, AFC, and decrease rates.

10.3389/fmed.2024.1469858

FIRS FERiE gy Pre- Post- Decrease Decrease
operative operative pre- . :
operative operative rate of AMH rate of AFC
AMH (ng/ AMH (ng/ post AFC AFC %) (%)
ml) ml) AMH) A %
Follicular 2.4 2.01 20.001 7 (6-8) 6.5 (5-7) °0.03 245 13.4
(n=28) (1.3-4.6) (0.9-3.6) (12.8-48.3) (—9.4-25.0)
Luteal 2.8 2.07 #0.001 7 (6-8) 6 (5-7) 20.002 195 143
(n=27) (1.9-4.0) (1.2-3.9) (7.9-35.0) (0-28.6)
P %0.67 v0.82 50.67 50.83 v0.52 v0.54

Data are given as median (Q1-Q3), Q1-Q3: %25-%75 percentiles.
“Wilcoxon Signed Rank test; "Mann Whitney-U Test.

inhibit ovulation, potentially preventing regular physiological changes
in the ovaries related to blood flow and histology. In our study, patients
were grouped based on their natural cycles.

Our study has strengths and limitations. On the positive side, our
study was prospective and high-powered. All surgeries were
performed by the same surgeons using a standard technique, and
patients’ cycle phases were determined by optimizing their natural
menstrual cycles. However, our study also has limitations. We could
not confirm that the operated ovary led to the dominant follicle when
the surgery was performed, as no ultrasound follow-up or ovulation
tests were done during that menstrual cycle. Additionally, we did not
consider in which phase of the cycle the patients’ preoperative and
postoperative AFCs were performed. The main reason for this was
that AMH levels are not affected by cycle variations. While suturing is
recommended over electro-coagulation, it was not performed in our
study’s surgical technique. Nevertheless, we believe our study results
were not affected since the same technique was consistently used for
all patients. In addition, changes in AMH levels and AFC are used for
assessment of ovarian reserve changes, they are not always concordant
with clinical ovarian reserve. Furthermore, although our study had
high power, the sample size was relatively small.

In conclusion, the menstrual phase on the day of surgery does not
significantly affect ovarian reserve damage during laparoscopic
endometrioma removal. It suggests that surgeons may not need to
consider menstrual cycle phases when scheduling these surgeries,
allowing for more flexibility and convenience for both patients
and physicians.
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Observational studies have reported an association between gastroesophageal
reflux disease (GERD) and endometriosis. We conducted a two-sample and
bidirectional Mendelian randomization analysis to determine whether those
associations are causal. Two-sample and bidirectional MR analyses were
performed using summary statistics from the European Individual Genome-
Wide Association Study (GWAS). The inverse variance weighting (IVW) method
is used as the main analysis method to evaluate causality. Sensitivity analyses
were performed to assess heterogeneity, horizontal versatility, and stability. The
results showed no significant causal association between GERD in women with
endometriosis in the UK Bank database [ratio (OR) ~ 0, 95% adjusted interval (Cl)
1.0007~1.0044, P = 0.006] and Finn databases [ratio (OR) = 1.29, 95% adjusted
interval (Cl) 0.99~1.67, P = 0.06]. However, when studying the Finn database
only for endometriosis, which is confined to the uterus, a significant increase in
GERD was limited to the risk of endometriosis in the uterus [ratio (OR) = 1.47,
95% adjusted interval (Cl) 1.00~2.17, P = 0.05]. Sensitivity analysis showed that
the results were robust and did not detect multi efficacy or heterogeneity.
Meanwhile, reverse MR analysis showed that endometriosis did not increase the
risk of GERD. This MR study supports a causal relationship between GERD and an
increased risk of endometriosis confined to the uterus. Therefore, patients with
gastric esophageal reflux should be treated with gynecological examination to
avoid and prevent the development of endometriosis.

KEYWORDS

bidirectional Mendelian randomization (MR) analysis, gastroesophageal reflux disease,
risk of developing endometriosis, endometriosis confined to the uterus, endometriosis

1 Introduction

Endometriosis is a common benign disease in gynecology, affecting approximately
10% (190 million) of women and girls of childbearing age worldwide (1). It is a chronic
disease that is affected by estrogen regulation and is associated with dysmenorrhea, sexual
intercourse, bowel pain and/or urination pain, chronic pelvic pain, bloating, nausea,
and fatigue, and some patients also suffer from depression, anxiety and infertility (2).
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Patients bear a severe burden of life and psychology, with enormous
social and economic burdens (3-6). In addition, endometriosis
sufferers often experience symptoms of intestinal or bladder
irritation due to chronic pain comorbidities, which overlap with
other diseases, leading to significant delays in the diagnosis of
endometriosis after the onset of symptoms (7). Therefore, it is
important to explore the factors associated with endometriosis to
guide the early diagnosis and treatment of the disease.

Gastroesophageal reflux disease (GERD) refers to the reflux of
gastroduodenal contents into the esophagus causing acid reflux,
heartburn and other symptoms. Reflux can cause tissue damage to
the mouth, throat, and bronchial tract and other tissue damage near
the esophagus. Esophageal manifestations include asthma, chronic
cough, idiopathic pulmonary fibrosis, hoarseness, chronic sore
throat and tooth erosion (8). These nonspecific symptoms can
cause overlap or confusion with other diseases (8). A clinical
report in the United States showed that after long-term gastric
esophageal reflux treatment, patients with GERD had a history of
endometriosis and endometriosis resection and showed continued
progression of symptoms of dysphagia, vomiting and reflux, and
weight loss, with unknown causes and complications (9). The
American Gastroenterological Society study also suggests that
intestinal endometriosis can present with acute abdominal pain
and small intestinal obstruction on CT. Therefore, when women
of childbearing age have acute abdominal pain, the possibility
of endometriosis involving the gastrointestinal tract should be
considered (10, 11). Over the past five years, the American
Gastrointestinal Association has also reported a possible association
between a history of GERD and a history of hysterectomy in women
(12). In addition, in recent new drug reports, domestic and foreign
research institutes and companies have reported the invention
of novel prevention and treatment drugs for both endometriosis
and gastrointestinal diseases, which have synergistic effects (13-
15). Although the underlying mechanisms of these phenomena are
unclear, some evidence may support the potential of endometriosis
to cause GERD, which in turn can lead to elevated levels of
inflammation, leading to the development of endometriosis.

Although clinical observations and some current evidence
suggest a possible association between GERD and endometriosis,
it has not been possible to establish a causal link between
them. Mendelian randomization (MR) is an innovative approach
to optimizing observational epidemiology and can be used to
investigate the causal effects of altered exposure on health
outcomes (16).

The method introduces instrumental variables that affect
exposure only, independent of potential confounding factors
associated with outcomes and exposure outcomes, and will
use single nucleotide polymorphisms (SNPs), which are highly
correlated with exposure and randomized genetic variation, as
instrumental variables to assess the causal relationship between the
variable exposure and the outcome (17). SNPs have characteristics
that precede disease occurrence and are unaffected by the outcome
and the correlation between many confusing exposures and
outcomes; thus, MR studies can reduce the risk of potential bias
from confounding factors and reverse causation and effectively
evaluate the causal relationship between exposure and outcome
(18). To date, only one study of the correlation between GERD
and endometriosis using MR has been retrieved (19). However,
the study did not address the correlation between endometriosis
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and GERD at different sites. Therefore, this study explores the
causal relationship between GERD and endometriosis through
MR and further explores the correlation between endometriosis
at different sites. It seeks a new research direction for exploring
the pathogenesis of endometriosis at different sites and provides
a theoretical basis for endometriosis screening and early accurate
diagnosis of endometriosis in patients with GERD.

2 Materials and methods

2.1 GWAS summary-level data of GERD
and endometriosis

The overall flow chart of the bidirectional MR study is shown in
Figure 1. A genome-wide association study (GWAS) meta-analysis
was used to study European GERD data, which included 78,707
patients with GERD in Europe and 288,734 healthy controls (20).
These data are available in the GWAS Catalog project database
(21). In addition, the aggregate GWAS statistics for endometriosis
are from the FinnGen database (8,288 cases of endometriosis and
9,972 cases of healthy controls) and the UK Bank database (1,496
cases of endometriosis) (22). Among them, the FinnGen database
includes subsets of endometriosis occurring in fallopian tubes (116
cases of endometriosis and 146 cases of healthy controls), the uterus
(2,372 cases of endometriosis and 1,600 cases of healthy controls),
the pelvic peritoneum (2,953 cases of endometriosis and 3,940
cases of healthy controls), the ovaries (3,231 cases of endometriosis
and 3,865 cases of healthy controls), the rectal vaginal and vaginal
compartments (1,360 cases of endometriosis and 1,570 cases of
healthy controls) and the intestines (117 cases of endometriosis
and 375 cases of healthy controls). Table 1 provides details of the
GWAS summary level data of exposure and outcome analyzed
in this MR study. All data analyzed in this study were obtained
from publicly available databases in which ethical approval was
obtained for each cohort, and informed consent was obtained from
all participants prior to participation. Figure 2 shows endometriosis
at different sites. The specific analysis process (Example: GERD
as an exposure/endometriosis as an outcome example) is shown
in Figure 3.

2.2 Selection of instrumental variables

Mendelian randomization is a method of studying the causal
relationship between exposure and outcome using genetic variation
as an instrumental variable in medical research observations
(23). Instrumental variable (IV) selection satisfies correlation
with exposure, and IVs should be independent of any confusion
associated with the exposure result, which means that there are
no causal pathways from IVs to results, except through exposure
(24, 25).

The selection of gene variants involves controlling genome-
wide significance thresholds (p < 5 x 107®8) and screening SNPs
as IVs for MR analysis (16). Consideration of chained unbalanced
SNPs had an impact on the resulting effect values by removing
SNPs with 2 < 0.001 to the most significant SNP in the 10, 000kb
range of chromosomes to satisfy near-perfect chained equilibrium
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FIGURE 1

The overall flow chart of the bidirectional MR study. SNPs, single nucleotide polymorphisms. There are three assumptions of Mendelian
randomization design. The first assumption is that the genetic variants used as instrumental variables should be robustly associated with the
exposure; the second assumption is that the used genetic variants should not be associated with any confounders; and the third assumption is that
the selected genetic variants should affect the risk of the outcome merely through the risk factor, not via alternative pathways.

TABLE 1 Details of the GWAS summary-level data.

Traits N case N control Population Data accession address ‘
GERD 129,080 473,524 European https://gwas.mrcieu.ac.uk/
ENDOMETRIOSIS (UK Bank database) 1,496 446,991 European http://www.nealelab.is/uk-biobank
ENDOMETRIOSIS (FinnGen database) 8,288 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_FALLOPIAN_TUBE 116 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_UTERUS 2,372 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_PELVICPERITONEUM 2,953 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_OVARY 3,231 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_RECTPVAGSEPT_VAGINA 1,360 68,969 European https://r9.finngen.fi/
ENDOMETRIOSIS_INTESTINE 117 68,969 European https://r9.finngen.fi/

GERD, gastroesophageal reflux disease.

Uterus

Fallopian tube

Pelvic peritoneum L
T— Endometriosis

Rectpvagsept vagina

Intestine

FIGURE 2

Classification of endometriosis occurring at different sites. The main possible locations where endometriosis occurs in the tissues surrounding the
body of the uterus in women: pelvic peritoneum, rectpvagsept vagina, fallopian tubes, uterus, ovaries, intestine, etc.

between the two SNPs and to ensure the independence of each ~ GWAS pooled data were removed. The extent of weak instrumental
instrumental variable. Additionally, palindromic SNPs, outcome-  bias was assessed according to the f-statistic formula, and IVs with
associated SNPs (p < 0.05), and SNPs not present in the resultant ~ F > 10 were retained to avoid bias caused by weak IVs (26).
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v
MR analysis and sensitivity analysis
FIGURE 3

Specific analysis process. Example: GERD as a exposure/endometriosis as an outcome example; GERD, gastroesophageal reflux disease; SNPs,
single nucleotide polymorphisms; p, statistical p-value; r?, correlation index for evaluating the effect of the fitted regression; LD, linkage
disequilibrium; GWAS, genome-wide association study. GERD was selected as the exposure and endometriosis was selected as the outcome. The
screened instrumental variable (SNPs) was associated with exposure, fulfilling the following three conditions: p < 5 x 108, r2threshold = 0.001 and
LD = 10Mb. In addition, the aggregate GWAS statistics for endometriosis are from FinnGen database (8,288 cases of endometriosis and 9,972 cases
of health control) and UK Bank database (1,496 cases of endometriosis). If SNPs not available, using proxies r2 > 0.8, remove ambiguous SNPs and
harmonize the exposure and outcome data. Finally, MR analysis and sensitivity analysis were performed.

Body mass index, height, depression and anxiety, menarche,
reproductive history, back pain, and the influence of economic
factors may be potential confounders affecting GERD and
endometriosis (22, 27-34). To increase the credibility of the
findings, SNPs associated with these confounders (p < 5 x 1078)
were retrieved from the IEU Open GWAS program database and
excluded, and the number of these confounding accessions is
shown in Table 2.

2.3 Statistical methods

The MR study relied on three core instrumental variable
assumptions (correlation with exposure, independence from
confounders, and exclusion of restrictions unrelated to outcome)
to test the causal effect of exposure on outcome (16). Inverse
variance weighted (IVW) analysis was used to estimate the causal
effect of exposure and outcome using the Wald ratio estimator
based on the principles of meta-analysis (35). To demonstrate
the stability and directionality of the results, in addition to the
IVW method, two other MR methods [MR-Egger method and
weighted median method] were used to assess causality. The
MR-Egger method estimates the causal effect of genes on traits
by fitting a linear regression model that relates the effect of
genetic variation on traits to the effect of genetic variation on
gene expression. It also provides unbiased estimates, detecting
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TABLE 2 Sources of confounding factors.

Confounding
factors

Height

Sources

https://doi.org/10.1093/humrep/dex207 (27)

Body mass index

https://doi.org/10.1016/j.ejogrb.2004.11.019 (28)

Depression and anxiety

https://doi.org/10.2147/vhrm.s147173 (29)

Depression and anxiety

https://doi.org/10.1001/jamanetworkopen.2022.51214
(22)

Age at menarche

https://doi.org/10.1007/s00404-022-06541-0 (30)

Age at menarche

https://doi.org/10.1016/j.fertnstert.2012.05.035 (31)

Reproductive history https://doi.org/10.1097/01.A0G.0000142714.54857.f8
(32)
Back pain https://doi.org/10.3389/fncel.2020.590823 (33)

The influence of

economic factors

https://doi.org/10.1093/oxfordjournals.epirev.a036270
(34)

and correcting for propensity and reverse causation bias in causal
effect estimates (36). The weighted median method weights the
causal effects of different genetic variants on a trait and then
takes the weighted median as the final causal effect estimate.
This method is robust and can reduce bias due to deviations in
the estimates of certain genetic variants. However, the criterion
for using the weighted median method is that at least 50%
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TABLE 3 MR analysis results.

10.3389/fmed.2024.1440157

Exposure Outcome n SNP Method OR (95% Cl) P-value ‘
GERD ENDOMETRIOSIS (UK Bank database) 33 vw 1.001-1.004 0.006
33 MR-Egger 0.983-1.018 0.96
33 Weighted median 0.999-1.004 0.20
GERD ENDOMETRIOSIS (FinnGen database) 31 vw 0.992-1.666 0.06
31 MR-Egger 0.202-29.965 0.49
31 Weighted median 0.820-1.555 0.46
GERD ENDOMETRIOSIS_FALLOPIAN_TUBE 31 vw 0.155-4.328 0.81
31 MR-Egger 0.000-7.18e+08 0.58
31 Weighted median 0.098-1.01e+01 1.00
GERD ENDOMETRIOSIS_UTERUS 31 vw 0.999-2.166 0.05
31 MR-Egger 0.009-13.542 0.57
31 Weighted median 0.926-2.638 0.09
GERD ENDOMETRIOSIS_PELVICPERITONEUM 31 vw 0.764-1.753 0.49
31 MR-Egger 0.072-211.151 0.51
31 Weighted median 0.579-1.630 0.91
GERD ENDOMETRIOSIS_OVARY 31 vw 0.850-1.895 0.24
31 MR-Egger 0.200-412.233 0.27
31 Weighted median 0.695-1.787 0.65
GERD ENDOMETRIOSIS_RECTPVAGSEPT_VAGINA 31 vw 0.630-1.757 0.85
31 MR-Egger 0.157-2,533.167 0.24
31 Weighted median 0.401-1.602 0.53
GERD ENDOMETRIOSIS_INTESTINE 31 vw 0.263-3.886 0.99
31 MR-Egger 8.07e-06-1.07e+06 0.87
31 Weighted median 0.135-4.779 0.81

of the SNPs must satisfy the prerequisite of valid IVs (37).
A significance threshold of p < 0.05 was set, and the causal
association results were expressed as odds ratios (ORs) and 95%
confidence intervals (95% Cls).

2.4 Reverse MR analysis

Reverse MR analysis was performed to assess whether
endometriosis affects GERD, and screening instrumental variables,
Mendelian randomization analysis, and sensitivity analysis were
performed sequentially. Instrumental variables were selected as
described in Section “2.2 Selection of instrumental variables,” and
statistical methods were selected as described in Section “2.3
Statistical methods.”

3 Results

3.1 Results of MR analysis using Vs based
on genome-wide significance screening

MR results were based on instrumental variables screened at
the genome-wide significance threshold (p <5 x 107%), and a
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total of 44 SNPs associated with confounding factors (body mass
index, height, depression and anxiety, menarche, reproductive
history, back pain, and the influence of economic factors)
were excluded. The causal effect of GERD on endometriosis
and on endometriosis occurring in different locations was
assessed based on 33 instrumental variables after removing
the palindromic SNPs, outcome-associated SNPs (p < 0.05),
and SNPs that were not present in the outcome GWAS
pooled data. Detailed information on the confounding SNPs
associated with the results is provided in Supplementary
Table 1, and detailed information on the instrumental
variables for MR and the results of the analyses are provided in
Supplementary Table 2.

In all endometriosis databases, the f-statistics of all IVs were
greater than 10, ranging from 29.75~45.55, which excluded the
interference of weak instrumental variables on the results. In
addition, the results of MR analysis for IVs screened based on
genome-wide significance thresholds are shown in Table 3. The MR
results indicated that there was no significant causal relationship
between GERD and the occurrence of endometriosis (UK Bank:
OR %~ 0, 95% CI 1.0007-1.0044, P = 0.006; FinnGen: OR = 1.29,
95% CI 0.99-1.67, P = 0.06). In addition, MR results, occurring
in the subdatabases of fallopian tubes, pelvic peritoneum, ovaries,
rectovaginal septum with vagina and intestines, yielded the same

67 frontiersin.org
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Scatterplot of genetic correlations between exposure (endometriosis occurring at the uterus) and outcome (gastroesophageal reflux disease) based

on Vs screened at genome-wide significance thresholds.

conclusions as described above, and the results of MR analysis are
shown in Table 3.

However, in the subdatabase of endometriosis confined to the
uterine corpus, MR results demonstrated a causal relationship
between GERD and the development of endometriosis. Specifically,
MR results in IVW indicated that GERD significantly increased
the risk of endometriosis (OR = 1.47, 95% CI 1.00-2.17, P = 0.05)
(Table 3). In addition, two other MR methods yielded similar causal
estimates, including MR-Egger and weighted median (Table 3
and Figure 4). Sensitivity analyses were conducted to assess the
robustness of the MR results. The MR Steiger test indicated
that the inferred causal direction between exposure (GERD) and
outcome (endometriosis) was in the “right direction” (p < 0.05).
The Cochran’s Q test indicated that there was no heterogeneity
between IVs (p > 0.05) (Table 4). The results of the MR- Egger
intercept test and the MRPRESSO global test indicated that the
MR analyses were not potentially affected by any level of pleiotropy
(p > 0.05) (Table 5). Leave-one-out sensitivity analyses confirmed
the robustness of the MR results, as there were no prior SNPs
that severely affected the results upon exclusion (Supplementary
Figure 1).

3.2 Reverse MR results

Reverse MR analysis of the UK Bank database and
endometriosis occurring at the uterus with no valid IVs after
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removal of the palindromic SNPs, outcome-associated SNPs
(p < 0.05), SNPs not present in the resultant GWAS pooled data,
and SNPs associated with confounders. The FinnGen database
assessed the causal effect of endometriosis on GERD based on five
IVs. Detailed information on the IVs for reverse MR analysis is
shown in Supplementary Tables 3, 4. None of the MR methods
showed a causal relationship between endometriosis and GERD
(p > 0.05) (Table 6). The Cochran’s Q test showed that reverse
MR analysis was affected by heterogeneity (p < 0.05) (Table 7).
In addition, the MR-Egger intercept test and MR-PRESSO global
test showed that the reverse MR analysis was not affected by
horizontal pleiotropy (p > 0.05) (Table 8). Finally, leave-one-out
sensitivity analysis confirmed the robustness of the reverse MR
results (Supplementary Figure 2).

4 Discussion

In this study, bidirectional MR analysis was performed using
a variety of MR methods, and the results showed that from
the entire endometriosis dataset, no significant causality with
GERD was found in either forward or reverse MR analysis
(even though a significant causality was shown in the UK bank
database, the OR was approximately equal to 1, suggesting
that the occurrence of GERD did not significantly increase
the risk of developing endometriosis). These associations were
robust in sensitivity analyses, with no detectable heterogeneity
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TABLE 4 Heterogeneity results of Cochran’s Q test.

10.3389/fmed.2024.1440157

Exposure Outcome Method Cochran’s Q test

Q_df
GERD ENDOMETRIOSIS_UTERUS VW 20.54 29 0.875
GERD ENDOMETRIOSIS_UTERUS MR-Egger 2115 30 0.883

TABLE 5 Results of MR-Egger intercept test and MR-PRESSO global test for horizontal multivariate validity.

Exposure Outcome

MR-Egger intercept test

| MR-PRESSO global test
RSS obs

Intercept

GERD ENDOMETRIOSIS_UTERUS ‘ 0.045

0.057 ‘ 0.44 ‘ 22.66 ‘ 0.883

TABLE 6 Reverse MR results of causality of occurrence and endometriosis at the uterus on GERD.

R(o7%.
ENDOMETRIOSIS (FinnGen database) ‘ GERD 5 vw 0.965-1.077 0.49

‘ 5 MR-Egger 0.842-1.794 0.36

‘ 5 Weighted median 0.979-1.074 0.30

TABLE 7 Heterogeneity results of Cochran’s Q test in reverse MR analysis.

Exposure Outcome Method Cochran’s Q test
Q_df
ENDOMETRIOSIS (FinnGen database) ‘ GERD VW 29.86 7 1.01e-04
‘ MR-Egger 29.81 6 4.28¢-05

Exposure Outcome ‘

‘ Intercept ‘

ENDOMETRIOSIS (FinnGen database) GERD ‘ 0.002

MR-Egger intercept test

’ MR-PRESSO global test
] P-value ] RSS obs ] P-value

0.923 ‘

36.84 ‘ < 0.001

or pleiotropy. The above results were largely consistent in MR
analysis using IVs screened based on genome-wide significance
thresholds from databases in different countries, adding more
confidence to the results. Our findings are consistent with
the results of previous reports on this type of disease by
Adewuyi et al. (19). Surprisingly, however, when we analyzed
the data using the Finn database, which provides subdatasets
of endometriosis occurring in different locations, and when
analyzing each subdataset individually, we found that genetically
predicted GERD significantly increased the risk of endometriosis
occurring in the uterine corpus, while at the same time, the
reverse MR analysis revealed that confinement to the body of
the uterus of the endometriosis did not appear to be causally
related to GERD.

Previously reported observational studies have hinted at
a possible relationship between GERD and endometriosis.
Seaman et al. (38) found that endometriosis may coexist with
the manifestation of gastrointestinal symptoms compared
to healthy controls. Smorgick et al. (39) noted that the
associations were closer relative to adolescents and young
women, particularly in the adult female subgroup. Similarly,
a cross-sectional cohort study involving Danish women
found an association between gastrointestinal symptoms in
patients with endometriosis, with cause and effect unknown
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(40). El Moaein and Carpentier (9) performed a clinical
report showing the complex impact of a previous history of
endometriosis on gastroesophageal reflux disease. In addition,
the severity of gastroesophageal reflux can contribute to the
development of endometriosis. For example, Mysior et al. (10)
and Dasari et al. (11) reported that endometriosis involving
the gastrointestinal tract should be considered when identifying
acute abdominal pain in women of childbearing age. Although
these observational studies do not explain causality, they
provide sufficient evidence for an association between GERD
and endometriosis.

Endometriosis confined to the uterine corpus, also known as
adenomyosis, is a diffuse or confined lesion formed by the invasion
of endometrial glands and mesenchyme into the myometrium,
and its pathogenesis and pathophysiology have not yet been
clarified, although it has been reported to have some genetic
homology with endometriosis in other sites. The association of
the study population with other diseases is shown in Table 9,
from which it can be seen that the overlap between patients with
adenomyosis and those with intestinal endometriosis was 2.82%,
and with other gastroesophageal and gastrointestinal diseases
was less than 2%. There was about 7% overlap between these
study participants and those identified as being in stages 1,2
of endometriosis American Society for Reproductive Medicine
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TABLE 9 Association of study groups with other diseases.

10.3389/fmed.2024.1440157

TABLE 10 Drug use in the Finnish patient group.

Disease type Case overlap Drug type Case overlap
N (Jaccard N (Jaccard
index) index)
Endometriosis of intestine 162 (2.82) Use of eye-antiallergens (taken as indicator of 533 (1.73)
llergic/atopi j tiviti
Diverticular disease of intestine 850 (1.95) allergic/atopic conjunctivitis)
Benzodiazepine use 981 (1.65
Other diseases of intestines 1,898 (1.89) pineu (165
Use of i 1 195 (1.50
Diseases of esophagus, stomach and duodenum 1,321 (1.75) S¢ of pramipexole ( )
Care involvi f rehabilitati d 572 (1.56
Gastro-oesophageal reflux disease 707 (1.85) are involving use of rehabilitation procedures (1.56)
X . X Use of hypnotics and sedatives 1,421 (1.69)
Gastrointestinal diseases 3,711 (1.41)
X X » . Medicines for HER+breast cancer 282 (1.55)
Other noninfective gastroenteritis and colitis 191 (1.23)
i N Other (not insulin) diabetes medications 845 (1.11)
Diarrhea and gastroenteritis of presumed 543 (1.29)
infectious origin ILD medications: immunosuppressive drugs 445 (1.27)
Intestinal stricture 212 (1.22) ILD medications 1,562 (1.67)
Paralytic ileus and intestinal obstruction 186 (1.17) Diabetes medication 891 (1.05)
Other functional intestinal disorders 457 (1.75) ILD medications: prednisolone, 1,463 (1.73)
methylprednisolone, prednisone
Intestinal infectious diseases 770 (1.35) P P
. . Triptan medication for migraine, single purchase 1,148 (2.08)
Any gastric operation 3,206 (1.65) ok
Benign lei (o ith endometriosis 1,985 (21.49
enign felomyoma with endometriost ( ) Second line medication for Crohn’s disease 386 (1.26)
End triosis of rect inal sept d i 369 (4.63
ndometriosis of rectovaginal septum and vagina ( ) Codeine or tramadol medication 1,499 (1.91)
D d triosi 487 (5.79
eep encometriosis (579) First line medication for Crohn’s disease 1,675 (1.67)
Endometriosis diagnosis and infertility diagnosis 689 (7.85) X .
. Depression medications 2,352 (1.69)
occurring together
Statin medication 2,127 (1.29
Unspecified/other endometriosis 560 (6.47) 1eat ( )
L. X X Antihypertensive medication-note that there are 3,321 (1.32)
Endometriosis of pelvic peritoneum 888 (7.68) o
other indications
Endometriosis ASRM stages 1,2 913 (7.80) L.
Paracetamol of NSAID medication 5,150 (1.29)
Endometriosis of 825 (6.95
ndometriosis o ovary (695) N indicates the number of overlapping individuals between two diseases (or study endpoints).
Endometriosis ASRM stages 3,4 1,033 (7.50) The Jaccard index is used to measure the similarity of two sets with a value between 0 and 1,

Endometriosis 5,319 (28.11)

N indicates the number of overlapping individuals between two diseases (or study endpoints).
The Jaccard index is used to measure the similarity of two sets with a value between 0 and 1,
where 0 means completely different and 1 means completely the same, where the index is
taken as a percentage value. Only disease types with index percentile values greater than 1
and associated with intestinal endometriosis are listed in the table; other diseases with less
overlap with patient use are not listed.

(ASRM) and stages 3,4 of endometriosis ASRM. Notably, the
patients with adenomyosis studied had an overlap of more
than 20% with benign uterine fibroids with endometriosis and
endometriosis. Meanwhile, Table 10 provides the drug use in
the study population, which shows that the overlap between the
adenomyosis patients and the concomitant drug group was less
than 2% in all cases, with the exception of the “Triptan medication
for migraine,” which also had an approximate overlap of 2%.
Therefore, the conclusion of our study that gastroesophageal reflux
may somewhat increase the risk of developing adenomyosis was
less affected by the medications used by the study subjects, and
it can be ruled out that these patients were not at pathogenic
risk due to the use of medications. In the present MR study,
GERD can lead to an increased risk of adenomyosis without a
significant causal relationship with other sites of endometriosis,
which explores the possible different pathogenesis of adenomyosis
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where 0 means completely different and 1 means completely the same, where the index is
taken as a percentage value. Only medication types with Index percentile values > 1 are listed
in the table; other medications with low overlap of use with patients are not listed.

and other endometriosis from another new angle and provides a
new direction for further pathologic studies.

MR research is an innovative approach to inferring causality.
Compared to traditional observational studies, MR studies
eliminate confounding variables and reverse causation. Compared
to randomized controlled trials, MR studies are more effective,
and there are no ethical restrictions on their implementation. The
MR results showed that GERD significantly increased the risk of
endometriosis confined to the uterus IVW: OR = 1.47, 95% CI
1.00-2.17, P = 0.05) using IVs based on genome-wide significance
threshold screening. In addition, the extrapolation of the weighted
median approach was consistent with the results of IVW (37).
Subsequently, various sensitivity tests further demonstrated the
validity of the results.

Meanwhile, the reason for analyzing the slight difference with
the results of Adewuyi et al. (19) is most likely related to the
exclusion of confounders in the instrumental variables, and the
literature on MR analysis of GERD and endometriosis was cited
in the latest review of the causal relationship between different
exposures and endometriosis using Mendelian randomization,
which referred to the association between GERD and depression,
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and GERD may play a role as a mediating variable in depression
and anxiety affecting the occurrence of endometriosis, implying
that previous studies did not exclude the interference of depression
and anxiety as a confounding factor on the research results, and
can also indicate that this paper based on the results of the
latest research progress to exclude the new confounding factors
may get different analytical conclusions of research and practical
significance, and can provide a new reference value (41). On the
basis of previous studies and conclusions, we continue to dig deeper
into endometriosis occurring in different locations and find that
GERD may increase the risk of adenomyosis, which can also prove
the results of previous studies to a certain extent.

Several hypotheses could explain the increased risk of
adenomyosis caused by GERD. First, previous studies imply that
other syndromes of the intestinal tract are closely associated
with endometriosis conditions (15), both showing a tendency
to increase the overall level of chronic inflammation (39, 42,
43). In this context, the activation of mast cells and their
degranulation, followed by the release of lymphokines, tumor
necrosis factor-alpha, and the presence of proinflammatory
cytokines in mesenchymal tissues, promotes the persistence of
a chronic inflammatory situation (42, 44-47). Considering the
pathophysiologic mechanisms shared by GERD and endometriosis,
the possible diagnosis of both pathologies needs to be investigated
in the presence of severe pelvic pain. Second, depression and
anxiety may mediate GERD-induced endometriosis (22, 29). Since
GERD episodes may lead to elevated levels of central nervous
system inflammation, which may trigger depression and anxiety,
patients with GERD often suffer from more severe anxiety-
depression (48, 49). At the same time, anxiety depression produces
estrogen disorders, which exacerbate depression anxiety and
make endometriosis, which is regulated by estrogen, possible (2).
Therefore, it is necessary to maintain psychological support for
patients with GERD to maintain estrogen stability and reduce the
risk of subsequent endometriosis.

The current study has some strengths. First, this is an MR
investigation assessing the causal relationship between GERD and
endometriosis, which obtained not exactly the same conclusions as
previous studies and did not find a significant causal relationship
between GERD and endometriosis in both the positive and
negative directions. Second, the MR analyses in this paper were
performed using separate pooled-level data from large-scale GWAS
in different countries, which improves the confidence of inferences
due to the large sample sizes and different populations, and many
MR methods and sensitivity analyses were used to improve the
confidence of the results. Third, thanks to the Finn database, which
breaks down endometriosis occurring in different locations, the
present study enriches and completes the findings of previous
studies and is highly likely to imply a causal association between
GERD and specific sites of endometriosis occurrence. However,
this study has some limitations. First, the original GWAS pooled
data analyzed in this study were from a European population;
therefore, the findings may not be applicable to other ethnicities.
Second, due to the limitations of the GWAS pooled data, it was not
possible to stratify the analysis for general factors such as age and
gender. Third, it is difficult to ensure that the results are completely
independent of horizontal polymorphism effects. Therefore, we
performed a series of sensitivity analyses to demonstrate the
reliability of the results.
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5 Conclusion

Evidence is provided that genetically predicted GERD
increases the risk of adenomyosis. Therefore, symptomatic
treatment of patients with GERD should be complemented by
gynecological examination to avoid and prevent the development
of endometriosis.
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A Commentary on

The causal role of gastroesophageal reflux disease in endometriosis: a
bidirectional Mendelian randomization study

by Shi, Z, L, Z, Wang, K, and Yang, F. (2024). Ffront. Med. 11:1440157.
doi: 10.3389/fmed.2024.1440157

1 Introduction

Endometriosis is the most common benign gynecological condition, affecting
approximately 10% of women and girls of reproductive age worldwide (1). This is a
chronic disorder affected by estrogen regulation and presents with symptoms such as
dysmenorrhea, pelvic pain, and psychological distress that impose a great social and
economic burden on affected individuals (2). This timely diagnosis is further complicated
by the overlapping symptoms of intestinal or bladder irritation, thus delaying the
identification of the condition (3, 4). At the same time, in connection with gastroesophageal
reflux disease (GERD), non-specific symptoms include acid reflux and chronic cough,
which create diagnostic confusion with other conditions (5). Clinical observations have
pointed out a probable interrelationship between GERD and endometriosis (6), reporting
that women with GERD may experience exacerbation of symptoms after endometriosis
treatment (7). Although these clinical associations offer exciting prospects, it is very hard
to establish a cause-and-effect relationship. Mendelian randomization (MR) will be a
new strategy to fill this gap in the literature by using genetic variants as instrumental
variables in estimating the question of causality without the confounding inherent in
observational studies (8). Discussions by Shi et al. (9) on the cause-and-effect relationship
between GERD and endometriosis via MR reveal new insights into the pathogenesis
of endometriosis and further improves the early diagnosis and interventional strategy
for patients with endometriosis suffering from GERD. This study, however, has certain
limitations in some aspects.

74 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1522085
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1522085&domain=pdf&date_stamp=2025-05-16
mailto:2305470816@qq.com
https://doi.org/10.3389/fmed.2025.1522085
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2025.1522085/full
https://doi.org/10.3389/fmed.2024.1440157
https://doi.org/10.3389/fmed.2024.1440157
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wei et al.

2 Comments and analysis

2.1 Advantages

2.1.1 Innovativeness

This study uses an innovative bidirectional MR analysis
to investigate the causal relationship between GERD and
endometriosis. MR is a relatively new research approach that
uses genetic variants as instrumental variables, helping to mitigate
the influence of confounding factors and thereby improving the
accuracy of causal inferences. Traditional observational studies
often face challenges in establishing causality, whereas MR provides
a more rigorous framework for such investigations. This is the first
application of MR analysis to the relationship between GERD and
endometriosis, paving the way for exploring associations between
complex diseases and marking a significant advance in causal
inference research.

2.1.2 Methodological rigor

The study employs multiple MR analysis methods—including
inverse variance weighting (IVW), MR-Egger regression, and
weighted median approaches—to enhance the robustness of
causal inferences. By incorporating various methods, the research
validates the reliability of its results from different perspectives.
It also utilizes multiple sensitivity tests, such as Cochran’s Q test,
and the MR-PRESSO test, to assess the issues of pleiotropy and
heterogeneity. Using these tests strengthens the scientific rigor of
the study, helps control potential biases, and ensures the statistical
robustness of the findings. This methodological validation provides
stronger support for the credibility of the conclusions.

2.1.3 Reliability of data sources

The research data are obtained from large genome-wide
association study (GWAS) databases, including the UK Biobank
and FinnGen databases in Europe. These databases have undergone
strict ethical and data quality reviews, demonstrating high
reliability. The large sample size offers a wealth of genetic
information, providing statistical support for the analyses and
enhancing the efficacy and representativeness of the results. The
credibility of the data sources not only boosts the rigor of the
study but also increases the applicability of its conclusions in
European populations.

2.2 Limitations

Although bidirectional MR analysis was used, the lack of
additional methods for result verification limits the robustness of
causal inferences. In the reverse causal analysis, the small sample
size and insufficient number of effective instrumental variables
single nucleotide polymorphisms (SNPs), especially in the analysis
of localized endometriosis, which only included five SNPs, diminish
the statistical power of the reverse analysis results. Furthermore, the
study did not investigate the dose-response relationship between
the severity or duration of GERD and endometriosis, leading to a
somewhat one-sided understanding of the causal relationship.
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2.2.1 Inadequacies in data analysis

The study relies on p-values to determine statistical
significance without a detailed interpretation of effect sizes
and confidence intervals. Although the association between
GERD and endometriosis is statistically significant (OR = 1.47,
P = 0.05), the effect size is small and the confidence interval
approaches 1, indicating a weak actual impact (10). Additionally,
the insufficient effectiveness of the instrumental variables in the
reverse MR analysis may lead to weak instrument bias, affecting
the accuracy of causal inferences. The study also inadequately
controls for pleiotropy and heterogeneity, increasing the risk of
bias in data analysis.

2.2.2 Limitations in sample sources

While the study utilizes high-quality European datasets (UK
Biobank and FinnGen), the limited ethnic diversity of these
samples raises important concerns about the generalizability
of findings. Significant interethnic variations exist in both
prevalence (GERD: 18.1%—27.8% in
2.5%—7.8% in East Asian cohorts) and
genetic architecture (e.g., differential effect sizes for risk loci
such as rs1799964) (11). To address this limitation in future
research, we recommend (1) incorporating trans-ethnic GWAS

disease European

populations  vs.

consortia (e.g., Biobank Japan, China Kadoorie Biobank) with
standardized phenotyping protocols, (2) implementing genetic
ancestry principal components as covariates to account for
population stratification, and (3) conducting stratified analyses
by key demographic variables (age tertiles, body mass index
categories, and menopausal status) to evaluate effect heterogeneity
(12, 13). Such approaches would enable differentiation between
genetically driven and environmentally mediated mechanisms
while improving the clinical applicability of findings across
diverse populations.

2.2.3 Logical contradictions in causal inference

The results of the forward and reverse MR analyses are
inconsistent. The forward MR analysis indicates that GERD may
increase the risk of endometriosis, while the reverse analysis
shows no significant impact of endometriosis on GERD. This
unidirectional causal relationship lacks biological support and does
not adequately explain why GERD affects endometriosis without
reciprocal effects. This logical contradiction remains unresolved,
undermining the scientific rigor of the study.

2.2.4 Insufficient biological plausibility

While this study establishes a statistically significant association
between GERD and endometriosis (OR = 1.47, P = 0.05), the
biological mechanisms underlying this relationship remain
insufficiently explored. Current evidence suggests multiple
potential pathways: (1) GERD-induced gastric acid reflux
may promote chronic systemic inflammation, with elevated
cytokines (IL-6 and TNF-a) activating pelvic macrophages
and facilitating ectopic endometrial growth (3, 6); (2) acid
reflux-associated gut microbiota dysbiosis (14) and subsequent
immune dysregulation may disrupt the gut-endometrial axis,
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creating a bidirectional pathological loop (15); and (3) vagus
nerve activation by chronic reflux could alter the uterine
(16).
However, the modest effect size and the lack of mechanistic

microenvironment through neurogenic inflammation
validation limit clinical interpretation. Future research should
employ liquid biopsies to track inflammatory markers and
these

particularly focusing on the microbiome-immune interface

animal models to experimentally verify pathways,

and neuroendocrine crosstalk.

2.3 Impact on the field

This study pioneers the use of bidirectional MR to investigate
the causal relationship between GERD and endometriosis,
utilizing large-scale GWAS data from European populations. The
methodological rigor, including IVW, MR-Egger, and sensitivity
analyses, enhances the reliability of causal inferences.

Limitations include the lack of ethnic diversity in samples,
potential weak instrument bias in reverse MR analysis, and
insufficient exploration of biological mechanisms. While the study
provides novel insights, its clinical applicability is constrained
by small effect sizes (OR = 1.47) and unresolved bidirectional
inconsistency. Future research should integrate multi-ethnic
cohorts (e.g., Asian or African populations) and experimental
models to validate these findings, as suggested by recent
microbiome studies (14, 15).

2.4 Improvement suggestions

2.4.1 Validation with additional methods
To strengthen causal inference, should

implement a multi-method validation framework that combines

future studies
MR with complementary approaches. First, Bayesian MR methods
should be used to quantify posterior probabilities of causal
effects while incorporating prior biological knowledge about
GERD-endometriosis pathways. Second, sensitivity analyses
using different pleiotropy-robust methods (e.g., weighted median
and MR-PRESSO) should be systematically compared through
heterogeneity metrics (I> < 25% indicating consistency). For
dose-response evaluation, researchers should (1) stratify GERD
exposure by clinically validated severity indices (e.g., Los
Angeles classification grades) and treatment duration and (2)
apply non-linear MR techniques to detect potential threshold
effects. This integrated approach would address method-specific
assumptions while providing a more nuanced understanding of

the exposure—outcome relationship.

2.4.2 Emphasizing interpretation of effect sizes
and confidence intervals

Future data analyses should place greater emphasis on the
size of effects and confidence intervals to avoid overinterpreting
small but statistically significant effects, while ensuring the rigor of
causal inferences.
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2.4.3 Expanding ethnic diversity in samples

Incorporating diverse ethnic samples will help improve
the generalizability of the conclusions and uncover potential
differences in causal relationships across different races, providing
further support for personalized medicine.

2.4.4 In-depth exploration of biological
mechanisms

Future research should investigate the biological mechanisms
linking GERD and endometriosis through three key pathways:
(1) microbiome-immune interactions, where GERD-induced
dysbiosis may promote endometrial inflammation (14); (2)
neuroendocrine pathways mediated by vagus nerve signaling
(16); and (3) systemic inflammation involving elevated cytokines
(IL-1B, IL-6, and TNF-a) that enhance endometrial adhesion
and angiogenesis. These mechanisms should be explored using
multi-omics approaches, animal models, and liquid biopsy
techniques (16).

2.4.5 Incorporating mediating variable analysis
Future mediation analyses should employ a rigorous

two-step MR approach to investigate psychological and
biological mediators. Key steps include (1) identifying
candidate mediators through genetic correlation analyses

between psychiatric traits (e.g., depression GWAS) and

disease endpoints and (2) quantifying mediation effects
using instrumental variables for both exposure-mediator and
mediator-outcome pathways. Particular focus should be given
to Hypothalamic-Pituitary-Adrenal axis-related mediators (e.g.,
NR3Cl polymorphisms), with mediation effects considered
significant only when demonstrating >20% attenuation of the
primary association after adjustment. This approach maintains
biological plausibility while providing clinically interpretable

effect estimates.

2.5 A unified roadmap for causal translation

To operationalize these improvements, we propose a
translational pipeline: (1) Discovery Phase: trans-ethnic MR with
Bayesian False Discovery Rate (FDR) control; (2) Mechanistic
Phase: mediation (MENA + organoids); (3)
Clinical Phase: target prioritization via Population Attributable
Fraction (PAF) and Number Needed to Treat (NNT)-based

cost-effectiveness analysis. This framework explicitly links genetic

multi-omics

findings to clinical actionability while addressing all reviewer
concerns through measurable benchmarks (e.g., FDR < 0.05, PAF
> 10%, and NNT < 20).

3 Conclusion

This study, through MR methods, offers a new exploratory
pathway for the association between GERD and endometriosis.
However, limitations in methodology, sample diversity, and

frontiersin.org


https://doi.org/10.3389/fmed.2025.1522085
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wei et al.

biological explanation hinder a clear distinction between
correlation and causation. If future research can optimize
the aspects of methods, samples, and mechanisms, it will
provide more persuasive evidence for the study of associations
among complex diseases and promote the development of
this field.
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The causality between gut
microbiota and endometriosis: a
bidirectional Mendelian
randomization study

Hua Yang*

Department of Gynecology, The Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai, China

Background: Observational studies and animal experiments had suggested a
potential relationship between gut microbiota abundance and pathogenesis
of endometriosis (EMs), but the relevance of this relationship remains to be
clarified.

Methods: We perform a two-sample bidirectional Mendelian randomization
(MR) analysis to explore whether there is a causal correlation between the
abundance of the gut microbiota and EMs and the direction of causality.
Genome-wide association study (GWAS) data ukb-d-N80, finn-b-N14-EM, and
MiBinGen were selected. Inverse variance weighted (IVW), weighted median, and
MR Egger are selected for causal inference. The Cochran Q test, Egger intercept
test, and leave-one-out analysis are performed for sensitivity analyses.

Results: In the primary outcome, we find that a higher abundance of
class Negativicutes, genus Dialister, genus Enterorhabdus, genus Eubacterium
xylanophilum group, genus Methanobrevibacter and order Selenomonadales
predict a higher risk of EMs, and a higher abundance of genus Coprococcus
and genus Senegalimassilia predict a lower risk of EMs. During verifiable
outcomes, we find that a higher abundance of phylum Cyanobacteria, genus
Ruminococcaceae UCGO002, and genus Coprococcus 3 predict a higher risk of
EMs, and a higher abundance of genus Flavonifracto, genus Bifidobacterium,
and genus Rikenellaceae RC9 predict a lower risk of EMs. In primary
reverse MR analysis, we find that EMs predict a lower abundance of the
genus Eubacterium fissicatena group, genus PrevotellaZ, genus Butyricicoccus,
family Lactobacillaceae, and a higher abundance of genus Ruminococcaceae
UCGO009. In verifiable reverse MR analysis, we find that EMs predict a lower
abundance of the genus Ruminococcaceae UCG004 and a higher abundance
of the genus Howardella.

Conclusion: Our study implies a mutual causality between gut microbiota
abundance and the pathogenesis of EMs, which may provide a novel direction
for EMs diagnosis, prevention, and treatment, may promote future functional or
clinical analysis.

KEYWORDS

endometriosis, gut microbiota, Mendelian randomization, genome-wide association
study, causality
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Highlights:

e This study identifies specific GM taxa causally linked to EMs,
and conversely, demonstrates that EMs causally influences
certain gut microbiota taxa.

e Analysis of GM taxa may contribute to the non-invasive early

detection of EMs.

e The GM represents a novel and promising avenue
for the screening, treatment, and prevention of
endometriosis.

1 Introduction

Endometriosis (EMs) is a prevalent condition characterized
by the attachment, proliferation, and penetration of viable
endometrial tissue outside the uterus, which can lead to chronic
pain, reduced fertility, and the formation of nodules or masses due
to recurrent bleeding and inflammation. Affecting approximately
10% of women in their reproductive years, the global incidence
of endometriosis is estimated at around 196 million (1-3). The
treatment for this estrogen-dependent and currently incurable
condition typically focuses on alleviating symptoms, as even
surgical removal combined with hormonal therapy does not
guarantee immunity from recurrence. Moreover, the physical
and psychological toll on women before menopause contributes
to a significant socioeconomic burden. Surgical intervention
with histological verification remains the "gold standard" for
diagnosis, as non-invasive methods are yet to be established,
despite ongoing investigation into various biomarkers (4-6).
The complex etiology and pathogenesis of endometriosis have
been subjects of extensive research (7, 8), with the theory of
retrograde menstruation being widely accepted but insufficient
to explain the entirety of the disease’s biological mechanisms
(9). Alternative hypotheses, such as the presence of embryonic
Miillerian duct remnants (10), celomic metaplasia (11), and
vascular or lymphatic metastasis (12), along with the influence
of eutopic endometrium (13), have been proposed to supplement
and refine the understanding of EMs. However, a definitive causal
link has not been conclusively identified. The prevailing view
suggests that EMs is likely caused by an intricate interplay of
genetic, epigenetic, hormonal, environmental, and immunological
determinants (14).

The GM is defined as the collective microbial inhabitants of the
intestine, essential to health and playing pivotal roles in multiple
physiological processes, including metabolism, detoxification,
nutrient absorption, and the maintenance of homeostasis in
the intestinal mucous barrier, immune systems, and endocrine
systems (15-18). Perturbations in the composition and abundance
of gut microbiota can lead to damage of the mucosal barrier,
translocation of bacteria and endotoxins (19), elicitation of
various inflammatory responses (20), compromise of the immune
milieu (21), and alterations to the metabolome (22). Intestinal
dysbiosis not only locally affects the gastrointestinal tract but
also elicits systemic responses and has been suggested to
correlate with an array of immune or metabolic diseases, such
as Graves disease (23), multiple sclerosis (24), diabetes (25),
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systemic lupus erythematosus (26), reproductive disorders (27),
and cancers (28-31). Notably, certain bacteria within the gut
microbiota carry genes encoding estrogen-metabolizing enzymes,
which may regulate circulating estrogen levels (32). Given that
estrogen is directly linked to the onset and progression of
EMs, it is speculated that the gut microbiota could play a
crucial role in EMs.

Although the etiological and risk factors for EMs are
largely unknown, recent studies (33-35) have highlighted notable
variations at the genus level, with elevated levels of Prevotella,
Blautia, and Bifidobacterium, and reduced levels of Paraprevotella,
Ruminococcus, and Lachnospira in patients with EMs compared
to healthy controls. In the context of patients undergoing
abdominal hysterectomy, there has been an observable shift in
the microbial composition, particularly a marked increase in
the Proteobacteria phylum from 34.36% pre-surgery to 54.04%
post-surgery (36). In a mouse EMs model with intraperitoneal
injection of endometrial fragments, Ni et al. (37) found that
EMs was significantly linked to alternative GM abundance.
Chadchan et al. (38) found that metronidazole and broad-
spectrum antibiotics could reduce EMs growth in a surgical
mouse model. In Rhesus monkeys with EMs, Birney (39) also
found significant alterations in the GM between EMs and
healthy controls; EMs was related to a higher abundance of
gram-negative bacteria and a lower abundance of Lactobacilli.
A similar correlation had been found in human studies. Shan
et al. (40) found that the alpha diversity of GM and the
Firmicutes/Bacteroidetes ratio were statistically different between
stage III/TV EMs and healthy controls. Ata et al. (41) found that
compared to healthy women, stage III/TV EMs had an elevated
ratio of Shigella/Escherichia in their stool. Svensson et al. (42) also
found lower alpha diversities, beta diversities, and the ratio of
Firmicutes/Bacteroidetes in EMs patients. Although these studies
suggest that the GM is correlated with EMs, the real effect and
impact on EMs are largely unknown. The causal relationship
between GM and EMs had been insufficiently addressed owing
to the limitations of conventional observational studies that
were susceptible to potential confounding bias or reverse causal
bias, our research primarily focuses on analyzing the microbial
composition at different taxonomic levels, ranging from phylum
to species, to understand their role in EMs. By examining
these diverse taxonomic ranks, we aim to uncover patterns and
correlations that may contribute to our understanding of microbial
influence on EMs.

Mendelian randomization (MR) analysis is a sophisticated
epidemiological statistical methodology that circumvents the
inherent limitations of conventional observational studies.
It offers a powerful approach to mitigate the influence of
confounding variables and the potential for reverse causation,
which often plague such research. This is achieved by
leveraging germline single nucleotide polymorphisms (SNPs),
which are randomly assigned at conception, to calculate the
causal relationship between an exposure and an outcome
The dual-
sample, bidirectional Mendelian randomization analysis to

of interest. current investigation employs a
robustly assess the causal nature of these interactions, thereby
contributing to our understanding of the complex interplay

between the GM and EMs.
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2 Materials and methods

2.1 Inclusion criteria

(1) Human subjects only: Data must be derived from human
participants to ensure relevance to the studys focus
on EMs in humans.

(2) Genome-Wide Association Studies (GWAS) databases: Only
data from publicly available GWAS databases will be included,
specifically focusing on those that compare Single Nucleotide
Polymorphisms (SNPs) between individuals with EMs and
healthy controls.

(3) Language and time restrictions: There are no language or time
restrictions applied to the selection of studies, allowing for a
comprehensive review of available literature.

(4) Population-scale cohorts: Studies should include population-
scale cohorts with sufficient sample sizes to ensure
statistical power in detecting associations between SNPs
and endometriosis risk.

(5) High-density SNP arrays: Studies must have utilized high-
density genome-wide SNP arrays for genotyping to ensure the
accuracy and comprehensiveness of the genetic data.

(6) European descent: This study focuses on individuals of
European descent to maintain consistency in the genetic
background across the samples analyzed.

(7) Healthy controls: Studies must include non-gender-specific
health controls without any diagnosed endometriosis to serve
as a comparison group for identifying genetic differences
associated with the disease.

2.2 Exclusion criteria

(1) Preclinical or animal models: Data obtained from preclinical
studies or animal models will be excluded, as the focus is on
human genetic associations with endometriosis.

(2) Non-GWAS data: Studies that do not employ a GWAS
approach or do not compare SNPs between cases and controls
will be excluded.

(3) Insufficient sample size: Studies with inadequate sample sizes,
which may limit the ability to detect significant associations,
will be excluded.

(4) Lack of control group: Studies lacking a proper control
group of healthy individuals without endometriosis will
not be considered.

2.3 Genome-wide association study
(GWAS) statistics of EMs

The GWAS databases included for the study compared SNPs
between individuals with EMs and healthy controls without
language or time restrictions, excluding data from preclinical or
animal models. After evaluation, two major public mete-datasets on
EMs were selected: ukb-d-N80 (43): includes 9,983,671 SNPs, with
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1,496 EMs cases and 359,698 non-gender-specific health controls of
European descent, and finn-b-N14-EMs (44): comprises 16,377,306
SNPs, with 8,288 EMs cases and 68,969 non-gender-specific health
controls also of European descent.

2.4 GWAS statistics of gut microbiota

The GWAS data on GM, MiBioGen (45), was published in
2021, which has amassed 18 population-scale cohorts comprising
approximately 19,000 individuals. This initiative seeks to generate
novel insights for the burgeoning field of microbiome research.
Each participating cohort has conducted comprehensive surveys
of the gut microbiota utilizing 16S rRNA gene sequencing and
has performed genotyping on their participants using high-
density genome-wide SNP arrays. In total, 197 taxa were
included (comprising 9 phyla, 16 classes, 19 orders, 33 families,
and 120 genera), and 14 unknown taxa (11 genera and 3
families) were excluded.

2.5 Instrumental variable selection

GM is analyzed in distinct independent taxa. To ensure the
robustness and veracity of the analysis results, several optimization
strategies are used to extract closely related instrumental variables
(IVs) (28, 46-48). Initially, a strong statistical threshold of
p < 5 x 1078 is set to extract SNPs intensively correlated
with the GM. However, since no SNPs meet this criterion for
most taxa, a second threshold of p < 5 x 107¢ is adopted
for MR analysis. Minor allele frequency (MAF) threshold = 0.01
is set to filter common SNP mutations. To avoid bias caused
by LD among IVs, an R-squared (R?) value less than 0.001
and a clumping distance of 10,000 kilobases (kb) are used as
thresholds to clump SNPs with LD. The horizontal pleiotropy of the
SNPs is tested using MR-PRESSO. Outlier tests compute p-values
for individual significant pleiotropy, while global tests compute
p-values for overall significant pleiotropy. SNPs are ranked by
increasing p-values and removed sequentially. The MR-PRESSO
global test recalculates the p-value for the remaining SNPs until
it exceeds 0.05. We also calculate F statistics to avoid weak IVs
bias. The formula used was F = R* x (N-1-K)/(1-R?) x K,
R? represents the coefficient of determination, which indicates
the proportion of the variance in the dependent variable that
is predictable from the independent variables. N is the sample
size, or the total number of observations. K is the number of
independent variables in the regression model. The term (N-1-
K) represents the degrees of freedom for the regression model.
The term (1-R?) represents the proportion of variance that is not
explained by the regression model. The term K in the denominator
represents the degrees of freedom for the residuals. The F-statistic
is calculated by multiplying R?> by the ratio of the regression
degrees of freedom to the residual degrees of freedom, adjusted
for the unexplained variance. This value is used to test the null
hypothesis that all coeflicients in the population regression model
are equal to zero. A higher F-statistic value suggests that the model
explains more of the variance in the dependent variable and is
less likely to be due to random chance. Where SNPs with F-values
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below 10 were discarded in subsequent MR analyses. We check the
genotype-pheotype associations during website PhenoScanner for
each SNP, those SNPs related with potential confounding factor
of EMs are removed. The remaining SNPs are then used for
subsequent MR analysis. These strategies aim to ensure that the
SNPs effectively influence both the exposure (GM) and the outcome
(EMs), maintaining the validity of the MR analysis.

2.6 Mendelian randomization analysis

The causal correlation between GM and EMs is inferred using a
bidirectional two-sample Mendelian randomization (MR) analysis.
The following steps are undertaken:

Selection of SNPs for GM: SNPs closely associated with
gut microbiota are selected from the GWAS data to test for a
causal effect on EMs.

Selection of SNPs for EMs: SNPs closely associated with EMs
are used as exposure variables in the reverse MR analysis, with the
abundance of gut microbiota as the outcome to test if EMs have an
effect on altering the gut microbiota.

MR methods: Three main MR methods are employed for
the analysis of multiple SNPs: Inverse-variance weighted (IVW)
method, this method is considered more robust than the other
methods and thus the primary reliance for MR results. Weighted
median estimator (WME). MR-Egger regression. The Wald ratio
test (49) is applied when only one SNP is included in the analysis to
evaluate the association between gut microbiota taxa and EMs.

Sensitivity tests: These are conducted to assess the reliability
of the findings: Leave-one-out test (50): Used to determine if the
causal correlation is due to a single SNP. Causal direction test:
Compares the variance caused by the SNPs in the exposure to that
in the outcome to establish directional robustness. F-statistics (51):
Calculated to identify weak instrumental variables (IVs), where an
F-value less than 10 indicates a weak IV and leads to its exclusion
from subsequent MR analysis.

Software: All analyses are performed using R for Windows
version 4.3.0, utilizing the "TwoSampleMR" package for
the MR analysis and the "MR-PRESSO" package for testing
horizontal pleiotropy.

2.7 Heterogeneity

Cochran’s Q statistic (52) is utilized to test for heterogeneity
among the instrumental variables. A Q-value greater than the
number of SNPs minus one or a p-value less than 0.05 suggests
heterogeneity and invalid I'Vs.

The flowchart detailing the MR analysis process is presented in
Figure 1.

3 Results

3.1 SNP selection

In the first step of the analysis, SNPs associated with individual
GM taxa are extracted. A total of 1 to 11 SNPs are associated
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with each of the 197 taxa (comprising 9 phyla, 16 classes, 19
orders, 33 families, and 120 genera) at a significance level of
p <5 x 107%. This selection is based on the optimization strategies
previously outlined. The number of SNPs per taxon is detailed in
Supplementary Table 1. No pleiotropic effects are identified by the
MR-PRESSO global test (p > 0.05).

3.2 Primary causal correlation of GM on
the risk of EMs

Using a statistical threshold of p < 5 x 107 and with GWAS
data from ukb-d-N80 as the outcome, the analysis reveals that a
higher abundance of the class Negativicutes is causally linked to
a higher risk of EMs (b = 0.002521, p = 0.01863 by IVW test)
(Figure 2). Homogeneous results are obtained by MR Egger and
Weighted median tests, with no horizontal pleiotropy (p = 0.359)
or heterogeneity (p = 0.4014) detected among the SNPs. The causal
direction analysis shows that the variance explained in exposure
is significantly stronger than in the outcome (p = le-36), and the
leave-one-out test confirms that the causality is not driven by a
single SNP. These findings suggest that the causal relationship
between the class Negativicutes and EMs is robust. Additionally,
higher abundances of the genus Dialister, genus Enterorhabdus,
genus Eubacteriumxylanophilum, genus Methanobrevibacter, and
order Selenomonadales are found to causally predict a higher risk
of EMs (Figure 2 and Supplementary Table 2). Conversely, a higher
abundance of the genus Coprococcus 1 causally predicts a lower risk
of EMs (b = -0.003294, p = 0.001354 by IVW test) (Figure 2), with
homogeneous results from MR Egger and Weighted median tests,
no horizontal pleiotropy (p = 0.657), no heterogeneity (p = 0.5713),
and a strong significant variance explained in exposure over
outcome (p = 4.34e-36). The leave-one-out test supports that the
causality is not influenced by a single SNP. These results indicate
that the causal correlation between the genus Coprococcus 1 and
EMs is robust. Furthermore, a higher abundance of the genus
Senegalimassilia causally predicts a lower risk of EMs (b = -
0.003588, p = 0.02319 by IVW test) (Figure 2). However, there are
not enough SNPs (n = 2) to perform the MR Egger and Weighted
median tests.

3.3 Verified causal correlation of GM on
the risk of EMs

With a statistical threshold set at p < 5 x 107® and using
GWAS data from finn-b-N14-EMs as the outcome, the analysis
shows that a higher abundance of the phylum Cyanobacteria is
causally linked to a higher risk of EMs (b = 0.2114, p = 0.03997
by IVW test) (Figure 3). Consistent results are obtained from MR
Egger and Weighted median tests, with no horizontal pleiotropy
(p = 0.359) or heterogeneity (p = 0.4014) detected among the
SNPs. Although there is not enough data for causal direction
analysis, the leave-one-out test indicates that the causality is not
influenced by a single SNP. These findings suggest that the causal
relationship between the phylum Cyanobacteria and EMs is robust.
Additionally, a higher abundance of the genus Ruminococcaceae
UCG002 and genus Coprococcus 3 is found to causally predict
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FIGURE 1
The flowchart of the present mendelian randomization (MR) analysis

a higher risk of EMs (Figure 3 and Supplementary Table 3).
Conversely, a higher abundance of the genus Bifidobacterium is
causally linked to a lower risk of EMs (b = -0.2059, p = 0.02419
by IVW test) (Figure 3), with consistent results from MR Egger
and Weighted median tests, no horizontal pleiotropy (p = 0.73), no
heterogeneity (p = 0.6216), and the leave-one-out test confirming
that the causality is not driven by a single SNP. These results suggest
that the causal relationship between the genus Bifidobacterium and
EMs is robust. Furthermore, a higher abundance of the genus
Flavonifractor and genus Rikenellaceae RC 9 is found to causally
predict a lower risk of EMs (Figure 3 and Supplementary Table 3).

3.4 Primary causal correlation of EMs on
GM

In this analysis, with a statistical threshold setat p < 5 x 1079,
23 closely related SNPs are extracted as instrumental variables
(IVs) for the GWAS data from ukb-d-N80, using GM taxa as the
outcome. The results indicate that EMs causally predict a higher
abundance of the genus Ruminococcaceae UCG009 (b = 28.39,
p = 0.0008221 by IVW test) (Figure 4). Consistent findings are
observed through MR Egger and Weighted median tests, with
no horizontal pleiotropy (p = 0.63) or heterogeneity (p = 0.635)
detected among the SNPs. The causal direction analysis reveals
that the variance explained in exposure is not significantly
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different from the variance explained in the outcome (p = 0.285),
and the leave-one-out test confirms that the causality is not
driven by a single SNP. These findings suggest that the causal
relationship between EMs and the increased abundance of the genus
Ruminococcaceae UCG009 is robust. Additionally, EMs are found
to causally predict a lower abundance of the genus Eubacterium
fissicatena (b = -28.39, p = 0.0008221 by IVW test) (Figure 4),
with homogenous results from MR Egger and Weighted median
tests, no horizontal pleiotropy (p = 0.362), and no heterogeneity
(p = 0.4528) detected. The causal direction analysis shows that the
variance explained in exposure is not significantly different from
the variance explained in the outcome (p = 0.287), and the leave-
one-out test indicates that the causality is not influenced by a single
SNP. These results suggest that the causal association between EMs
and the reduced abundance of the genus Eubacterium fissicatena
is robust. Furthermore, EMs are found to causally predict lower
abundances of the genus Prevotella7, genus Butyricicoccus, and
family Lactobacillaceae (Figure 4 and Supplementary Table 4).

3.5 Verified causal correlation of EMs on
GM

With a statistical threshold set at p < 5 x 107°, 30 closely
related SNPs are used as instrumental variables (IVs) for the GWAS
data from finn-b-N14-EMs, using GM taxa as the outcome. The

frontiersin.org


https://doi.org/10.3389/fmed.2024.1434582
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Yang 10.3389/fmed.2024.1434582
Forest Plot
order Selenomonadales F—eo—
genus Senegalimassilia | o }
genus Methanobrevibacter ]
o 9genus Eubacterium xylanophilum f—eo——
1 se
8 ® 0.00100
aQ ® 0.00125
ﬁ @ 0.00150
genus Enterorhabdus fF—eo——]
genus Dialister | L }
genus Coprococcus 1 ——eo——]
class Negativicutes e ——
-0.004 0.000 0.004
Effect Size (Beta)
FIGURE 2

The forestplot summarized the causality of gut microbiota on the risk of endometriosis during Genome wide association study (GWAS) data:

ukb-d-N80.

analysis reveals that EMs causally predict a higher abundance of the
genus Howardella (b = 0.1271, p = 0.01087 by IVW test) (Figure 4).
This finding is supported by consistent results from the MR Egger
and Weighted median tests. No horizontal pleiotropy (p = 0.275)
or heterogeneity (p = 0.5403) is found among the SNPs. Although
there is not enough data for causal direction analysis, the leave-
one-out test indicates that the causality is not influenced by a single
SNP. These results suggest that the causal correlation between EMs
and an increased abundance of the genus Howardella is robust, as
illustrated in Figure 4 and Supplementary Table 5. Additionally,
EMs are found to causally predict a lower abundance of the genus
Ruminococcaceae UCG004 (b = -0.07478, p = 0.01742 by IVW
test) (Figure 4), with homogeneous results from the MR Egger
and Weighted median tests. No horizontal pleiotropy (p = 0.391)
or heterogeneity (p = 0.4917) is detected among the SNPs. While
there is insufficient data for causal direction analysis, the leave-one-
out test confirms that the causality is not affected by a single SNP.
These results suggest that the causal association between EMs and
a decreased abundance of the genus Ruminococcaceae UCG004 is
robust, as shown in Figure 4 and Supplementary Table 5.

Frontiers in Medicine

4 Discussion

The present study is the first to employ a bidirectional MR
approach to investigate the reciprocal causal relationships between
the GM and EMs. This research holds significant potential for
guiding clinical practice in the field of microbiome studies. From
the largest GWAS datasets on GM and two independent EMs,
robustly associated SNPs have been extracted. A thorough genetic
correlation analysis of over 400,000 European individuals has
led to the discovery that SNPs predisposing to certain GM taxa
have a causal relationship with EMs. Conversely, it has also been
found that SNPs predisposing to EMs have a causal relationship
with specific GM taxa. These findings suggest a new direction
for the non-invasive early diagnosis of EMs. Targeting the GM
may represent a novel strategy for the prevention, treatment, and
long-term management of EMs.

The GM plays a pivotal role in human health, influencing
multiple aspects of physiology and immunity. Eubiosis refers to
a balanced GM that contributes to host health, whereas dysbiosis
indicates an imbalance associated with disease states like EMs.
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Dysbiosis may promote EMs by increasing intestinal permeability
and systemic inflammation, potentially altering immune responses
and fostering a pro-inflammatory milieu that facilitates EMs
development (53-55). EMs is a very common disease during
the childbearing period for females, causing serious health and
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mental distress. Many of these women experience chronic pelvic
pain, infertility, excessive bleeding, and so on. The diagnosis is
delayed usually because it can only be definitely diagnosed by
invasive methods (56), and curative treatments are unavailable
because it is estrogen-dependent. In the past few years, owing to
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the rapid development of science technologies, omics research,
bioinformatics, and high-throughput sequencing technology, a
growing body of research had found the potential relationship
between gut microbiota and EMs (57-59). In recent decades,
despite alterations in gut microbiota had been reported in animal
models and females with EMs, the results were inconsistent, and
whether there was a causal correlation and the direction of causality
between EMs and gut microbiota abundance was unclear.

In this MR study, dual verification is adopted to verify the
robustness of causality. For primary analysis, we set GWAS
data: ukb-d-N80 (included 1496 cases and 359698 controls from
European ancestors) as the outcome, MR results find genetic
liability to class Negativicutes, genus Dialister, genus Enterorhabdus,
genus Eubacteriumxylanophilum, genus Methanobrevibacter, order
Selenomonadales, genus Coprococcus 1 and genus Senegalimassilia
causally associate with EMs. For verifiable analysis, we set
summary GWAS data: finn-b-N14-EMs(included 8288 cases
and 68969 controls from European ancestors) as the outcome,
MR results find genetic liability to phylum Cyanobacteria,
genus Ruminococcaceae UCGO002, genus Coprococcus3, genus
Bifidobacterium, genus Flavonifractor and genus Rikenellaceae RC9
causally associate with EMs. Our results suggest that certain GM
taxa may be involved in pathogenesis of EMs, and GM analysis may
help to identify females at high risk for EMs and may be helpful to
diagnose EMs at an earlier time.

EMs pathogenesis contains complex metabolic, genetic,
immunological, and immunological alterations. Most recent
evidence shows that intercellular crosstalk through micro-RNA
has a critical role in EMs. To date, the exact mechanism by
which the GM affects EMs is largely unknown. Baker et al. (60)
found a vicious cycle between GM and EMs through chronic
stress and B-adrenergic signaling, regarded as the “estrogen-gut-
brain axis.” Chadchan et al. (38) found that short-chain fatty
acids in the gut might affect the gut immune barrier, might
regulate the pathogenesis of EMs. Jiang et al. (61) found GM
might affect the formation and function of lymphoid structures
and immune cells during the intestinal wall, might affect the
development of EMs. Due to immunological dysfunction of
immunological (62) and estrogen homeostasis (63) playing a key
role in the development and progression of EMs, and the potential
influence of GM on immune and estrogen levels, researchers
speculate that immunological and estrogen mechanisms maybe
the key mediators.

The histopathological features of EMs are characterized by
local inflammation. An imbalance of the inflammatory reaction
and immune system is a crucial cause of EMs. Recent studies had
shown a strong relationship between alterations in gut microbiota
and psoriasis (64), inflammatory bowel disease (65), arthritis
(47), neuropsychiatric diseases (66), and some cancers. These
can be partially explained by the immunoregulation of the GM
for systemic inflammatory reactions. As unbalanced immune and
inflammatory responses are thought to be involved in EMs, the
causality between GM and EMs is logically rational. A mouse
model found that fecal transplant from EMs mice could alter
EMs progression accompanied by modulation of inflammatory
and immune responses. Lui et al. (67) found that alteration of
GM might influence the composition and function of mucosal T
cells (Th1, Treg, Thl7, etc.), which might cause an imbalance in
the mucosal immune system, further triggering inflammation and
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disease. Kogut et al. (68) found that alteration of GM could cause
elevated levels of systematic immune mediators. Macrophages are
the predominant immune cell population in the ascites of EMs
and may play an important role in EMs. Elkabets et al. (69), Lobo
et al. (70), and Rao et al. (71) found dysfunctional NK cells could
damage the phagocytic activity of macrophages and induce Treg
lymphocytes, which might promote ectopic endometrial cells to
escape from immune surveillance. Recent studies had suggested
that alterations in GM abundance might cause inappropriate
macrophage activity (72, 73), which might be involved in the
pathogenesis of EMs. Unfortunately, due to the limitation of GWAS
data on immune cells and immune mediators, we can not explore
whether there is a causality between GM and immune systems,
or whether the causality between GM abundance and EMs is
mediated by immune systems, which is also a crucial implication
for further research.

Another potentially critical mediator between GM and EMs is
estrogen. Previous research had shown that alterations in the GM
might lead to increased circulatory estrogen levels (74, 75). Certain
taxa of GM can produce B-glucuronidase or B- Pglucosidases
involved in estrogen metabolism, which is defined as "estrobolome”
(76). Estrogen metabolism mainly occurs in the liver. The liver can
inactivate estrogen through sex hormone-binding globulin. The p-
glucuronidase or B-glucosidases came from the GM can catalyze the
decomposition of conjugated estrogen; thus, estrogen reabsorption
from the intestine is upregulated. High-throughput sequencing of
gut microbial genome finds multiple bacterial taxa carries the gene
coded for B-glucuronidase or B-glucosidases, including Bacteroid,
Bifidobacterium, Escherichia, Lactobacillus, and Lactobacillus (77—
79). Yan et al. (80) found that the abundance of Escherichia
was higher in the stool of patients with EMs than in healthy
controls. Yuan et al. (81) also reported a higher abundance of
Bifidobacterium and Escherichia in EMs mouse models. In our
MR study, we find genetic liability to the genus Bifidobacterium
(belonging to the astrobleme) causally associates with EMs,
confirming that the GM maybe involved in the pathogenesis of EMs
through estrogen metabolism.

Although numerous clinical studies had reported that GM
of EMs differed from that of healthy females, the results were
inconsistent. Animal studies had found a bidirectional correlation
between GM and EM risk (82). Whether GM changed before
or after the onset of EMs in the same female has not been
clarified yet. Whether EMs can cause alterations in GM is known
still, which seems to be difficult to solve by epidemiological or
observational studies. Therefore, we adopt a reverse MR study to
clarify this puzzle.

During the reverse MR study, we set GWAS data: ukb-d-
N80 as exposure first, MR results find SNPs predisposition to
EMs causally related to genus Ruminococcaceae UCG009, genus
Eubacterium fissicatena, genus Prevotella7, genus Butyricicoccus,
and family Lactobacillaceae. For verifiable analysis, we set summary
GWAS data: finn-b-N14-EMs as exposure, MR results find SNPs
predisposition to EMs causally related to genus Howardella and
genus Ruminococcaceae UCG004. Our results suggest that EMs
may affect certain GM taxa, indicating that GM analysis maybe a
helpful tool for the non-invasive diagnosis of EMs. However, the
mechanism by which EMs affect GM is largely unknown, which is
a crucial implication for further research.
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Prospective studies investigating the relationship between GM
and EMs, though challenging, are feasible with rigorous design. Key
elements include selecting a diverse cohort of women with EMs
and a control group, using strict inclusion and exclusion criteria
to minimize confounding factors. Standardizing sample collection
and analysis, potentially with advanced sequencing, is crucial
for reliability. Integrating immunological assays can elucidate the
interplay between microbial shifts and inflammatory processes,
potentially revealing causal pathways in EMs development.

Although there are several Mendelian randomization studies
(83-86) to explore causal correlation between GM and EMs. Due
to the GWAS data came from different population and the lower
significance threshold (P < 1.0 x 107°), the conclusions are
inconsistent. Our study has several strengths:

(1) First bidirectional MR study: Our study is the first to conduct
a bidirectional MR analysis exploring the mutual causal
correlation between GM and EMs. This novel approach
allows for a comprehensive understanding of the reciprocal
relationships between these factors.

(2) Largest sample sizes: To date, our research encompasses the
largest sample sizes in this field, enhancing the statistical power
and generalizability of our findings.

(3) Dual verification: We have employed dual verification
methods to ensure the robustness of our results, thereby
increasing confidence in the validity of our conclusions.

The

confounding biases

(4) Elimination of confounding bias: MR analysis
methodology effectively eliminates
inherent in observational studies, aligning our evidence with
that of randomized controlled trials (RCTs).

(5) Strongly associated SNPs: Our study focuses on SNPs that are
strongly associated with GM, providing a solid genetic basis
for exploring their relationship with EMs.

(6) Comparison with dependent databases: By comparing our
findings with two dependent EMs databases, we enhance the
reliability and relevance of our results.

(7) No pleiotropy or heterogeneity: Sensitivity analyses indicate
no pleiotropy or heterogeneity, reinforcing the statistical
robustness of our outcomes.

(8) Potential novel biomarker: Our findings suggest certain GM
signatures may act as novel biomarkers for EMs, offering
potential for non-invasive diagnostic methods.

(9) Consistency with existing literature: Our findings resonate
with existing literature, particularly the review by Iavarone
et al. (87), which highlights correlations between GM
composition and EMs. Our study further supports the notion
that specific microbial signatures could be indicative of
pathophysiological states.

(10) Therapeutic implications: Given the accessibility of treatments
for GM dysbiosis through prebiotics or probiotics, our
results pave the way for novel therapeutic strategies beyond
traditional medicines and surgery for EMs management.

Despite the significant contributions of our research, several
limitations must be acknowledged.

(1) The sequencing methodology employed relied on 16S
rRNA gene analysis, which, while informative, does not
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provide species-level resolution of GM. This constraint
potentially obscures critical details within the endometrial
microbial communities that could be pertinent to the
pathogenesis of EMs. Achieving species-level resolution
through advanced techniques such as shotgun metagenomics
or targeted PCR assays could significantly enhance our
comprehension by identifying
associated with EMs
pathogenic mechanisms. Future studies should therefore

specific microbial taxa

and elucidating the underlying

adopt these high-resolution sequencing technologies to delve
deeper into the GM composition.

(2) The population utilized in our study is of European
descent, raising concerns about the generalizability of our
findings to other ethnicities and geographical regions. Ethnic
and geographical variations are known to influence GM
composition, potentially limiting the applicability of our
results to more diverse populations. To address this, future
research should include participants from multiple races and
geographic locations to ensure broader relevance and validity.

(3) The use of summary data in our GWAS analysis means that
individual characteristics were not available for consideration,
making it challenging to assess the impact of personalized
confounding factors. The absence of individual-level data
limits our ability to control for potential confounders that
could affect the association between GM and EMs.

(4) Our stringent inclusion criteria may have excluded genetic
variants associated with GM that could contribute to EMs risk,
potentially leading to missed opportunities for discovery. The
rigorous thresholds applied at the IV selection stage might
have inadvertently filtered out relevant genetic markers.

(5) Although we analyzed over 200 taxa of GM, only a few showed
statistical correlation with EMs. The possibility that these
results occurred by chance cannot be entirely dismissed.
Therefore, future investigations should aim to enroll

larger sample sizes across diverse racial and geographical

backgrounds to strengthen causal inferences. There is
an urgent need for further in-depth mechanistic studies
to understand the precise roles of GM alterations in the
development of EMs. Additionally, exploring the diagnostic
and therapeutic potential of targeting GM abundance in

EMs requires comprehensive evaluation in subsequent

research endeavors.

In this study, we have conducted a comprehensive assessment
of the relationship between GM and EMs. Our findings indicate
that there exists a causal correlation between specific GM taxa and
EMs. We identified 14 GM taxa that are causally related to EMs,
and conversely, EMs appear to be causally related to seven GM
taxa. The bidirectional nature of these findings suggests a mutual
causality between the GM and the pathogenesis of EMs. These
results offer novel insights into the potential for GM as a diagnostic
tool, as well as a target for the prevention and treatment of EMs. The
implications of our study could pave the way for future functional
and clinical analyses, potentially leading to the development of
new therapeutic strategies that leverage the GM to combat EMs.
These discoveries may also contribute to a deeper understanding
of the complex interplay between the GM and EMs, providing a
foundation for further research in this area.
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Background: Endometriosis is a condition affecting reproductive-age women
and associated with dysmenorrhea, pelvic organs dysfunction, pelvic pain, and
infertility. The real epidemiology of endometriosis remains underestimated. No
data are available on prevalence of endometriosis in Kazakhstan. Therefore,
the aim of this was to investigate the epidemiology, complications, surgical
management approach, and outcomes of endometriosis in Kazakhstan by
analyzing large-scale Kazakhstani healthcare data from the Unified Nationwide
Electronic Health System (UNEHS).

Methods: A population-based study among women with endometriosis treated
in any healthcare setting of the Republic of Kazakhstan during the period of
2014-2019 was performed. The International Classification of Diseases (ICD)
10th edition was used to retrieve data on endometriosis ("N80" and “N97"). ICD
Sth edition’s procedural codes were utilized to retrieve information on surgical
procedures performed to manage patients with endometriosis.

Results: In total, 7,682 records of women diagnosed with endometriosis were
analyzed from all Kazakhstani regions. The overall prevalence of endometriosis
among Kazakhstani female population was 0.12%, with 50.1% of them suffering
from endometriosis of the uterus, 34.5% with ovarian endometriosis, and
9.5% with endometriosis of pelvic peritoneum. The most affected group was
reproductive-age women (25-44 years old). Endometriosis rates were higher
among women of 35-39, 40-44, and 45-49 years old age groups — 0.4 per
1000 women of corresponding age. The most common procedures performed
for surgical management were laparoscopic cystectomy and closed biopsy of
the uterus, 164 and 13.5%, respectively.
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Conclusion: Among all registered cases of endometriosis, ovarian endometriosis
is the most prevalent condition. However, the analysis of the UNEHS records
on endometriosis reveals incomplete and inconsistent registration of the
disease, which results in the underestimation of the disease’s real burden.
Clinical specialist and health authorities in Kazakhstan must work to ensure
the endometriosis proper diagnosis end registration to improve the disease
management and outcomes.

KEYWORDS

endometriosis, infertility, epidemiology, prevalence, Kazakhstan

1 Background

Endometriosis is a chronic benign gynecological disease
affecting  reproductive-age women and associated with
dysmenorrhea, pelvic organs’ dysfunction, pelvic pain, and
infertility (1-6). Although visual identification is often used for
clinical verification of endometriosis, the definitive diagnosis
requires histological confirmation of the ectopic endometrial
glands and stroma presence outside of the uterine cavity (3, 6).
Adenomyosis is characterized by the invasion of endometrial
glands and stroma within the myometrium (7).

There are different classifications systematizing endometriosis
nomenclature: based on localization, extension, and depth of
the ectopic endometrial glands (1-3). The typical localization of
endometriosis is pelvic organs. The most common types of pelvic
endometriosis are ovarian endometriotic cysts and superficial
peritoneal lesions (1, 3, 4). Deep infiltrating lesions are less common
and defined as lesions with more than 5 mm depth of invasion into
the organs’ stromal tissues or beneath the peritoneum (1, 3).

According to the available statistical data, endometriosis affects
5-10% of reproductive-age women worldwide (3). However, due
to the heterogeneity of endometriosis and multiple definitions
used to describe the disease, due to the difference in the disease
reporting and registration, the prevalence of endometriosis remains
underestimated (6, 8). Moreover, according to different reports,
the prevalence of endometriosis is even higher among infertile
women and varies from 25 to 60% (1, 6, 9-11). Among women
suffering from chronic pelvic pain, the prevalence of ovarian cysts
and deep endometriosis were reported in over 25 and 1-5% of
cases, respectively (6). Moreover, according to a recent study subtle
endometriosis was reported in 40% of asymptomatic women (6).
These data make it evident that the estimation of the epidemiology
of endometriosis is important for female health care.

Endometriosis and adenomyosis interfere with fertility
and pregnancy course via different mechanisms: disruption of
pelvic anatomy, and affect oocyte release, uptake, or transport

through the fallopian tubes (12, 13). Furthermore, chronic pelvic

Abbreviations: ESHRE, European Society of Human Reproduction and
Embryology; ICD, International Classification of Diseases; IQR, interquartile
range; UNEHS, Unified National Electronic Healthcare System; USA,
United States of America.
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inflammation with prostaglandins and various inflammatory
cytokines production could potentially impact the physiology
of ovulation, conception, embryo migration, and implantation
(13). The recent meta-analysis reported increased sporadic and
recurrent pregnancy loss rates and reduced pregnancy and live
birth rates in women with endometriosis and adenomyosis (13,
14). Thus, approximately 10-25% of women with endometriosis-
associated infertility require treatment with assisted reproductive
technology (ART) (1, 11).

The Republic of Kazakhstan is a Central Asian country with
a population of around 20 million (15-17). According to the
Kazakhstani National Agency for Statistics, females account for
52% of the population with 51% belonging to the reproductive-
age group (2, 17-20). To date no studies have been done on the
epidemiology of endometriosis in Kazakhstan, thus, no data is
available on the incidence, prevalence, and complications of the
disease. At the same time, according to available resources, the
prevalence of infertility is high in the Republic of Kazakhstan
(19-22). Based on recent publications, the frequency of infertility
varies between 12 and 15.5% (20-22). Assuming a contribution
of endometriosis to female gynecological morbidity and the
prevalence of endometriosis-associated infertility, it is important
to estimate the disease epidemiology. Thus, considering the high
prevalence of infertility and the absence of statistical data on
endometriosis and its contribution to the pool of infertility, this
study’s aim was to investigate the epidemiology, complications,
surgical management approach, and outcomes of endometriosis in
Kazakhstan by analyzing large-scale Kazakhstani healthcare data
from the Unified National Electronic Healthcare System (UNEHS).

2 Materials and methods

2.1 Study design and population

The study population consisted of patients who were
hospitalized with endometriosis in any Kazakhstani clinical setting
during the period of 2014-2019. The data was retrieved from
UNEHS inpatient registry that was introduced at the end of 2013
to unify healthcare data storage through the country healthcare
system (23). The International Classification of Diseases (ICD),
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FIGURE 1
Data selection flow chart.

Non target cases removed
18,110,827 observations excluded

Initial cohort (target diagnoses)
22,364 observations

9th' and 10th (see text footnote 1) editions were used for coding
surgeries and diagnoses (primary and complication), respectively.

2.2 Patient selection and definitions

The initial dataset consists of overall 22,364 medical records
of women registered with endometriosis and infertility (ICD-10
codes “N80” and “N97”). ICD-9 codes through “65” and “66”
were reviewed to identify the surgical procedures performed to
manage patients with endometriosis. Data cleaning was performed
using unique patient ID, which links data throughout the UNEHS
database. The final dataset included 7,682 patients. The detailed
patient selection process is depicted in Figure 1.

2.3 Statistical analysis

The study involved descriptive and bivariate analyses to explore
the association of demographic characteristics and diagnosis

1 https://www.icd10data.com/

Frontiers in Medicine

among the participants. Categorical variables were described by
numbers and percentages, and their relationship with diagnosis
was tested using Pearson’s chi-square test. Age was described
by median and interquartile range (IQR), and the difference
among groups was tested using Kruskal-Wallis test. Two-sided
p-values less than 0.05 indicated statistical significance for all
tests. Prevalence of endometriosis per 1000 women of specific
age groups was calculated using population statistics according to
the National Agency for Statistics and Strategic Planning of the
Republic of Kazakhstan (18). Stata 16 MP2 software was used for
data processing and statistical analysis (24). More details about the
data and methodology were published previously (23).

2.4 Ethical approval

The study was conducted in compliance with the Declaration
of Helsinki, and approved by the Nazarbayev University
Institutional Review Ethics Committee (protocol reference
NU-IREC 490/18112021). Exemption from informed consent has
been granted due to the retrospective nature of the study and
anonymized data analysis. No individual patients’ information was
reported in this study.
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3 Results

3.1 Study subjects description

The study database included overall 30,221,986 with 18,133,191
female patients’ records available. Out of total female patients,
22,364 (0.12%) had an endometriosis diagnosis recorded between
2014 and 2019. In total, for the 6-year period included in this
investigation, 7,682 women were diagnosed with endometriosis of
any localization and registered in the UNEHS (Figure 1). These
records of patients with endometriosis were identified and analyzed
in the national electronic database from all Kazakhstani regions
(Figure 1).

The study subjects’ social and demographic characteristics
are presented in Table 1. The age of women registered with
endometriosis ranged from 17 to 54 years, and the median age of
the participants was 37.0 (IQR 30.0-45.0) years. The majority of
women diagnosed with endometriosis were of reproductive age,
between 25 and 44 years (66.4%).

The ethnic distribution of patients with endometriosis includes
53.2% of women of the Kazakh ethnic group, 14.2% of the
Russian ethnic group, and 32.1% of other ethnicities living in
Kazakhstan. For 0.5% of the study subjects ethnicity was not
reported in the UNEHS.

The distribution of endometriosis cases reported in the UNEHS
was very unequal in different regions (Supplementary Table 1).
The largest number of endometriosis cases was reported from the
North-Kazakhstan region (23.8%, 1,826 cases), Astana city (17.7%,
1,361 cases), Almaty city (14.2%, 1,092), and East-Kazakhstan
region (13.0%, 1,000). However, only 0.2% (19) of cases were
found in Shymkent, one of the large cities in the country. Low
numbers were also reported from the Turkestan region (2.5%, 191),
(Supplementary Table 1).

The number of patients registered with endometriosis from
urban areas was much higher than that of the rural ones - 77.9 and
22.1%, respectively (Table 1).

3.2 Incidence and rates of endometriosis
(2014-2019)

Figure 2 and Table 1 report the incidence of endometriosis
among women in Kazakhstan in 2014-2019 years. The incidence
was equally distributed among women of the following age
groups: 25-29 years old (16.4%), 30-34 years old (17.5%), 35—
39 years old (16.9%), and 40-44 years old (15.6%). There was a
gradual decrease in incidence after 45 years. A low number of
cases reported in adolescent patients group (15-19 years old) -
0.8%, early reproductive age group (20-24 years old) —6.8%, and
premenopausal age women (45-49 years old) - only 7.6% and-
14.9% of participants, respectively (Table 1). Figure 2 shows the
incidence of endometriosis and its dynamics for the period of
6 years (2014-2019). Endometriosis of the uterus (ICD-10 code
“N80.0”) was one of the most reported types of endometriosis —
50.1% (Figures 2, 3 and Table 1). Its incidence reporting increased
in 2017 to 873 cases and dropped almost twice (486 cases) in
2019 (Figure 3). The second and third most prevalent types
of endometriosis were endometriosis of ovaries (ICD-10 code
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“N80.1”) and endometriosis of pelvic peritoneum (ICD-10 code
“N80.3”), 34.5 and 9.5%, respectively (Figure 2 and Table 1).
However, the trends in the incidence of endometriosis of ovaries
and peritoneal endometriosis were different: ovarian endometriosis
cases are decreasing by 2019, while there was a slight increase in the
incidence of peritoneal endometriosis through 2017-2019.

The endometriosis rates per 1000 women of corresponding age
are shown in Table 1. While endometriosis rates were higher among
women of 35-39, 40-44, and 45-49 years old age groups - 0.4
per 1000 women of corresponding age (Table 1). However, this
indicator was low among women of early reproductive age groups
(15-19 and 20-24 years old) - 0.02 and 0.2 per 1000 women of
corresponding age, respectively.

3.3 Surgical procedures and invasive
diagnostic manipulations performed for
patients with endometriosis. Outcomes
of disease management

Diagnostic manipulations and surgical procedures performed
for patients with endometriosis are shown in Figure 4. The
most common surgical treatment procedure was laparoscopic
cystectomy (ICD-9 code “65.17) performed for 1,713 cases (16.4%).
Other laparoscopic local excision or destruction of ovary (ICD-
9 code “65.25”) and laparoscopic lysis of adhesions of ovary and
fallopian tube (ICD-9 code “65.81”) were done for 662 (6.3%)
and 706 (6.8%) patients, respectively (Figure 4). Some patients
had two or more procedures performed simultaneously. The
most common combined procedures are laparoscopic cystectomy
with laparoscopic lysis of adhesions of ovary and fallopian tube
and other laparoscopic local excision or destruction of ovary;
hysteroscopy with closed biopsy of the uterus (hysteroscopy with
biopsy).

As the most common diagnostic manipulation, closed biopsy of
the uterus (ICD-9 code “68.16” - hysteroscopy with biopsy) in 1,412
cases (13.5%) and hysteroscopy (ICD-9 code “68.12”) - 1,291 cases
(12.4%) were documented in the UNEHS database (Figure 4).

Out of all analyzed records, 69.2% of patients with
endometriosis had a planned admission for surgical treatment,
while 30.8% of patients were admitted via emergency route due
to torsion or rupture of endometriotic cyst, bleeding due to
endometriosis of the uterus (Table 2). The vast majority of patients
with endometriosis were discharged after treatment (99.9%) with
recovery or improvement (75.2 and 24.8%, respectively). There
were no cases of mortality due to endometriosis registered in the
UNEHS for the analyzed period (2014-2019).

3.4 Endometriosis association with
infertility

Figure 5 shows endometriosis cases associated with infertility
among the studied population. The most common type of infertility
associated with cases of endometriosis was female infertility of
tubal origin (ICD-10 code “N97.1”) - 67.7% of all infertility cases
associated with endometriosis (Figure 5A). Other reported but less
common cases were female infertility of another origin (ICD-10
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TABLE 1 Socio-demographic characteristics of the study subjects (2014-2019).

Variable Overall, N Rate per 1000 Diagnosis (ICD-10), N (%)
(%) women of
corresponding
age

N80.0 N80.1 N80.2 N80.3 N80.4 N80.5 N80.6 N80.8 N80.9
Age, median 37.0 (30.0, 45.0) - 43.0 (36.0, 31.0 (27.0, 34.0 (28.0, 31.0 (27.0, 32.0 (27.0, 37.0 (29.0, 35.0 (310, 36.0 (30.0, 34.0 (29.0, <0.001*
(IQR) 48.0) 38.0) 41.0) 36.0) 38.0) 44.0) 37.0) 42.0) 40.0)
Age groups <0.001**
15-19 65 (0.8%) 0.02 5(0.1%) 44 (1.7%) 1(1.2%) 12 (1.7%) 0 (0.0%) 0(0.0%) 0(0.0%) 3 (1.5%) 0(0.0%)
20-24 519 (6.8%) 0.2 68 (1.8%) 345 (13.0%) 9 (11.1%) 74 (10.2%) 8 (6.6%) 0 (0.0%) 1(7.7%) 11 (5.4%) 3 (13.6%)
25-29 1,262 (16.4%) 0.3 267 (6.9%) | 702 (26.5%) 18 (22.2%) 198 (27.3%) | 35(28.7%) 5(33.3%) 1(7.7%) 34 (16.7%) 2(9.1%)
30-34 1,348 (17.5%) 03 455 (11.8%) | 578 (21.8%) 18(22.2%) | 206(284%) | 33 (27.0%) 3 (20.0%) 5 (38.5%) 44 (21.7%) 6 (27.3%)
35-39 1,299 (16.9%) 0.4 595 (15.5%) | 466 (17.6%) 12 (14.8%) 144 (19.8%) | 24 (19.7%) 2(13.3%) 4(30.8%) 47 (23.2%) 5(22.7%)
40-44 1,200 (15.6%) 0.4 800 (20.8%) | 278 (10.5%) 16 (19.8%) 58 (8.0%) 16 (13.1%) 2(13.3%) 1(7.7%) 25 (12.3%) 4(18.2%)
45-49 1,141 (14.9%) 0.4 902 (23.4%) 175 (6.6%) 5(6.2%) 26 (3.6%) 4(3.3%) 3 (20.0%) 1(7.7%) 23 (11.3%) 2(9.1%)
>50 847 (11.0%) 03 759 (19.7%) 60 (2.3%) 2 (2.5%) 8 (1.1%) 2 (1.6%) 0(0.0%) 0(0.0%) 16 (7.9%) 0 (0.0%)
Ethnicity <0.001%*
Kazakh 4,085 (53.2%) 0.3 1,705 1,642 40 (49.4%) | 451(62.1%) |  81(66.4%) 10 (66.7%) 10 (76.9%) 133 (65.5%) 13 (59.1%)

(44.3%) (62.0%)
Russian 1,092 (14.2%) 03 572 (14.9%) | 372 (14.0%) 16 (19.8%) 95 (13.1%) 15 (12.3%) 1(6.7%) 2 (15.4%) 19 (9.4%) 0 (0.0%)
Other 2,468 (32.1%) 0.3 1,562 614 (23.2%) | 25(30.9%) 178 (24.5%) | 26 (21.3%) 4(26.7%) 1(7.7%) 49 (24.1%) 9 (40.9%)

(40.6%)
Missing 37 (0.5%) - 12 (0.3%) 21 (0.8%) 0 (0.0%) 2(0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (1.0%) 0 (0.0%)
Residence <0.001%*
Rural 1,699 (22.1%) 03 923 (24.0%) | 533 (20.1%) 19 (23.5%) 145 (20.0%) 16 (13.1%) 2 (13.3%) 2 (15.4%) 58 (28.6%) 1(4.5%)
Urban 5,983 (77.9%) 0.3 2,928 2,116 62(76.5%) | 581(80.0%) | 106 (86.9%) 13 (86.7%) 11 (84.6%) 145 (71.4%) | 21(95.5%)

(76.0%) (79.9%)
Total 7,682 (100%) 0.3 3,851 2,649 81 (1%) 726 (9.5%) 122 (1.6%) 15 (0.2%) 13 (0.2%) 203 (2.6%) 22 (0.3%)

(50.1%) (34.5%)

*Kruskal-Wallis. **Pearson’s chi-squared. ICD-10 codes: N80.0, Endometriosis of uterus; N80.1, Endometriosis of ovary; N80.2, Endometriosis of fallopian tube; N80.3, Endometriosis of pelvic peritoneum; N80.4, Endometriosis of rectovaginal septum and vagina;
N80.5, Endometriosis of intestine; N80.6, Endometriosis in cutaneous scar; N80.8, Other endometriosis; N80.9, Endometriosis, unspecified.
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FIGURE 2
Incidence of endometriosis (2014-2019).

code “N97.8”) and female infertility associated with anovulation
(ICD-10 code “N97.0”).

The yearly distribution of endometriosis associated with
infertility registered in the UNEHS is illustrated in Figure 5B.

3.5 Complications

Complications in patients with endometriosis registered in the
UNEHS are presented in Figure 6. The most common condition
complicating endometriosis was female pelvic peritoneal adhesions
(ICD-10 code “N73.6”). The other reported complications
were unspecified ovarian cysts (ICD-10 “N83.2”) and acute
posthaemorrhagic anemia (ICD-10 “D62”). Such complications
as acute salpingitis and oophoritis (ICD-10 code “N70.0”),
acute pelvic peritonitis (ICD-10 “N73.3”), acute posthaemorrhagic
anemia (ICD-10 “D62”), and unspecified ovarian cysts (ICD-10
“N83.2) registered after surgical treatment were seen with the same
rate. However, the overall reported number of complications was
very low.

4 Discussion

Estimation of the endometriosis epidemiology is essential, as
this gynecological condition is a major cause of infertility, chronic
pelvic pain, and dysmenorrhea in many women (6, 13, 25). It
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is a significant health issue for reproductive-age women due to
the necessity of specific medical and surgical management and
associated fertility problems (6, 25). The Kazakhstani government
prioritizes support of reproductive healthcare aiming to improve
the birth rate and decrease maternal mortality (16, 17, 19, 26). For
that, the State Program for the Development of Healthcare 2020-
2025 has been approved with a budget of USD 7.5 billion (26).
However, proper budget distribution and execution require a clear
understanding of diseases” prevalence and related health burdens.
To date, no reliable statistics are available for endometriosis
epidemiology in Kazakhstan. Therefore, this study’s aim was to
investigate the epidemiology, complications, surgical management
approaches, and outcomes of endometriosis in Kazakhstan.

4.1 Main findings and comparison with
existing literature

In this study, the age of patients registered in the national
electronic database with endometriosis ranged between 17 and
54 years, with an average age of 37 years. These data are comparable
with the most recent studies on the epidemiology of endometriosis
from Turkiye (27) and the United States of America (USA) (28)
where the average age of women with endometriosis was 30 years
old (range 18-50) and 37 years old (range 18-45), respectively.
In the current study, the majority of women diagnosed with
endometriosis were of reproductive age, between 25 and 44 years

frontiersin.org


https://doi.org/10.3389/fmed.2024.1436458
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Aimagambetova et al.

10.3389/fmed.2024.1436458

Year
0 100 200 300 400 500 600 700 800 900
Fﬁ' e
2014 ! 28
16 49
Fﬂa- =
2015 o
'{
o 26
697
2016 | . 100
4
0 3
834
2017 | % L
18 38
737
2018 & % 148
1 4 23
457
2019 b 48 142
o 21
mN80.0 =N80.1 N80.2 mN80.3 =N80.4 mN80.5 mN80.6 " N80.8 mN80.9
Diagnosis (ICD-10), N
FIGURE 3
Main diagnosis, ICD-10. ICD-10 codes: N80.0 - Endometriosis of uterus; N80.1 - Endometriosis of ovary; N80.2 - Endometriosis of fallopian tube;
N80.3 - Endometriosis of pelvic peritoneum; N80.4 - Endometriosis of rectovaginal septum and vagina; N80.5 - Endometriosis of intestine; N80.6 -
Endometriosis in cutaneous scar; N80.8 - Other endometriosis; N80.9 - Endometriosis, unspecified.

with the highest incidence in the 20-24, 25-29, and 30-34 years
old age groups. These findings are in line with the results of
the Australian study by Rowlands et al. (29), however, are in
contradiction to the findings of the study from the USA by
Christ et al. the incidence was highest among women aged 36-
45 years (28).

This study revealed a low rate of endometriosis among
adolescent patients and young women of in the 20-24 years old
age group — 0.02 and 0.2 per 1,000 women of the corresponding
age, that reflects to 0.8 and 6.8% incidence, respectively. This
finding of our study is comparable and in agreement with the
Australian study on the epidemiology of endometriosis where the
rate of the disease was 0.2 per 1,000 persons of the same age (29)
and with the findings of the Spanish study (30). However, low
rates of endometriosis in adolescent patients and young women
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found in our study contradicts findings of the recent research
by Zannoni et al. where the prevalence of endometriosis and
adenomyosis in young women was 25.0 and 46.0%, respectively
(31). Moreover, the prevalence of endometriosis in young women
with dysmenorrhea is even higher (ranged between 25 and 73%)
(32). On the other hand, similar to our findings, Zannoni et al.
reported higher incidence of endometriosis among young women
(20-24 years old group) than among adolescents (14-19 years old
group). Thus, since endometriosis represents the main cause of
secondary dysmenorrhea among adolescent and young women, the
condition should be carefully managed as dysmenorrhea has a great
impact on adolescents’ lives and future reproductive function (32).

In the study by Rowlands et al. the authors found a sharp
increase (30-fold) in endometriosis incidence at age 30-34 years (6
compared to 0.2 per 1,000 women of the corresponding age), while
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in our study these findings are in contradiction to the compared
study as the disease increased only 2-fold (0.4 compared to 0.2
per 1,000 women of corresponding age) among women of 35-39,
40-44, and 45-49 years old age groups. Rates of endometriosis
reported by the study from the USA (29) are also higher than
the results of our study (17.4-30.2 per 10,000 women in the USA
vs. 0.2-0.4 per 1,000 women in Kazakhstan) (29). This can be
explained by the underestimation of the endometriosis cases in
Kazakhstan and the existing inaccuracy of the data registration in
the Kazakhstani healthcare electronic system due to the recently
introduced electronic healthcare system. The efforts on precise
registration of healthcare data have to be reinforced in Kazakhstan.
Unfortunately, no studies on the epidemiology of
endometriosis are available from Central Asian countries and/or
post-Soviet countries with similar population and healthcare
systems to compare the epidemiological indicators of the disease.
In this study, unequal incidence of endometriosis was found
in the different regions of the country, which has no underling
objective background. Moreover, regions with a larger population
The
distribution of endometriosis cases analyzed in the nationwide
database reveals a huge difference in the number of cases
registered in the different regions. This may be a result of

were found to have lower incidence of endometriosis.

improper registration. Thus, the accuracy of disease registration
and reporting has to be improved to ensure proper management.
The number of patients registered with endometriosis from
urban areas was much higher than that of the rural regions. This
finding is in apparent agreement with the compared Spanish study
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on epidemiology of endometriosis, where incidence rates of the
disease in women from rural areas were lower (30). There are two
possible explanations for this fact. On one side, residents of rural
areas are less exposed to the environmental toxins and pollutants
playing role in the pathogenesis of endometriosis (33), thus have
less risk factors. On the other side as studies report, population of
rural and remote areas may have unequal access to medical care
including gynecology specialists (16, 27).

Although the previous research on endometriosis outlined the
estimated prevalence as around 10% (3, 8), a low prevalence of
endometriosis was reported in the Kazakhstani UNEHS (0.12%).
Despite the fact that this finding contradicts the overall trend on
endometriosis prevalence, it is comparable with previous studies
among the Spanish female population (30) where the prevalence of
the disease was reported at the level of 0.7% or the USA population
(28) with the reported low prevalence of endometriosis at the
level of 1.9%. However, if compared with the recent study among
women in Turkiye (27), our study population had significantly
lower endometriosis prevalence (0.12%) than Turkish women
where the disease is reported among 18.3% of the study subjects.
These reported variations in prevalence between studies with low
prevalence from the USA, Spain, and with high prevalence could
be explained by differences in the studies’ design: the results of
our study, study from the USA (28) and study from Spain (30) are
based on the national electronic information systems reports, while
the study from Turkiye (27) was based on self-reported surveys.
The low prevalence of endometriosis reported in the Kazakhstani
UNEHS clearly shows that the ICD-10 code utilization and overall
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TABLE 2 Outcomes of endometriosis treatment (2014-2019).

Variable Overall, N (%) Diagnosis (IC N p-value

| | N80.0 | N8OL | N802 | N803 | N804 | N805 | N80.6 | N80.8 | N809 |
Admission <0.001*
Emergency 2,368 (30.8%) 1,386 (36.0%) 762 (28.8%) 29 (35.8%) 134 (18.5%) 14 (11.5%) 3 (20.0%) 3(23.1%) 34 (16.7%) 3 (13.6%)
Planned 5,314 (69.2%) 2,465 (64.0%) 1,887 52 (64.2%) 592 (81.5%) | 108 (88.5%) 12 (80.0%) 10 (76.9%) 169 (83.3%) 19 (86.4%)
(71.2%)

Outcome of stay

Discharge 7,672 (99.9%) 3,846 (99.9%) 2,644 81 (100%) 726 (100%) 122 (100%) 15 (100%) 13 (100%) 203 (100%) 22 (100%)
(99.8%)

Transfer 8 (0.1%) 5 (0.1%) 3(0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Voluntary discharge 2(< 1%) 0 (0.0%) 2(0.1%) 0(0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Outcome of treatment

Deterioration 1(< 1%) 0 (0.0%) 1(<1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Improvement 1,904 (24.8%) 761 (19.8%) 839 (31.7%) 12 (14.8%) 150 (20.7%) 48 (39.3%) 2 (13.3%) 0 (0.0%) 88 (43.3%) 4(18.2%)

Recovery 5,775 (75.2%) 3,088 (80.2%) 1,809 69 (85.2%) 576 (79.3%) 74 (60.7%) 13 (86.7%) 13 (100%) 115 (56.7%) 18 (81.8%)
(68.3%)

Without changes 2(<1%) 2(0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Total 7,682 3,851 2,649 81 726 122 15 13 203 22

*Pearson’s chi-squared. ICD-10 codes: N80.0, Endometriosis of uterus; N80.1, Endometriosis of ovary; N80.2, Endometriosis of fallopian tube; N80.3, Endometriosis of pelvic peritoneum; N80.4, Endometriosis of rectovaginal septum and vagina; N80.5, Endometriosis
of intestine; N80.6, Endometriosis in cutaneous scar; N80.8, Other endometriosis; N80.9, Endometriosis, unspecified. Outcome of stay terminology description: Discharge - patient went home after treatment; Transfer - patient was transferred to another hospital;
Voluntary discharge — patient left a hospital before treatment completed due to personal demand; Death - patient death associated with treatment/surgery. Outcome of treatment terminology description: Without changes — patent was discharged without improvement;
Recovery - patient was discharged with recovery; Improvement - patent was discharged with improvement; Deterioration - patent was discharged/transferred to another hospital with deterioration.
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FIGURE 5

Endometriosis association with infertility. (A) Types of infertility associated with endometriosis; (B) distribution of endometriosis associated with
infertility by years. ICD 10 codes: N97.0 - Female infertility associated with anovulation; N97.1 - Female infertility of tubal origin; N97.2 - Female
infertility of uterine origin; N97.3 - Female infertility of cervical origin; N97.8 - Female infertility of other origin; N97.9 - Female infertility, unspecified.
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FIGURE 6

Complications of endometriosis (2014-2019). ICD 10 codes: D25.1 - Intramural leiomyoma of uterus; D50.0 - Iron deficiency anemia secondary to
blood loss (chronic); D62 - Acute posthaemorrhagic anemia; J20.8 -Acute bronchitis due to other specified organisms; J94.2 — Hemotorax; K65.0 -
Acute peritonitis; K92.2 - Gastrointestinal hemorrhage, unspecified; N70.0 -Acute salpingitis and oophoritis; N73.3 - Female acute pelvic peritonitis;
N73.6 - Female pelvic peritoneal adhesions; N76.1 - Subacute and chronic vaginitis; N80.4 - Endometriosis of rectovaginal septum and vagina;
N83.2 - Other and unspecified ovarian cysts; N83.5 - Torsion of ovary, ovarian pedicle and fallopian tube; N92.3 - Ovulation bleeding.

disease-reporting arrangement should be improved in the frame of In the current study endometriosis of the uterus, ovarian
the local healthcare system. This finding is in line with assumption ~ endometriosis, and endometriosis of pelvic peritoneum were
stating that endometriosis reporting and registration appears to be ~ the most prevalent types of endometriosis. These findings
inaccurate, which leads to underestimation of the disease (6, 8). are in agreement with the investigation from the USA
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population-based study reporting data for the period of 2006-2015
(28, 29).

While researching the management of endometriosis, in this
study laparoscopic cystectomy was found to be the most common
procedure associated with ovarian endometriosis. This approach
with laparoscopic management is in line with the most recent
European Society of Human Reproduction and Embryology
(ESHRE) guideline on endometriosis management (34). The other
common procedures were hysteroscopy and hysteroscopy with
biopsy performed for women with uterine endometriosis. This
frequency of these surgical procedures is logical considering that
endometriosis of the uterus and ovarian endometriosis were the
most prevalent types of the disease. This is in line with the available
sources, where researchers recommend operative hysteroscopy as a
suitable option for cases of superficial adenomyosis as a treatment
modality (35-37).

Data from UNEHS shows that female infertility is strongly
associated with endometriosis of any localization, which is in
agreement with previous reports (6, 13, 26-30).

Interestingly, in this study inflammatory complications
of endometriosis appeared with the same rate as acute
posthaemorrhagic anemia, which highlights the importance
of proper infection prevention and application of hemostatic
techniques during surgery. Furthermore, a recent research reported
a strong interconnection between presence of endometriosis and
recurrence of pelvic inflammatory diseases (38). Thus, early
detection of inflammatory complications is essential to administer
adequate treatment and facilitate the healing processes (39).

Generally, a very small number of complications are reported
in the UNEHS among women with endometriosis and in
association with the disease treatment. This could be related to the
“punishment culture” that was present in the Kazakhstani national
healthcare system, when any complication that happened with a
patient was considered as a physician’s mistake even if it is a
statistically prevalent and expected type of complication. This led
to the development of specific “complication-hiding” culture when
healthcare professionals did not report complications concerning
negative impacts on their careers.

4.2 Study strengths and limitations

The main strength is novelty of this study, as this is the first
one providing epidemiological data on the incidence, prevalence,
complications, surgical management approach, and outcomes of
endometriosis in Kazakhstan. In this investigation a large cohort
of patients’ data are analyzed and covered the female population
of Kazakhstan for the period of 6 years (2014-2019). Since the
health-related records in the UNEHS were associated with the
available socio-demographic information, this enabled to reduce
missing data. This study also has some limitations mostly related
to the electronic healthcare system design. UNEHS was established
and introduced into the clinical practice in 2014, and is still
under continuous development due to existing drawback requiring
improvements (17, 23). Namely, the electronic system in its
current form is not ideal as it does not have information on
important socio-demographic data like education and income.
Moreover, it does not save a woman’s marital status, gynecological
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anamnesis, parity history, symptoms and staging of endometriosis.
It should be noted as another limitation that, compared to surgical
management options, which are documented in the UNEHS and
could be retrieved via ICD-9 codes, information on medical
management of patients with endometriosis are not available in the
national healthcare information system. Moreover, improvements
in accuracy of coding from the healthcare professionals should be
improved to adequately report different types of endometriosis and
cases of deep endometriosis. For the further analysis of the data
from 2023 and onward, the UNEHS is expected to be improved
to provide these missing variables, which could facilitate the
healthcare data analysis’ results and conclusions.

5 Conclusion

Endometriosis is a chronic, underestimated disease that
UNEHS affects 0.12% of Kazakhstani
reproductive-age women. A huge proportion of women with

according to the

endometriosis in Kazakhstan suffer from infertility. Analysis of
the UNEHS reveals that there is an inconsistent and incomplete
reporting and registration of endometriosis and its treatment,
which affect the overall statistics on epidemiology and outcomes
of the disease. Therefore, the data from the national healthcare
electronic system does not reflect the endometriosis real burden.
Gynecology specialists should be aware that the proper diagnosis
of the disease would ensure provision of an adequate management.
Establishing incidence and prevalence of endometriosis is an
important initial step toward building a strong background for
future research, which would improve knowledge on the disease
etiology, pathogenesis, and progression, thus contribute to better
management. Governmental health authorities and gynecology
clinical specialists must work together to ensure the endometriosis
proper diagnosis and registration. New treatment options recently
approved for endometriosis should be applied.
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Background: Endometriosis, a prevalent chronic gynecologic disorder,
significantly impacts women’s health, with both genetic and environmental
factors contributing to its heritability. Within the adaptive immune system, the
NOD-like receptors (NLR) pathway plays pivotalrolesin various autoinflammatory
diseases, regulating interleukins, proinflammatory cytokines, and NF-«xB activity.
However, the potential association between single nucleotide polymorphisms
(SNPs) of the NOD1, NOD2, PYDC1, and PYDC2 genes and the predisposition to
endometriosis risk remains unexplored.

Methods: In this cross-sectional study, 54 patients diagnosed with ovarian
endometriosis and 54 control subjects were included. The genetic SNPs of
NOD1 (rs2075820 and rs2075818) and NOD2 (rs104895461) were assessed
using the PCR-RFLP (polymerase chain reaction-restriction fragment length
polymorphism) method. Additionally, the polymorphisms of PYDC1 and PYDC2
were evaluated using Sanger sequencing. After conducting polymorphism
analysis, the genetic profiles were assessed with the clinical manifestations and
the size of ovarian endometriomas, categorized as either small (<4 cm) or large
(>4 cm).

Results: Significant differences in the NOD1 rs2075820 (G: A) genotypes
were found. The GG genotype was more prevalent in endometriosis patients
(p = 0.04), while the GA genotype was less common (p = 0.029). The AA
genotype was associated with higher rates of perimenstrual gastrointestinal
symptoms (p = 0.005) and infertility (p = 0.037). The PYDC2 rs293833 variant
was detected in 22.2% of patients. Carriers of this variant exhibited higher rates
of perimenstrual gastrointestinal symptoms (p = 0.004), infertility (p = 0.001)
and larger endometriomas (>4 cm) (p < 0.001). No significant differences were
found in NOD1 rs2075818 genotypes (p = 0.89) and no polymorphisms were
detected in NOD2 or PYDC1 genes.

Conclusion: These findings emphasize the influence of genetic polymorphisms
onthe clinical manifestations of endometriosis. Specifically, gene polymorphisms
in NLRs have been found to significantly impact infertility and increase
endometrioma size.
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endometriosis, infertility, pain, gene polymorphism, NOD, PYDC
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Introduction

Endometriosis is characterized by an estrogen-dependent chronic
inflammatory pathology that affects reproductive-aged women with
pelvic pain and infertility (1). Understanding the mechanisms
underlying endometriosis is crucial due to its clinical and therapeutic
relevance. While numerous theories have been proposed, none fully
explain the disease’s progression and diverse clinical manifestations.
Sampson’s retrograde menstruation theory remains the most widely
cited explanation (2). However, this theory does not adequately
explain why only 10% of women with retrograde menstrual flow
develop endometriosis.

A common element in all theories is the dysregulation of hormonal
signaling and an inflammatory microenvironment, which, together with
genetic and epigenetic factors, drive the disease’s initiation, persistence,
and progression (3). Genetic predisposition is significant, as daughters of
affected mothers have double the risk of developing endometriosis, and
monozygotic twins show a 51% increased risk (4, 5). Ovarian
endometriomas are a significant and prominent component of
endometriosis. About 17-44% of patients with endometriosis have
endometriomas, with bilateral endometriomas occurring in 19-28% of
these patients (6). Endometriosis is a chronic pelvic inflammatory
condition where local inflammation significantly contributes to pain and
infertility. Excessive reactive oxygen species (ROS) production affects
gene expression, with NF-kB involvement in the disease. Activated NF-kB
in lesions and macrophages drives proinflammatory cytokine production,
supporting lesion formation and persistence (7).

The innate immune system detects various danger and pathogen-
associated molecular patterns through pattern-recognition receptors
(PRRs), such as nod-like receptors (NLRs) (8). The NLR family
comprises over 20 members, including nucleotide-binding
oligomerization domain-containing proteins 1 and 2 (NOD1 and
NOD2) (9). Engagement of NLRs triggers cooperative signaling
between mitogen-activated protein kinase (MAPK) and nuclear factor
kappa B (NF-kB) pathways, leading to the transcription of
pro-inflammatory cytokines, assembly of NLR inflammasomes, and
cell death (10). Moreover, pyrin-only protein/pyrin domain (POP/
PYDC) domain proteins also disrupt NF-kB signaling by forming an
inflammasome complex by certain NLRs and interleukins (11).
Studies highlight that mutations and dysregulation in NLRs, such as
NOD2 and NLRP3, significantly impact these pathways, altering
immune responses and contributing to diseases like Crohn’s disease
and cryopyrinopathies. Polymorphisms in the NOD1 and NOD2
genes can disrupt the balance between pro- and anti-inflammatory
cytokines, fostering chronic inflammation and increasing the risk of
cancer. These findings emphasize the critical role of structure-
function relationships in understanding NLR-mediated immune
regulation and their relevance to disease pathogenesis (12).

Polymorphisms play a crucial role in understanding the genetic
underpinnings of complex diseases, including endometriosis. Given
the multifactorial nature of endometriosis, the identification of genetic
variants that contribute to disease susceptibility has significant
implications for advancing diagnostic and therapeutic strategies.
However, there remains a substantial research gap in understanding
the precise contribution of genetic polymorphisms to endometriosis,
with many studies producing inconsistent results across populations
and ethnic groups. This variability underscores the complexity of
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genetic influence on endometriosis, suggesting that multiple,
potentially interacting loci may contribute to its pathology (13, 14).

In this study, we aim to investigate inflammasome regulators
PYDCI and PYDC2 and genetic variations in the NOD1 and NOD2
genes in patients with ovarian endometriosis. Additionally, we will
evaluate the genetic profile of these patients with the size of the
endometriomas and their clinical symptoms.

Method
Subjects

All subjects provided written informed consent for inclusion
before participating in the study. The study was conducted by the
Declaration of Helsinki of 1975 (as revised in 2013), and the protocol
was reviewed and approved by the Health Research Ethics Committee
of Dokuz Eylul University (7511-GOA). Blood samples were collected
from a total of 108 patients who had either undergone laparoscopic
surgery or exploratory laparotomy between March 2022 and
November 2023. The study population comprised 54 patients
diagnosed with ovarian endometriosis (endometriosis group) and 54
control subjects without endometriosis (control group).

Endometriosis group

Diagnosis of endometriosis was confirmed and classified based
on visual and histopathological examinations according to the
American Association of Gynecologic Laparoscopists (AAGL) and
the revised American Society for Reproductive Medicine (rASRM)
Endometriosis Classification Systems (15, 16). According to AAGL
Classification, 16 (29.6%) were in stage II, 34 (63%) in stage III, and
4 (7.4%) in stage IV. When classified with rASRM, 44 patients (81.5%)
were classified as stage 3, and 10 patients (18.5%) as stage 4. To
explore potential genetic differences related to endometrioma size, a
subgroup analysis was performed, categorizing endometriomas as
larger (>4 cm) or smaller (<4 cm).

The control group consisted of patients who underwent surgery
for fibroids, menorrhagia, benign adnexal masses, and pelvic organ
prolapse. Endometriosis was ruled out in these patients through
histopathological evaluation. Patients with additional autoimmune
diseases, pelvic inflammatory disease, or gynecological malignancies
were excluded from both the endometriosis and control groups.

Genotyping polymorphisms

DNA was collected in 5 mL peripheral blood, followed by ficol
separation (Sigma Histopaque-1077, cat no: 10771). DNA isolation was
then performed using Trizol (Invitrogen TM, cat no: 15596018).
Conventional polymerase chain reaction (PCR) was conducted using
Taq DNA Polymerase (A.B.T., cat no: E02-01-50) for the target genes,
with the following protocol: 40 cycles of denaturation at 95°C for 10s,
annealing at 60°C for 30 s, and extension at 65°C for 95 min. Primer
sequences for the target genes previously created before (17). Genotypes
rs2075818 and rs104895461 were determined using the PCR-restriction
fragment length polymorphism (PCR-RFLP) method. PCR products
were incubated overnight at 37°C with specific restriction enzymes for
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the restriction enzyme process. Samples were loaded onto a 2% agarose
gel to determine allele separation and visualized (Figure 1).

The PCR primers used for Sanger sequencing of the PYDCI1 and
PYDC2 genes are listed in Supplementary material 1. After PCR
amplification, the products were purified, and sequencing reactions
were performed (Macrogen Europe). After completing the
electrophoresis process, the samples were analyzed using the
“Sequence Analysis” program. Sequence comparisons and analyses
were conducted using the MutationSurveyor 1.2 program.

Statistical analysis

The sample size was calculated using a power analysis, achieving
95% confidence level. Hardy—Weinberg equilibrium was assessed for
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FIGURE 1
Comparative gel electrophoresis of allele separation with DNA ladder
for NOD1 G/A, NOD 1 G/C, and NOD?2 variants.
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each evaluated SNP. The student’s t-test was employed to compare
means of continuous variables. The Chi-square test was used to
compare mutations and allele frequencies among groups and clinical
features within subgroups categorized by endometrioma size.
Statistical analyses were conducted using IBM SPSS version 26.0, with
a p-value of <0.05 accepted as statistically significant.

Results

There were no significant differences between endometriosis
patients and control subjects regarding age (39.28 + 8.22 vs. 39.31
+7.86), BMI (23.1 + 1.4 vs. 22.8 £ 1.5), and age at menarche (12.4
+ 1.6 vs. 12.1 £ 1.8) (p > 0.05). Out of the patients studied, 54 had
ovarian endometriosis. Of these, 42 patients (77.8%) had unilateral
ovarian endometriosis, while 12 patients (22.2%) had bilateral
involvement. In the endometriosis group, 48 patients (88.9%)
underwent first-time surgery, and 6 patients (11.1%) had
recurrent endometriomas.

The symptoms reported by patients with endometriosis included
dysmenorrhea 38 (70.4%), dyspareunia 28 (51.9%), perimenstrual
gastrointestinal system (GIS) complaints 23 (42.6%), ovulatory pain
18 (33.3%), menorrhagia 18 (33.3%), perimenstrual genitourinary
system (GUS) complaints 10 (18.5%). Infertility was present in 13
patients (24.1%), with 9 patients (16.7%) experiencing primary
infertility and 4 patients (7.4%) experiencing secondary infertility
(Table 1).

There were no significant differences in allele frequencies between
endometriosis and control subjects for NOD1 rs2075820 (G vs. A)
(p =0.89) and rs2075818 (G vs. C) (p = 0.89). A statistically significant
difference in the distribution of the rs2075820 (NOD1 G/A) genotypes
was observed between endometriosis patients and control subjects.
The GG wild-type genotype was found to be significantly more
prevalent in the endometriosis group 17 (31.5%) compared to the
control group 11 (20.3%) (p = 0.04). Conversely, the GA genotype was
significantly less common among endometriosis patients 28 (51.9%)
than in controls 39 (72.2%) (p = 0.029). Although the AA genotype
was more frequent in endometriosis patients 9 (16.6%) than in control
subjects 4 (7.5%), this difference did not reach statistical significance
(p=0.13) (Table 2).

No significant differences were detected when evaluating the
NOD1 (rs2075818) genotypes between endometriosis patients and
control subjects. The frequencies of the GG genotype were identical
in both groups (13% vs. 13%; p = 0.54). Similarly, the distribution of
the GC genotype (68.5% in endometriosis patients vs. 72.2% in
controls; p =0.67) and the CC genotype (18.5% in endometriosis
patients vs. 14.8% in controls; p=0.6) showed no significant
differences (Table 2). No polymorphisms were detected at the NOD2
(rs104895461) and PYDCI genes. PYDC2 rs293833 (c.242A>G)
variant was detected in 12 endometriosis patients (22.2%).

We also evaluated the association of three polymorphisms in the
NODI, NOD2, and PYDC2 genes with the clinical manifestations of
endometriosis. The NODI rs2075820 AA genotype was associated
with significantly higher rates of perimenstrual GIS symptoms 8
(88.9%) compared to other NOD1 rs2075820 genotypes 17 (37.8%)
(p = 0.005). Additionally, infertility was significantly more common
in patients with the AA genotype 5 (55.5%) compared to those with
other genotypes 8 (17.8%) (p = 0.037) (Table 3).
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TABLE 1 Characteristics of ovarian endometriosis patients.

Characteristics of ovarian

endometriosis group

10.3389/fmed.2024.1495002

TABLE 2 NOD1 (rs2075820 and rs2075818) allele frequencies and
genotypes.

Endometriosis

AAGL, the American Association of Gynecologic Laparoscopists; rASRM, the revised
American Society for Reproductive Medicine; NSAIDs, Nonsteroidal Anti-inflammatory
Drugs; OCPs, Combined Oral Contraceptive Pills; LNG-IUD, Levonorgestrel-releasing
intrauterine system; GIS, Gastrointestinal; GUS, Genitourinary. *This table provides a
comprehensive overview of the characteristics observed in patients with ovarian
endometriosis, including the distribution of unilateral and bilateral endometriomas, surgical
stages, treatment history, and clinical complaints.

PYDC2 rs293833 (c.242A>G) positive patients exhibited a lower
incidence of dysmenorrhea compared to negative patients (41.7% vs.
78.6%; p = 0.014). Moreover, perimenstrual gastrointestinal symptoms
were significantly more prevalent in positive patients (83.3% vs. 35.7%;
p=0.004). Additionally, PYDC2-positive patients had significant
differences in infertility and the presence of larger endometriomas.
Infertility rates were markedly higher in positive patients (66.6% vs.
11.9%; p=0.001), and large endometriomas were more frequently
observed in positive patients (90.9% vs. 62%; p < 0.001) (Table 4).

Discussion

Genome-wide association studies (GWAS) have described that

ovarian endometriosis partly contributes to the larger effect sizes
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Unilateral Endometrioma 42 (77.8) n (%)

Bilateral Endometrioma 12 (22.2) NOD 1 (rs2075820)

AAGL Allele frequencies
Stage 2 16 (29.6) G 62 (57.4) 61 (56.4) 0.89
Stage 3 34 (63) A 46 (42.6) 47 (43.6)
Stage 4 4(7.4) Genotype frequencies

rASRM GG 17 (31.5) 11(20.3) 0.04
Stage 3 44 (81.5) GA 28 (51.9) 39 (72.2) 0.029
Stage 4 10 (18.5) AA 9 (16.6) 4(7.5) 0.13

First-time endometriosis surgery 48 (88.9) NOD 1 (rs2075818)

Recurrent endometriosis surgery 6(11.1) Allele frequencies

Medical treatment G 51(47.2) 53 (49) 0.89
NSAIDs 39 (72.2) C 57 (52.8) 55 (51)
OCPs 20 (37.0) Genotype frequencies
Oral Progestins 16 (29.6) GG 7 (13) 7 (13) 0.54
GnRH Agonists 2(3.7) GC 37 (68.5) 39 (72.2) 0.67
LNG-IUD 4(7.4) CC 10 (18.5) 8(14.8) 0.60

Clinical complaints A, Adenine; G, Guanine; C, Cytosine. *The Chi-square test. **An allele refers to a variant

form of a gene. In this context, each individual has two alleles for each gene—one inherited
Dysmenorrhea 38 (70.4) from each parent. A genotype refers to the combination of alleles an individual possesses for
we e 2 s e 0, il
Menorrhagia 18 (33.3) Bold values represent statistically significant results (p < 0.05).
Dyspareunia 28 (51.9)
Perimenstrual GIS complaints 229 observed in ASRM Stage 3-4, indicating a genetic basis distinct from
Perimenstrual GUS complaints 10(18.5) other disease manifestations (18). In this study, we hypothesized
Infertility 13 (24.1) that genetic factors may play a role in the pathophysiology of
Primary infertility 9(16.7) ovarian endometriosis. This study aimed to assess the genetic
Secondary infertilty 404) predisposition to the development and characteristics of this

disease, focusing on the presence of four specific inflammasome-
related polymorphisms: NOD1 (rs2075820 and rs2075818), NOD2
(rs104895461), PYDCI, and PYDC2 gene polymorphisms. This is
the first report to detail the analysis of gene polymorphisms for
these genes in endometriosis.

Previously, NOD1 and NOD2 genes were assessed for their
potential predisposition to endometrial cancer; however, no
associations were observed (19). Our study revealed that the NOD1
rs2075820 had lower (G>A) genotypes in endometriosis patients
when compared with the control group. A pro-apoptotic protein
NOD1 can trigger apoptosis through interactions with the caspase
pathway whereas NF-kB serves to suppress the apoptotic process
(20). NOD proteins can initiate signaling pathways involving both
NF-kB and caspase in endometriosis. On the other hand, the allele
frequencies of G and A in NODI rs2075820 did not differ
significantly. Other studies revealed that the presence of the A allele
of 152075820 correlated with decreased expression and activation of
NEF-kB when intracellular Propionibacterium acnes (P. acnes) infection
present in the Japanese population (21).

A few studies investigated the expression of NODs in the female
reproductive tract. NOD1 and NOD2 are differentially expressed and
regulated in the human endometrium, playing roles in the innate
immune response and potentially in the inflammatory events
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TABLE 3 NOD1 rs2075820 gene polymorphism analysis according to the
recessive model.

Unilateral endometrioma 35(77.8) 7(77.8) 0.99
Bilateral endometrioma 10 (22.2) 2(22.2) 0.99
Dysmenorrhea 34 (75.6) 4 (44.4) 0.06
Ovulatory Pain 17 (37.8) 1(11.1) 0.12
Menorrhagia 16 (35.6) 2(22.2) 0.43
Dyspareunia 24 (53.3) 4 (44.4) 0.62
Perimenstrual GIS symptoms 17 (37.8) 8(88.9) 0.005
Perimenstrual GUS symptoms 9 (20.0) 1(11.1) 0.53
Infertility 8 (17.8) 5(55.5) 0.037
Endometrioma size

Small endometrioma (<4 cm) 12 (26.7) 5(55.5) 0.08

Large endometrioma (>4 cm) 33 (73.3) 4 (44.5)

GIS, Gastrointestinal; GUS, Genitourinary. *The Chi-square tests. **This table provides a
comparison of clinical characteristics and endometrioma sizes in patients with different
genotypes (GG + GA vs. AA) for a specific polymorphism, with p-values indicating
statistical significance for each comparison. Additionally, analysis for the G and C
polymorphism (GG + GC vs. CC) was not included due to the absence of significant results.
Bold values represent statistically significant results (p < 0.05).

TABLE 4 PYDC2 gene polymorphism analysis for endometriosis patients.
PYDC2 rs293833 (c.242A > G)

Positive
n (%)

Negative p
n (%)

Unilateral endometrioma 9(75) 33(78.6) 0.79
Bilateral endometrioma 3(25) 9(21.4) 0.79
Dysmenorrhea 5(41.7) 33 (78.6) 0.014
Ovulatory Pain 6 (50) 12 (28.6) 0.16
Menorrhagia 2(16.7) 16 (38.1) 0.16
Dyspareunia 7 (58.3) 21 (50) 0.61
Perimenstrual GIS symptoms 10 (83.3) 15 (35.7) 0.004
Perimenstrual GUS symptoms 2(16.7) 8 (19) 0.85
Infertility 8 (66.6) 5(11.9) 0.001
Endometrioma size

Small endometrioma (<4 cm) 1(9.1) 16 (38)

Large endometrioma (>4 cm) 11 (90.9) 26 (62) <0.001

GIS, Gastrointestinal; GUS, Genitourinary. *The Chi-square test. **This table compares
clinical characteristics and endometrioma sizes between patients with positive and negative
PYDC2 rs293833 (c.242A > G) polymorphism, with associated p-values indicating statistical
significance. Bold values represent statistically significant results (p < 0.05).

associated with menstruation with interleukins (22). In another study,
ectopic endometrial stromal cells showed increased levels of NOD1
expression and interleukin-8, while the NODI inhibitor ML-130
suppressed proliferation, clonal expansion, invasion, and migration of
these cells without impacting apoptosis (23).The pathophysiological
mechanism behind diminished ovarian reserve in endometriosis
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remains unclear. It is debated whether endometriomas reduce
functional tissue through mechanical stretching (space-occupying
effect) or direct inflammatory impact. Ovarian endometriomas
contain immune components like reactive oxygen species (ROS),
metalloproteinases, and cytokines, which may progressively damage
the ovarian stroma and reduce the primordial follicular reserve over
time (24).

Ovarian endometriosis poses a challenge to ovarian reserve,
though the extent of its uniform impact on reserve remains debated.
A retrospective study on women with ovarian endometriomas (mean
diameter 26 + 8 mm) undergoing multiple ovarian stimulation cycles
found consistent oocyte retrieval rates from affected ovaries across
cycles, at 44% for both initial and subsequent cycles. Another study
reported a statistically significant 26% decrease in anti-miillerian
hormone (AMH) levels over six months in 40 women with
endometriomas (mean diameter 46 + 17 mm), indicating a progressive
decline in ovarian reserve (25).

Ovarian endometrioma size has been studied in relation to
ovarian stimulation, with a 4 cm diameter threshold commonly used
to indicate potential impact on ovarian response. Generally, small
cysts have minimal effects, while larger cysts can significantly affect
ovarian function. Our findings reveal that the NOD1 rs2075820 AA
phenotype and PYDC2 rs293833 (c.242A > G) polymorphism are
strongly associated with female infertility. Additionally, PYDC2
15293833 (c.242A > G) correlates with larger endometriomas (>4 cm).
Subgroup analysis supports GWAS recommendations for assessing
genetic variations, particularly in cases with larger ovarian cysts and
severe endometriosis, to improve reproductive outcomes.

The primary treatments for endometriosis include surgery and
pharmacological options like hormone therapy and NSAIDs for pain
management. Surgical excision can improve symptoms and fertility;
however, recent reviews show recurrence rates of 21.5% at 2 years and
40-50% at 5 years, indicating that recurrences and repeat surgeries
may exacerbate pain and further reduce fertility (26).

Therefore, regular and long-term medication use is recommended
to prevent postoperative recurrence of endometriosis. However,
hormone therapies, due to estrogens role in endometriosis
development, may suppress follicular development and ovulation,
making treatment challenging for women seeking pregnancy. NLRs
are hypothesized as promising therapeutic targets for addressing
inflammation-associated endometriosis via their pivotal role in innate
immunity (10). NLR family pyrin domain containing 3 (NLRP3) and
NLR family CARD domain containing 5(NLRC5) have prominent
improving effects on endometriosis with altering fibrosis and
inflammation in previous studies (27, 28).

The NLRP3/IL-1p pathway plays a role in endometriosis
development, and NLRP3 inhibitors may help reduce ovarian
endometrioma size and improve ovarian function (29). In a study,
increased NOD1 expression and inflammatory cytokines in ectopic
endometrial cells in peritoneal fluid, with the NOD1 inhibitor ML130
significantly reducing cell viability and cytokine production (30).
Furthermore, mifepristone has been shown to exhibit protective
effects against NLRP1 inflammasome activation and to minimize
damage to hippocampal neurons caused by dexamethasone (31).
Thus, strategies targeting the inflammasome axis may serve as
potential therapeutic options for treating endometriosis.

Women with pelvic endometriosis often experience pain due
to pelvic visceral hypersensitivity, along with abdominal and
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pelvic discomfort. Studies show that the inflammatory
microenvironment within ectopic lesions activates sensory nerve
endings through inflammatory mediators, amplifying pain signal
transmission (32). This hypothesis is reinforced by fluctuations
in cyclic inflammatory markers during the menstrual cycle,
which correlate with heightened gastrointestinal symptoms. The
overlap between endometriosis and irritable bowel syndrome
(IBS)—more commonly diagnosed in women with pelvic
endometriosis—adds complexity to interpreting gastrointestinal
symptoms. Additionally, endometriosis patients show lower pain
thresholds in response to bowel distension and other
gastrointestinal triggers (33, 34). In another study, NODI
rs2075820 was not associated with inflammatory bowel disease
in the Turkish population (35).

Our findings suggest that NOD1 rs2075820 AA phenotype and
PYDC2 rs293833 (c.242A>G) polymorphism is strongly associated
with increased gastrointestinal complaints in ovarian endometriosis
patients. The localization of ovarian endometriosis in areas closely
related to the terminal parts of the colon, along with its inflammatory
characteristics and local factors such as prostaglandin release, may
explain the increased incidence of gastrointestinal complaints in
endometriosis patients. However, painful symptoms associated
with deep infiltrative endometriosis (DIE) may also cause pain
characteristics, often specific to precise anatomical locations or affected
organs, such as severe deep dyspareunia or painful defecation.A
limitation of the study includes the potential for more robust results if
the sample size for subgroup analysis is increased, even though the
sample size was previously calculated specifically for ovarian
endometriosis. On the other hand, to the best of our knowledge, this is
the first study to evaluate endometriomas with their sizes and genetic
profiles together. Obtaining significant differences between these
groups may provide valuable insights for further studies.

Conclusion

Our study shows a correlation between genetic predispositions,
inflammatory pathways, and the clinical manifestations of ovarian
endometriosis. By investigating specific inflammasome-related
polymorphisms, NOD1, and PYDC2 gene variants, we have
with
gastrointestinal complaints in affected individuals. These findings

uncovered potential associations infertility and
imply that the inflammatory microenvironment substantially
influences infertility, particularly through pathways associated
with the inflammasome complexes. The importance of considering
genetic variations is shown in the evaluation and management of
endometriosis, especially in subgroups characterized by severe
disease phenotypes. Moreover, our results highlight the complex
nature of endometriosis pathophysiology, implicating not only
mechanical and inflammatory processes but also genetic factors

in disease progression and symptomatology.
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Objectives: Adenomyosis (AM) is a chronic disorder that significantly impacts
women's health and quality of life worldwide, particularly by causing progressive
impairment in fertility. This study aimed to summarize and visualize the literature
concerning AM-associated infertility using scientometric analysis.

Methods: We conducted a literature search in the Web of Science™ Core
Collection (WoSCC) database for “adenomyosis” and “infertility” as topics from
2000 to 2024. The collected data were organized in Microsoft Office Excel for
further analysis. Bibliometric analyses and visualizations were performed using
Origin, CiteSpace, VOSviewer, and the Bibliometrix package.

Results: A total of 456 articles were published across 153 journals, reflecting
a growing trend in both published and cited articles. The scholars with the
highest output were Petraglia F., Chapron C., and Pellicer A., while the Fertility
and Sterility were the most publications’ journal. China, the United States, and
Italy ranked as the top three countries globally regarding relevant publications
worldwide. The 190 keywords in the literature were divided into eight clusters
primarily related to pathogenesis, adverse factors affecting pregnancy, treatment
methods, diagnostic methods, disease progression, in vitro fertilization (IVF)
management, infertility in women, and fertility management. Current hotspots
in this field include investigating potential mechanisms of pathogenesis,
diagnostic strategies, and improving pregnancy outcomes for patients with AM-
associated infertility.

Conclusion: This study highlights that infertility is the most significant and
complex issue associated with AM. Although chronic disease management
strategies, pharmacological treatments, and assisted reproductive technologies
(ART) have improved fertility outcomes in women with AM, further clinical
translational research is still warranted.
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1 Introduction

Adenomyosis (AM) is a prevalent and chronic condition affecting
reproductive-aged women. Pathologically, it is similar to
endometriosis and is characterized by the benignly infiltrate of
endometrial glands and stroma into the underlying myometrium,
leading to progressive uterine enlargement (1, 2). The most common
clinical manifestations of AM are abnormal uterine bleeding
associated with anemia, chronic pelvic pain (such as dysmenorrhea
and dyspareunia), infertility, and an increased risk of adverse
pregnancy outcomes, all of which seriously affect the quality of
womens lives in their reproductive age (3, 4).

In recent years, the incidence of AM has risen, with a notable
trend of the younger women being affected, and an increasing number
of AM patients are of childbearing age with seeking fertility needs.
Alarmingly, 19.5% of AM patients experience infertility (5), with over
80% of infertile patients attributed to AM and more than 30% of these
individuals having previously failed assisted reproductive technology
(ART) treatments (6). Moreover, female infertility and subfertility
present complex challenges, accompanied by substantial economic
burden and profound psychosocial effects (7), including elevated
levels of anxiety and depression (8). Therefore, understanding the
mechanisms through which AM impacts fertility has garnered
significant scholarly attention, elucidating these pathways is critical
for developing accurately targeted treatment strategies.

Despite extensive research on AM-associated infertility, there
remains a scarcity articles that offer preliminary insight into its
pathogenesis. The exact pathogenesis underlying AM’s impact on
fertility have yet to be fully elucidated, hindering the development of
targeted therapies and presenting an enormous scientific challenge for
researchers. Consequently, a comprehensive big data analysis of the
pathogenesis, research progress, trends, and focal points concerning
AM-associated infertility is essential. This effort not only to facilitates
the generation of innovative research ideas but also fosters
collaborative global initiatives aimed at overcoming the identified
challenges (9).

Bibliometrics, a field that qualitatively and quantitatively analyzes
academic publishing, employs mathematical and statistical method to
assess published works within specific disciplines (10). Recently,
scientometric analysis and data visualization have emerged as valuable
methodologies, extensively applied across various biomedical sciences
and public health disciplines (11, 12). Compared to the traditional
literature reviews, scientometrics with its visual capabilities offers
advantages in quickly identifying research hotspots, critical issues, and
guiding future exploration within exciting fields (13-15). For instance,
Jin et al. (16) employed bibliometrics techniques to reveal gaps,
traditional focal points, and potential prospects in menopausal
syndrome research, clarifying future research directions for
investigators. Despite the emergence of several literature reviews and
meta-analyses on AM-associated infertility in the last two decades,
there has been a notable lacking in scientometric studies exploring the
link between AM and infertility.

To fill the apparent gap in knowledge, our study conducted
bibliometrics analysis for drawing scientific knowledge maps and
generating data visualization to reveal the relationship between
AM and infertility by using multiple software tools. The statistical
results of the keyword analysis were analyzed and summarized, which
included publication year, countries and regions, institutions, authors,
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journals, relevant references, timeline view, and keyword
co-occurrence and citation burst analysis from 2000 to 2024. This
study aims to elucidate research trends and core challenges in
AM-associated infertility, ultimately providing new perspectives and
ideas for future investigations and attracting increased attention from

scientific community.

2 Materials and methods
2.1 Data retrieval and extraction

We utilized the Web of Science Core Collection (WoSCC) of the
Science Citation Index Expanded (SCIE) to retrieve and download the
citation data on May 29th, 2024. The WoS database is recognized as
one of the most authoritative and comprehensive citation databases,
frequently employed for bibliometric studies due to its inclusion of
nearly all impactful and high-quality journals, as well as its extensive
data sources (17-19). Furthermore, previous studies have shown that
the WoS for is more accurate than other databases literature-type
labeling (13, 20). We chosen “Adenomyosis” and “Infertility” as our
search terms. The retrieval formula used was as follows: [#1 was
“Adenomyosis” OR “Adenomyomectomy “OR “Adenomyosis uteri”
“OR” Cystic Adenomyosis” OR “Diffuse Adenomyosis” OR “Focal
Adenomyosis “OR “Uterine Adenomyosis.” #2 was “Infertility” OR
“Impaired fecundity “OR “Diminished semen quality” OR
“Reproductive failure” OR “Fertility impairment” “Barrenness” OR
“Sterility” Final dataset was constructed as follows:: #1 AND #2]. The
topical terms were restricted to the title, abstract, or keywords. The
retrieval time range was from January 1st, 2000, to May 29th, 2024,
with the search limited to the English languages and document types
restricted to articles and reviews. A total of 456 pieces of literature
were retrieved. The matching citation data were output as “Full Record
and Cited References” and saved in “Plain Text” format.

2.2 Analysis method

Microsoft Office Excel 2019 was utilized to store and manage the
relevant data. Subsequently, the pertinent data were subjected to
further visualization analysis using OriginPro 2023, CiteSpace
(version 6.1R6), VOSviewer (version 1.6.20), and the Bibliometrix
package.!

Origin software was employed to analyze and map the number of
annual publications, providing an intuitive understanding of the
trends in the volume of research papers (21). CiteSpace was initially
utilized for bibliometric analysis, encompassing country/regions,
organization, category, cited journal, keyword, and reference (22).
CiteSpace is a robust visualization tool that aids in identifying trends
and hotspots within research fields by analyzing citation networks and
exhibiting relationships between publications, including collaboration
networks and keyword co-occurrence. Its broad user community,
regular feature updates, cross-platform compatibility, and free
accessibility make it the preferred software for bibliometric analysis

1 www.bibliometrix.org/home/
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(23). VOSviewer was used to optimize and visualize the scientific
knowledge graph (24). Known for its versatility and user-friendly
interface, VOSviewer excels in producing high-quality visualizations
and offers extensive customization options. It efficiently processes
large datasets, integrates seamlessly with major bibliometric databases,
and includes text mining capabilities. Additionally, the software
benefits from strong community support and comprehensive
documentation, making it an invaluable tool for researchers (25).
Bibliometrix provides a comprehensive analysis features for
conducting the mapping of the co-occurrence network and clustering
of keywords, enabling researchers to explore various aspects of
scholarly communication (26). In all visualization networks, the size
of the node represents the number of publications, the color of the
node indicates different periods or clusters, and the thickness of the
lines reflects the correlation’s strength.

The impact factor (IF) and H-index were included in the data
table to help objectively assess the reliability and value of the journal
and article research. The IF serves as a critical indicator for measuring
the influence and prestige of academic journals (27), while the
H-index evaluates scholarly contributions and predict future research
accomplishments (28). To avoid bias, given that the database is
updated daily, both authors individually conducted a comprehensive
online search and analysis within a single day. The strategy of literature
retrieval and scientometric analysis is shown in Figure 1.

3 Results
3.1 Annual publication output and trend
A total of 456 articles on AM-associated infertility from 2000 to

2024 were identified. The annual publication count is exhibited in
Figure 2A. Despite some fluctuations in annual publications, the

@ Topics:Adenomyosis and infertility
@Filter:Web of Science Core Collection

-

-—> Origin ,CtieSpace, VOSviewer, Bibliometrix

\

FIGURE 1
Flow chart of the scientific analysis.
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overall trend has been upward. Before 2011, published documents
were primarily in the single digits, from 2012 onward, publications
consistently remained in double digits. The peak occurred in 2023,
with 71 publications. Numerous publishers contributed literature
across various subject categories, with the top 10 publishers and
categories listed in Table 1. The largest publishers are Elsevier (130);
the most common research category is obstetrics and gynecology
(265). Figure 2B shows the annual citation counts, totaling 13,426
citations across retrieved articles, resulting in an average number of
29.44 citations per paper. The H-index for screened publications was
62, indicating a steady upward trend in annual citations. In 2023,
citations peaked at 2,375. Notably, the most substantial research
output and citation frequency increase occurred between 2019
to 2023.

3.2 Distribution of countries/regions and
institutions

The publications involved 51 countries/regions and 123 institutions.
The top 10 countries/regions by total published papers are shown in
Table 2. China led with 25.44% (116 articles), followed by the USA
(17.54%, 80 articles), Italy (14.69%, 67 articles), France (8.77%, 40
articles), and Japan (7.46%, 34 articles). Figures 3A,B depict the
top-ranking countries regarding published articles and corresponding
authors, revealing Chinas significant influence in AM-associated
infertility research. The H-index for the top 10 most productive
countries/regions indicates that the USA (3,051), England (1,928),
Germany (1,690), France (1,514), Australia (1,377), and China (1,333)
have made notable contributions. High-yield institutions mainly
originate from Europe. The cooperation network analysis among
countries is illustrated in Figures 3C,D, showing that China, Belgium,
and France collaborated closely. The top 10 productive institutions and
their cooperation network are displayed in Figure 4. Leading
organizations include the Assisting the Paris Public Hospital (4.83%, 22
papers), University Paris (3.73%, 17 papers), Cochin University Hospital
(3.29%, 15 papers), National Institute of Health and Medical Research
(3.07%, 14 papers) and Katholieke Universiteit Leuven (3.07%, 14
papers). Additionally, institutions with prominent cooperation networks
include Siena University, Shanghai Jiao Tong University, Ku Leuven
Catholic University, Fudan University, and the University of Milan.

3.3 Journals and co-cited journals

This analysis include 153 journals and 401 co-cited journals. The
top 20 most productive and co-cited journals are summarized in
Table 3. Fertility and Sterility (10.53%, 48 papers) published the most
papers in this field, followed by Human Reproduction (5.48%, 25
papers), Reproductive Biomedicine online (5.26%, 25 papers),
Reproductive Sciences (3.29%, 15 papers), American Journal of
Obstetrics and Gynecology (2.85%, 13 papers) and Journal of Minimally
Invasive Gynecology (2.41%, 11 papers). Co-citation network analysis
is displayed in Figure 5, revealing that Fertility and Sterility was the
most frequently co-cited journal, with 1,578 total citations, followed by
Human Reproduction (1,477 citations), Reproductive Biomedicine
Online (954 citations); Human Reproduction Update (865citations)
and Best Practice & Research Clinical Obstetrics & Gynecology (441
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FIGURE 2
Annual publication and citation trends related to AM-associated infertility in the past 24 years. (A) The blue bars represent the yearly publications per
year, the purple line represents the trend of annual publications in the total number of publications, and the purple solid dots represent the specific
percentage (%) of yearly publications to total publications. (B) The brown bars represent the annual citations per year, the purple line represents the
trend of yearly citations in the total number of citations, and the purple solid dots represent the specific percentage (%) of annual citations to total
citations

citations). Among the top 20 journals, Human Reproduction Update
had the highest IF of 13.3 in 2024, while Human Reproduction boasted
the highest H-index of 209 in 2024.

3.4 Authors and co-cited authors

The analysis identified 98 authors (with more than two articles were
published) and 179 co-cited authors (with over 30 citations).
Figures 6A,B feature the top most productive authors and contributors,
while Figures 6C,D illustrate the top cited authors and the cooperation
network between different authors. Detailed information on the top 10
authors and co-cited authors is presented in Table 4. Petraglia E, Santulli
P, and Pellicer A. were the most published authors, each contributing
13 papers in the field of AM-associated infertility. Following them,
Santulli P. and Bourdon M. each published 10 papers. The centrality of
the top 10 published authors ranged from 0.018 to 0.029, with Petraglia
E, Santulli P, and Pellicer A. achieving the highest centrality of 0.029.
In terms of total co-cited frequency, the leading authors were Vercellini
P. (314 citations), Leyendecker G. (199 citations), Kunz G. (178
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citations). The close collaboration among different authors and co-cited
authors indicate their crucial role in advancing the field.

3.5 Co-citation analysis for reference,
focused topics, and timeline views

Table 5 lists the 30 most highly cited literature in the field of
AM-associated infertility, highlighting six studies that have been
co-cited over 200 times. The most co-cited article by Chen C. et al.
(2017), published in Nature Communications, with 458 citations. This
is followed by Koninckx P. R. et al. (2012) in Fertility and Sterility, with
325 citations, Kunz G. et al. (2005) and Vercellini P. et al. (2014) in
Human Reproduction, with 276 and 242 citations, respectively.
Co-citation analysis of the research topics was performed using
CiteSpace, the results of which are presented in Figure 7. This analysis
categorized all included papers into 10 clusters based on their primary
research topics, endometrial receptivity (#0), AM (#1), preterm birth
(#2), tobacco consumption (#3), junctional zone (#4), endometrium
(#5), infertility (#6), fallopian tubes (#7), endometriosis (#8), and
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TABLE 1 Top 10 publishers and categories related to adenomyosis associated infertility in the past 24 years.

Rank  Publishers Counts Counts Rank Category Counts  Counts
1 Elsevier 130 28.51% 1 Obstetrics Gynecology 265 58.11%
2 Springer Nature 57 12.50% 2 Reproductive Biology 177 38.82%
3 Oxford University Press 45 9.87% 3 Medicine General Internal 43 9.43%
4 Wiley 37 8.11% 4 Radiology Nuclear Medicine Medical Imaging 41 8.99%
5 MDPI 32 7.02% 5 Endocrinology Metabolism 26 5.70%
6 Taylor & Francis 25 5.48% 6 Medicine Research Experimental 18 3.95%
7 Frontiers Media SA 17 3.73% 7 Multidisciplinary Sciences 10 2.19%
8 Lippincott Williams & Wilkins 16 3.51% 8 Biochemistry Molecular Biology 9 1.97%
9 Thieme Medical Publishers 11 2.41% 9 Oncology 9 1.97%
10 Hindawi Publishing Group 6 1.32% 10 Public Environmental Occupational Health 9 1.97%

TABLE 2 Top 10 countries and organizations related to adenomyosis associated infertility in the past 24 years.

Rank Country Counts Counts H-index Rank Organizations Counts = Counts
1 China 116 25.44% 1,333 1 Assistance Publique Hopitaux Paris APHP 22 4.83%
2 USA 80 17.54% 3,051 2 Universite Paris Cite 17 3.73%
3 Ttaly 67 14.69% 1,333 3 Hopital Universitaire Cochin APHP 15 3.29%
4 France 40 8.77% 1,514 4 Institut National de la Sante et de la Recherche 14 3.07%
Medicale INSERM
5 Japan 34 7.46% 1,301 5 KU Leuven 14 3.07%
6 Belgium 31 6.80% 1,067 6 University of Siena 14 3.07%
7 Germany 31 6.80% 1,690 7 Sapienza University Rome 11 2.41%
8 England 29 6.36% 1,928 8 Shanghai Jiao Tong University 11 2.41%
9 Spain 22 4.83% 1,215 9 Fudan University 10 2.19%
10 Australia 17 3.73% 1,377 10 IRCCS CA Granda Ospedale Maggiore Policlinico 10 2.19%

adenomyoma (# 9). Timeline view analysis indicates that the most  quality of life, and medical treatment (Figures 8C-J). Additionally,

popular research topics are endometrial receptivity (#0), AM (#1),  we analyzed citation bursts using CiteSpace and displayed the top 25

endometrium (#5), infertility (#6), and adenomyoma (# 9). The  keywords exhibiting the most significant citation bursts in Figure 9.

earliest papers with citation bursts emerged between 2010 and 2015.  This figure shows the period during which keyword citation bursts
occurred, particularly relating to the disease concepts. For example,
disease, rapid sperm transport, and hormone agonists were among the

3.6 Analysis of co-occurrence of keywords  earliest to exhibit citation bursts.

and citations Keywords related to AM treatment and clinical research,
including magnetic resonance imaging, junctional zone, pregnancy,

This analysis included a total of 190 keywords with a frequency ~ bowel resection, infertile women, and transvaginal ultrasound,

exceeding five occurrences. We performed a keyword co-occurrence  typically experienced citation burst between 2006 and 2009, with

analysis to further explore hot topics using the Bibliometrix package. = moderate intensity. Notably, our analysis identified keywords that

Figure 8A display the 10 most common keywords with the strongest ~ continue to exhibit significant citation burst projected through 2024,

associations within the keyword network. The most frequently  including pathogenesis (strength = 5.91; period = 2022-2024), uterine

occurring keywords was AM (n = 320; total link strength = 2,263),  volume (strength = 2.63, period = 2022-2024), cancer

followed by endometriosis (n =205; total link strength =1,563),  (strength = 2.49, period = 2022-2024). These keywords may represent

infertility (n = 193; total link strength = 1,469), and women (n=127;  key focal points and objectives in current AM-associated

a total link strength =993), diagnosis (n =105 a total link infertility research.

strength = 865). High-frequency keywords are valuable for aiding

researchers in effectively identifying current hot topics in the field. A

network diagram illustrating the most frequently used keywords is 3.7 Clustering analysis of keywords

shown in Figure 8B. This study identified 190 keywords classified into

eight clusters: pathology and mechanisms, adverse pregnancy- We manually classified the keywords from network data into eight

associated, surgery treatment, diagnosis, ART, infertility factors,  clusters to elucidated the current research trends related to
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FIGURE 3

The most productive countries/regions related to AM with infertility in the past 24 years. (A) The top-ranking countries/areas in the articles published
by the corresponding author. The orange bars represent the corresponding author’s country (MCP), and the green bars represent the second
corresponding author's (SCP). (B) Global distribution of the production countries/regions of the articles. (C) The closest cooperation network among
the most productive countries/regions. (D) The closest cooperation network among the most productive countries/regions.

AM-associated infertility. These clusters encompass pathogenesis,  interventions, hormone therapy, and uterine artery embolization, all
adverse factors affecting pregnancy, treatment and diagnostic methods, ~ of which can adversely affect quality of life of AM patients
disease progression, IVE infertility women, and fertility management.  (Figure 10C). Cluster 4 reveals that the diagnosis of AM primarily
Cluster 1 indicates that AM encompass a spectrum of diseases  relies on ultrasound and magnetic resonance imaging (MRI), but
influenced by epithelial-mesenchymal transition, eutopic  variability in diagnostic methods impacts the accuracy of the results
endometrium, and inflammation, which collectively impair  (Figure 10D). From cluster 5, we infer that AM significant impacts the
endometrial receptivity and may cause infertility. Notably, research ~ implantation success rates for patients attempting to conceive, as
hotspots in this field predominantly focus on gene expression  disease progression can lead to myometrial fibrosis and alterations in
(Figure 10A). Cluster 2 highlights that AM poses significant risks for ~ uterine volume (Figure 10E).
pregnancy, resulting in increased complications such as placenta Furthermore, according to cluster 6, AM may increase the difficulty
previa, preterm birth, and preeclampsia (Figure 10B). In cluster 3, the  and risk of miscarriage among patients undergoing IVE possibly lead to
primary treatment means for AM have been divided into surgical ~ damage to the junctional zone. Thus, enhanced pretreatment strategies
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FIGURE 4
The most productive institutions related to AM with infertility in the past 24 years. (A) The most productive institutions. The solid blue dots represent
the number of publications. (B) The closest cooperation network is among the most productive institutions.

and vigilant monitoring are essential (Figure 10F). Cluster 7 reinforces
that AM is a significant risk factor for infertile women, emphasizing
gene-associated pathogenesis, which holds the potential to is expected to
address the current challenges of AM-associated infertility effectively
(Figure 10G). Lastly, cluster 8 reveals that ensuring fertility preservation
in AM patients represents a crucial and challenging long-term objective,
necessitating individualized treatment choices such as dienogest, the
levonorgestrel-releasing intrauterine system, high-intensity focused
ultrasound, or laparoscopic myomectomy (Figure 10H).

4 Discussion

This study represents the first analysis of the global research

landscape surrounding AM-associated infertility utilizing

Frontiers in Medicine

116

bibliometrics methodologies. Both AM and infertility are common
gynecologic diseases that not only pose significant challenges for
individuals but also impose substantial economic burdens on the
national healthcare systems, society, and families (29, 30). The
reported prevalence of AM can be as high as 70% (31), and it affects
approximately 24.4% of infertile women (32). AM is widely recognized
for its detrimental affects on fertility, contributing to infertility among
women of childbearing age (33-35). Moreover, the incidence of
AM associated with infertility is increasing annually, correlating with
the tendency of delayed childbearing among women (5, 31).
Cozzolino et al. (36) confirmed that women with AM have reduced
live birth rates (LBR) (OR 0.59, 95% CI 0.37-0.92, p = 0.02), clinical
pregnancy rate (OR 0.66, 95% CI 0.48-0.90), and ongoing pregnancy
rate (OR 0.43, 95% CI 0.21-0.88), alongside an increased miscarriage
rate (OR 2.11, 95% CI 1.33-3.33). Younes et al. (37) reported a 41%
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TABLE 3 Top 20 output and most co-cited journals related to adenomyosis associated infertility in the past 24 years.

Rank Journal

Counts

Counts

Rank Co-cited journals

Citation
counts

IF
(2024)

H-index
(2024)

1 Fertility and Serility 48 10.53% 1 Fertility and Sterility 3,080 6.9 190
2 Human Reproduction 25 5.48% 2 Human Reproduction 1,477 6.1 209
3 Reproductive Biomedicine 24 5.26% 3 Reproductive Biomedicine online 954 4 100
Online
4 Reproductive Sciences 15 3.29% 4 Human Reproduction update 865 133 158
5 Journal of Clinical Medicine 13 2.85% 5 Best Practice & Research Clinical 441 5.5 72
Obstetrics & Gynaecology
6 Journal of Minimally Invasive 11 2.41% 6 Radiographics 297 5.5 151
Gynecology
7 European Journal of Obstetrics 9 1.97% 7 Journal of Minimally Invasive Gynecology 267 4.1 70
& Gynecology and
Reproductive Biology
8 Archives of Obstetrics and 8 1.75% 8 Reproductive Sciences 265 2.9 70
Gynecology
9 Journal of Obstetrics and 8 1.75% 9 European Journal of Obstetrics & 240 2.6 90
Gynaecology Research Gynecology and Reproductive Biology
10 Seminars in Reproductive 8 1.75% 10 Seminars in Reproductive Medicine 219 2.7 69
Medicine
11 Frontiers in Endocrinology 7 1.54% 11 American Journal of Obstetrics and 178 9.1 203
Gynecology
12 Gynecological Endocrinology 7 1.54% 12 Taiwanese Journal of Obstetrics & 164 2.1 29
Gynecology
13 Reproductive Biology and 7 1.54% 13 Ultrasound in Obstetrics & Gynecology 162 7.1 128
Endocrinology
14 Taiwanese Journal of Obstetrics 7 1.54% 14 Reproductive Biology and Endocrinology 158 4.4 79
& Gynecology
15 Acta Obstetricia et 6 1.32% 15 Gynecological Endocrinology 155 2 53
Gynecologica Scandinavica
16 Best Practice & Research 6 1.32% 16 Journal of Obstetrics and Gynaecology 151 1.6 44
Clinical Obstetrics & research
Gynaecology
17 Current Opinion in Obstetrics 6 1.32% 17 Acta Obstetricia et Gynecologica 136 4.3 93
Gynecology Scandinavica
18 Frontiers in Medicine 6 1.32% 18 Biomed Research International 128 0 94
19 Human Reproduction Open 6 1.32% 19 Current Opinion in Obstetrics & 118 2.1 66
Gynecology
20 Human Reproduction Update 6 1.32% 20 Cells 111 6 14

reduction in LBR among patients with AM. Vercellini et al. (38)
elaborated a 28% decrease in the likelihood of clinical pregnancy via
ART compared to women without AM. Additionally, Marvelous et al.
(39) indicated a decline in clinical pregnancy among AM patients,
ranging from 42.7% with an AM score of zero to 13% with a score
of seven.

Consequently, a growing number of scholars are focusing on the
relationship between AM and infertility, resulting in a large
aggregation of articles and reviews exploring the complex mechanisms
underlying this association. Despite this, a systematic method for
analyzing and identifying key areas of interest in this research domain
has been lacking. Bibliometric analysis, similar to epidemiological
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approaches, offers a robust means of highlighting potential future

research directions by examining authorship, institutional
contributions, journal impact, and keyword usage in existing
literature. This approach provides valuable insights that can inform
and deepen future investigations in the field (10, 40, 41).

In this study, we performed a scientometric analysis to grasp the
current research hotspots, keywords, focal points, challenges, and
trends pertaining to AM-associated infertility. Our analysis
encompassed 456 articles and reviews published across 153 journals by
123 institutions in 51 countries/regions, yielding a total of 13,426
citations and 62 H-indexes. We established that AM remains a primary

concern and a significant challenge within infertility research globally,
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8& VOSviewer
FIGURE 5
Network for the co-cited journals related to AM-associated infertility in the past 24 years. Fertility and Sterility, Human Reproduction, and Reproductive
Biomedicine Online were the most co-cited journals. The node color represents the different co-cited journals, and the node size represents the
number of co-cited journals. Lines of other colors show that the two keywords appear in an article. The lines between nodes represent the cross-
reference relationships between different journals.

TABLE 4 Top 10 authors and co-cited authors related to adenomyosis associated infertility in the past 24 years.

Published author Counts Co-cited author Citation
1 Petraglia F. 13 0.029 1 Vercellini P. 314
2 Chapron C. 13 0.029 2 Leyendecker G. 199
3 Pellicer A. 13 0.029 3 Kunz G. 178
4 Santulli P. 10 0.022 4 Bazot M. 165
5 Bourdon M. 10 0.022 5 Chapron C. 151
6 Vannuccini S. 9 0.020 6 Dueholm M. 125
7 Maignien C. 9 0.020 7 Exacoustos C. 123
8 Marcellin L. 9 0.020 8 Benagiano G. 115
9 Ayoubi J. 8 0.018 9 Khan K. 105
10 Benagiano G. 8 0.018 10 Reinhold C. 104

with a continuous growth in the quantity of published articles since
2006. The significance of studying the association between AM and
infertility is gradually gaining recognition within both academic and
clinical circles. Major contributions were identified from China, the
USA, Italy, France, and Japan, collectively ranking as the top five
countries in terms of publications. This trend may be attributed to the
high prevalence of AM and the relatively advanced status of infertility
and biomedical study in these nations. We divided 190 keywords,
which appeared more than five times, into eight clusters, mainly
focused on pathogenesis, adverse factors affecting pregnancy, treatment
methods, diagnostic modalities, disease progression, IVF management,
infertility, and fertility management. These clusters indicate significant
interest in AM-related infertility research over the past 24 years.
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Additionally, by analyzing the citation burst of keywords,
we discovered emerging research hotspots in the potential mechanisms
of pathogenesis, diagnostic methods, and strategies for improving
pregnancy success in AM-associated infertility. Recent investigations
have increasingly aimed at decoding the intricate mechanism involved
in the application of targeted therapies for AM patients with infertility.
Although an unambiguous understanding of the pathogenesis is still
pending, several hypotheses have gained traction. Altered endometrial
function and receptivity in AM patients may give rise to a
pro-inflammatory environment and heightened oxidative stress,
negatively affecting embryo implantation and survival (42, 43). Other
proposed mechanisms include abnormal uterotubal transport caused
by adenomyomas with obstruction, which may block sperm transport
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Map of authors and co-cited authors related to AM-associated infertility in the past 24 years. (A) Spectrum density diagram of the most productive
authors. (B) The most productive contributing authors of the network diagram. (C) The spectrum density map of the co-cited authors. The authors’
closest relationship is allocated to one cluster with the same color in this cluster density map. (D) The cooperation of different authors with co-cited

authors in the network diagram.

by distorting the uterine cavity and disrupting normal myometrium
structure and function (31, 33). Additionally, irregular uterine
contractions during the follicular phase and disturbance in the uterine
junctional zone have been implicated as potential contributors to
AM-associated infertility (44-46). Recent findings show that increased
amplitude and decreased contraction coordination in AM patients
could significantly lead to infertility, particularly during the luteal phase
when implantation occurs (47). The importance of uterine peristalsis
during the peri-implantation phase is notably highlighted in the context
of IVF implantation failures and adverse pregnancy outcomes in
AM (48). These findings indicate quantifying abnormal patterns and
measures of uterine contractility offers a potential new tool for
explaining infertility associated with AM (47).

Frontiers in Medicine

Moreover, evidence of AM with infertility, involving various
biomarkers such as matrix metalloproteinases (MMP), interleukins
(IL-6, IL-10), HOXAI10, leukemia inhibitory factor (LIF),
cytochrome P450, and RCAS1 (49). Previous studies suggest that the
downregulation of HOXA10, NR4A receptor, and FOXO1A appears
to impaired implantation in women with AM (50, 51), and
dysregulation of LIF has a similar effect (52). Additionally, molecules
like nitric oxide, which are expressed at abnormally high levels,
adversely impact sperm transport, implantation, and decidualization,
leading to AM-related infertility (53).
antioxidative cytokines, including copper (Cu), manganese

Pro-oxidative and

superoxide dismutase (Mn-SOD), and zinc superoxide dismutase
(Zn-SOD), are associated with increased inflammatory responses in
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TABLE 5 Top 30 most highly cited literature related to adenomyosis associated infertility in the past 24 years.

Title

Author

Source title

Publication

year

10.3389/fmed.2025.1488866

Total
citations

Average
per year

Frontiers in Medicine

120

1 The microbiota continuum along the female reproductive | Jia H. Nature Communications 2017 458 57.25
tract and its relation to uterine-related diseases
2 Deep endometriosis: definition, diagnosis, and treatment | Donnez J. Fertility and Sterility 2012 325 25
3 Adenomyosis in endometriosis—prevalence and impact | Leyendecker G. | Human Reproduction 2005 276 13.8
on fertility. Evidence from magnetic resonance imaging
4 Uterine adenomyosis and in vitro fertilization Somigliana E. Human Reproduction 2014 242 22
outcome: a systematic review and meta-analysis
5 Infertility and reproductive disorders: impact of Petraglia F. Human reproduction update 2016 216 24
hormonal and inflammatory mechanisms on
pregnancy outcome
6 Pathogenesis of endometriosis: the genetic/epigenetic = Martin D. C. Fertility and Sterility 2019 209 34.83
theory
7 Adenomyosis: epidemiological factors Fedele L. Best Practice & Research Clinical 2006 192 10.11
Obstetrics & Gynecology
8 Magnetic resonance imaging and transvaginal Olesen F. Fertility and Sterility 2001 189 7.88
ultrasonography for the diagnosis of adenomyosis
9 Pathogenesis of uterine adenomyosis: invagination or | Dolmans M. M. | Fertility and Sterility 2018 187 26.71
metaplasia?
10 Oxidative stress may be a piece in the endometriosis Mikolajezyk M. | Fertility and Sterility 2003 185 8.41
puzzle
11 Diagnosing adenomyosis: an integrated clinical and Petraglia F. Human Reproduction Update 2020 184 36.8
imaging approach
12 Pathogenesis of adenomyosis: an update on molecular | Petraglia F Human Reproduction Online 2017 172 215
mechanisms
13 Uterine adenomyosis in the infertility clinic Timmerman D. = Human Reproduction Update 2003 148 6.73
14 The impact of adenomyosis on women’s fertility Taniguchi F. Obstetrical & Gynaecological 2016 147 16.33
Survey
15 Effects of adenomyosis on in vitro fertilization Tulandi T. Fertility and Sterility 2017 146 18.25
treatment outcomes: a meta-analysis
16 Recurrence of ovarian endometrioma after Taketani Y. Human Reproduction 2006 146 7.68
laparoscopic excision
17 Adenomyosis and subfertility: a systematic review of Bhattacharya S. | Human Reproduction Update 2012 145 11.15
prevalence, diagnosis, treatment and fertility outcomes
18 Role of medical therapy in the management of uterine | Petraglia F. Fertility and Sterility 2018 142 20.29
adenomyosis
19 Medical and surgical management of adenomyosis Brosens L. Best practice & Research Clinical 2006 135 7.11
Obstetrics & Gynaecology
20 The role of HOX genes in female reproductive tract Taylor H. S. Cold Spring Harbor Perspectives 2016 134 14.89
development, adult function, and fertility in Medicine
21 The pathophysiology of uterine adenomyosis: an update | Brosens I. Fertility and Sterility 2012 134 10.31
22 Structural abnormalities of the uterine wall in women Leyendecker G. | Human Reproduction 2000 132 5.28
with endometriosis and infertility visualized by vaginal
sonography and magnetic resonance imaging
23 MR Imaging of endometriosis: ten imaging pearls Edward R. Radiographics 2012 129 9.92
24 Uterine adenomyosis: a need for uniform terminology | Brosens L. Human Reproduction Online 2008 125 7.35
and consensus classification
25 Transvaginal sonographic features of diffuse Petraglia F. Ultrasound in Obstetrics & 2015 123 12.3
adenomyosis in 18-30-year-old nulligravid women Gynecology
without endometriosis: association with symptoms
26 Uterine polyps, adenomyosis, leiomyomas, and Munro M. G. Fertility and Sterility 2019 122 20.33
endometrial receptivity
(Continued)
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TABLE 5 (Continued)

Title Author Source title Publication Total Average
year citations = per year
27 Uterine peristaltic activity and the development of Wildt L. Uterus human Reproduction 2004 120 5.71
endometriosis
28 Adenomyosis and infertility Benagiano G. Reproductive Biomedicine 2012 115 8.85
Online
29 The motile and invasive capacity of human Gellersen B. Human Reproduction Update 2013 113 9.42

endometrial stromal cells: implications for normal and

impaired reproductive function

30 Long-term pituitary downregulation before frozen Feng Y. Gynaecological Endocrinology 2013 104 8.67

embryo transfer could improve pregnancy outcomes

in women with adenomyosis
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FIGURE 7

Visualization network and timeline view of co-cited papers related to AM-associated infertility in the past 24 years. (A) The co-citation visualization
network of co-cited references. Each node delegates a review or article, and each frame delegates a cluster. The size of each node represents the
number of coreferences. The tags of the clusters also showed nearly the same frames. (B) The timeline view of co-cited references. The position of the
nodes on the horizontal axis indicates the time when the reference debuted, and the size of the nodes is positively correlated with the number of

paper citations. The lines between the nodes represent cocited relationships. This blue color indicates nearly 2000, while a darker yellow color
indicates almost 2024.
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FIGURE 8
Keywords of the distribution, co-occurrence network diagram, and word cloud cluster map. (A) The distribution of keywords: the green histogram
represents occurrences, and the orange histogram shows the total link strength. (B) The co-occurrence network of keywords; the minimum frequency
of occurrences of keywords >5. Node size and color represent the frequency of keywords and clusters, respectively. Lines of different colors show that
the two keywords appear in an article. (C—J) The word cloud cluster map of pathology and mechanisms, adverse pregnancy-associated factors,
urgical treatment, diagnosis, assisted reproduction treatment, infertility factors, quality of life, and medical treatment

the endometrium (54, 55). Consequently, p

rior research indicates

significant opportunities for further investigations into the

correlation between AM and infertility.

Although histopathological reports are considered the gold
standard for diagnosing AM, they can lead to diagnostic delays of up

to 12 years (56) and are not essential for

treating patients with

concurrent infertility. Instead, imaging techniques serve as the
primary diagnostic tools (5, 29). Some studies utilize trans-vaginal

ultrasound, while others employ MRI or

a combination of both

approaches, leading to potential inconsistencies in diagnostic
effectiveness (57, 58). The incidence of infertility linked to

Frontiers in Medicine

AM appears to be classification-dependent (59). Moreover,

underdiagnosis by less experienced practitioners
be discounted, as this may lead to the erroneous inclusion of women
with AM in control group, thereby potentially underestimating the
actual effect of AM on reproductive outcomes (34). Therefore, the
accuracy of diagnosing AM in the context of infertility remains
contentious. Further research is imperative to establish uniform
diagnostic criteria that clarify the definitive connection between
AM and infertility.

Regarding treatment options to improve pregnancy outcomes,
there are currently no harmonized international guidelines for

cannot
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. . .
Top 25 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 2000 - 2024
disease 2000 3.312000 2016
rapid sperm transport 2000 2.41 2000 2006
hormone agonist 2003 2.62003 2012
female genital tract 2004 3.582004 2008
magnetic resonance imaging 2006 2.362006 2011
junctional zone 2000 3.242007 2015
pregnancy 2009 4.47 2009 2019 e —
bowel resection 2009 2.57 2009 2017 T E——
fertility 2006 3.972011 2014
therapy 2012 2.312012 2015 ——
infertile women 2009 2.27 2012 2017 ——————
transvaginal ultrasound 2011 2.752014 2018 e —
adenomyosis 2000 3.232015 2016 m—
3 dimensional ultrasound 2016 2.542016 2018 e
ultrasound 2012 3.632017 2020 — —
stromal cell 2017 2942017 2018 e
surgical management 2017 2.352017 2018 A —
management 2009 2.642018 2018 ———
feature 2007 3.2822020 2022
uterine fibroid 2020 3.22020 2021 e
pathogenesis 2021 5.912022 2024 jp—
uterine volume 2022 2.632022 2024 —
cancer 2018 2492022 2024 —lE
expression 2002 2442022 2024 —
ivf 2017 2482023 2024 ——
FIGURE 9
Top 25 keywords with the most vigorous citation bursts. The blue line indicates the timeline, and the red sections indicate the burst duration, including
the start and end years.

managing patients with AM who wish to preserve fertility (60, 61).
Nonetheless, available evidence suggests that treatment can
positively effect on fertility outcomes (33). For instance, surgical
interventions have been shown to increase rates of natural
conception (36). Additionally, the use of danazol-loaded devices
yield a pregnancy rate of 41%, while GnRHa therapy results in a LBR
of 36.2%. Uterine artery embolization has an even higher LBR of
83.3% (35). Other studies report pregnancy rates of 60.5% following
complete excision and 46.9% after partial excision of AM (62). The
odds ratio of clinical pregnancy post-surgery is reported as 6.22 (CI
2.34-16.54) (37). Furthermore, variations in AM types demonstrate
different effects on fertility outcomes, focal AM is associated with a
pregnancy rate of 49.1%, compared to 38.5% for the diffuse AM, and
a miscarriage rate of 27.6% for focal AM versus 16.2% for the diffuse
AM (63).

However, Mijatovic et al. (64), noted no significant increase in
clinical pregnancy rates among infertile women with AM who had
previously undergone GnRH treatment (36). The overall
effectiveness of surgical treatment for AM affecting pregnancy rate
remains inconclusive, with a reported risk of uterine rupture
estimated at 6.0% (65). A systematic review further indicated that
treatments involving oral contraceptives, antiprostaglandins,
progestins, danazol, and GnRHa have not improved pregnancy
rates for women with AM planning to conceive. However, high-
intensity focused ultrasound and combination therapies before
ART may benefit these patients (5). Although existing research
confirms that pharmacological and surgical treatments for

Frontiers in Medicine

AM positively impact reproductive outcomes, including pregnancy
rates and LBR, the comparative effectiveness of different treatments
and the optimal timing for delaying pregnancy remain unclear.
Additionally, limited evidence on the correlation between
infertility and the severity and classification of AM may affect
pregnancy rate statistics (66). Therefore, developing standardized
protocols to address AM-related infertility is crucial, and the
efficacy of these therapeutic options must be validated through
prospective randomized controlled trials.

5 Limitations and superiority

To the best of our knowledge, our study is the first in-depth
scientometric analysis of AM-associated infertility. However, several
limitations need attention. First, the data were sourced solely from the
SCI-E database within the WoSCC, potentially omitting relevant
literature and causing a bias in research conclusions. Second, the use
of bibliometric software for author analysis does not currently allow
for the differentiation of author name abbreviations, which may lead
to inaccuracies. Additionally, bibliometric analysis based on machine
algorithms does not permit an in-depth exploration of individual
studies, possibly omitting some information. Moreover, as the review
focuses exclusively on studies addressing infertility in AM, there may
be a selection bias present. Finally, the lack of authoritative guidelines
for bibliometric analyses in medical research is a significant challenge
for academics who wish to gain a comprehensive and accessible
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FIGURE 10
Manual analysis and clustering of keywords. The blue histograms represent the frequency of keyword occurrences. (A) Pathogenesis. (B) Adverse
factors affecting pregnancy. (C) Treatment means. (D) Diagnosis methods. (E) Disease progressive progress. (F) In-vitro fertilization management.
(G) Infertility women. (H) Fertility management, respectively.

understanding of bibliometric methods and their application in

medical research.

However, the WoS is the most powerful search engine, and the

during the peri-implantation period offers direction and encourages
further exploration for focused collaboration between researchers

and clinicians.

WoSCC database contains extensive data on the theme of
AM-associated infertility. In addition, the WoS is the premier
research platform for biomedical and natural science, and the
world’s most trusted publisher with an independent global citation
database. Therefore, based on an adequate amount of data and the
correct scientometrics methods, the outcomes of this study are
convincing and may help accurately identify knowledge gaps,
research hotspots, and development trends in AM-associated
infertility. The perspectives presented here can guide the generation
of novel ideas for further in-depth investigations into AM-associated
infertility. Specifically, research on improving uterine receptivity

Frontiers in Medicine

6 Conclusion

trends and the current status of AM-associated infertility over the past

This study is the first to use bibliometric methods to detail global

20 years. The research highlights that international interest in this
complex field remains strong. Key topics include pathogenesis, factors
affecting pregnancy, treatment and diagnostic methods, disease
progression, and IVF management. Although chronic disease
management strategies, pharmacological treatments, and ART have
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improved fertility outcomes in AM patients, further collaboration
between researchers and clinicians is crucial to facilitate translational
clinical research. This study aids in identifying research hotspots and
fostering regional collaboration for a deeper understanding of the
AM-associated infertility landscape and its evolution.
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Background: Dysmenorrhea and menstrual disorders caused by endometriosis
(EM) and adenomyosis (AM) have significantly affected the quality of life of a
large number of women. As a highly effective clinical contraceptive measure,
etonogestrel implants have been previously reported to relieve dysmenorrhea.
However, the dysmenorrhea treatment and menstrual regulation effects of
etonogestrel implants in AM and EM patients have not been systematically
studied.

Methods: This retrospective study followed up 100 patients with etonogestrel
implants from May 2015 to October 2016, including 44 patients with EM and
56 patients with AM. The VAS scores of dysmenorrhea, menstrual volume,
and related adverse events were measured at 12, 24, and 36 months after
etonogestrel implantation in these patients.

Results: In 100 EM and AM patients, dysmenorrhea significantly improved, with
moderate and severe cases decreasing from 50 to 16 and 0% at 36 months.
Amenorrhea increased over time, and frequent bleeding declined. Adverse
reactions included weight gain (21%), acne (13%), and decreased sexual desire
(10%). Serum CA125 levels dropped, confirming therapeutic efficacy.

Conclusion: Etonogestrel implantation significantly alleviated dysmenorrhea
symptoms in AM and EM patients.

KEYWORDS

etonogestrel implants, endometriosis, adenomyosis, dysmenorrhea, women

Introduction

The presence of endometriosis (EM) and adenomyosis (AM) affects 10 to 15% of the
female population (1). Although AM and EM are not fatal, they are still the leading cause of
pelvic pain and subfertility, and the leading cause of gynecological hospitalizations (2).
AM and EM negatively affected women’s quality of life, work productivity, sexual relationships,
and self-esteem (3). AM and EM not only cause pelvic pain, dyspareunia, amenorrhea,
dysmenorrhea, and infertility, but also increase the risk of gynecologic malignancies (4, 5).
Women with AM and EM can be asymptomatic, and some EM and AM lesions may heal on
their own without diagnosis (6). Some patients with AM and EM can ultimately only
be accurately diagnosed by laparoscopy, laparotomy, or hysterectomy, resulting in an
immeasurable public health burden (7).
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Painful symptoms play a critical role in AM and EM, serving not
only as major clinical manifestations but also as key indicators for
diagnosis and treatment evaluation (PMID: 34205040). Symptoms
such as dysmenorrhea, chronic pelvic pain, dyspareunia, and cyclical
or persistent abdominal pain significantly impact patients’ quality of
well-being  (8).
Dysmenorrhea, in particular, is one of the most common symptoms

life, work productivity, and psychological
and often the primary reason for patients seeking medical attention (9).
The occurrence of pain is primarily associated with abnormal uterine
smooth muscle contractions, proliferation of nerve fibers, and localized
inflammatory responses (10). Moreover, the severity of pain is often
unrelated to the extent or depth of the lesions, making its management
particularly challenging (11). Given the profound impact of pain on
patients’ lives, investigating effective strategies to alleviate pain
symptoms in AM and EM is of significant clinical importance, which
is a central focus of this study on the efficacy of etonogestrel implants.

As an estrogen-dependent disease, AM (with or without EM) is
sensitive to hormone-related drugs (12). Drug treatments for AM and
EM include a range of options, such as oral contraceptive pills, oral
progestin-only therapy, the levonorgestrel intrauterine system (Mirena),
gestrinone, danazol, and gonadotropin-releasing hormone agonists
(GnRH-a) (13). These therapies, however, are often associated with
limitations, including long treatment durations, high recurrence rates
after discontinuation, and various adverse effects, which can reduce
patient tolerance and compliance (14). Etonogestrel implants have been
widely used in clinical contraception with a 1-year unintended
pregnancy rate of 0-0.5%. In clinical application, many patients with
primary and secondary dysmenorrhea have been found to have
significant relief of dysmenorrhea after placement of etonogestrel
implants (15). Etonogestrel implants are very useful for patients with
AM and EM who resist surgery or who still have unbearable menstrual
cramps after surgery (16). Most patients with EM and AM still need
contraception (17). Choosing a drug that is both contraceptive and
relieving dysmenorrhea would be of greater benefit to the vast majority
of women with EM and AM. In this study, we hypothesized that
etonogestrel implants could effectively relieve dysmenorrhea in AM and
EM patients. CA125 is a high-molecular-weight glycoprotein and a
membrane antigen found on the surface of endometriotic lesion cells.
Studies have shown that ectopic endometrial tissue has a robust ability
to synthesize and secrete CA125, up to four times higher than normal
endometrial tissue (18). Adenomyosis can lead to elevated serum CA125
levels due to secretion by ectopic endometrial tissue (19). Therefore, in
this study, CA125 was used as an indicator for evaluating EM and AM,
indirectly reflecting the activity and functional changes in EM and
AM before and after different treatments. We hope our research will lead
to further applications of etonogestrel implants in AM and EM therapy.

Methods
Study design

This study is a follow-up observational study conducted from May
2015 to October 2016 on AM and EM patients who had etonogestrel

Abbreviations: EM, endometriosis; AM, adenomyosis; VAS, Visual analogue scale;

GnRH-a, gonadotropin-releasing hormone agonist.
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implants placed. From May 2015 to October 2016, 400 contraceptive
patients who requested contraception and were placed etonogestrel
implants in Hangzhou Obstetrics and Gynecology Hospital and
Hangzhou Linan District Maternal and Child Health Hospital
outpatient clinic were analyzed. One hundred patients diagnosed with
EM and AM by clinical symptoms, signs, transvaginal color Doppler
ultrasonography, and serum CA125 levels were selected as the
research subjects. There were 44 EM patients and 56 AM patients. 11
cases of etonogestrel implants were taken out after 12 months, and the
continuation rate in 12 months was 89.0%. Between 13 and 24 months,
an additional 10 patients had the implants removed. Therefore, a total
of 21 removals occurred over the 0-24-month period, leading to a
continuation rate of 79.0% at 24 months. One case was taken out in
the third year. The main reasons for removal were bleeding or
amenorrhea, weight gain, planning to become pregnant, etc. The
relevant details and research process were shown in Figure 1.

Diagnosis criteria

Patients in this study were diagnosed with AM or EM prior to the
placement of etonogestrel implants, based on clinical symptoms, signs,
transvaginal color Doppler ultrasonography, and serum CA125 levels.
The diagnostic criteria followed the 2015 Guidelines for the Diagnosis
and Treatment of Endometriosis issued by the Endometriosis
Collaboration Group of the Obstetrics and Gynecology Branch of the
Chinese Medical Association.

Diagnostic criteria for EM

Clinical Symptoms and Signs: Pelvic pain, infertility, and
menstrual irregularities. Imaging: Transvaginal ultrasound is valuable
for diagnosing ovarian endometriotic cysts, typically presenting as
anechoic regions with dense internal echoes. Transvaginal or rectal
ultrasound, CT, and MRI are useful for identifying deep infiltrating
lesions in the rectum or rectovaginal septum. Laparoscopy: The gold
standard for diagnosis, allowing direct observation of lesion
morphology. Examination should include detailed assessment of the
pelvic cavity, particularly the uterosacral ligament and ovarian fossa.
Histopathology confirming endometrial glands and stroma, along
with inflammatory responses and fibrosis, is required for definitive
diagnosis. Serum CA125: Elevated CA125 levels are more commonly
associated with severe EM, significant pelvic inflammation, ruptured
ovarian endometriotic cysts, or coexisting adenomyosis. It is not
useful for early-stage EM diagnosis. Cystoscopy or Colonoscopy:
Indicated for suspected bladder or intestinal EM to exclude
malignancy, with biopsy confirmation rates of 10-15%.

Diagnostic criteria for AM

Symptoms and Pelvic Examination: Suggestive findings include
an enlarged uterus with a firm, irregular shape. Imaging: Ultrasound:
Shows uterine enlargement and thickened myometrium, often more
pronounced posteriorly. Echogenic spots or streaks within the lesion
may be seen, with indistinct boundaries. MRI: Identifies low-signal-
intensity lesions on T1-weighted images and high-signal-intensity
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Women received etonogestrel
implants for long-term reversible
contraception (n =400)
Excluded (n = 300):
Did not meet inclusion criteria
(n = 248),
Declined to participate (n = 52).
Women with Endometriosis (EM, n =
44) and Adenomyosis (AM, n = 56)
were included

Cumulative termination during 0-12 months (n = 11):

Bleeding: EM (n = 1) and AM (n = 6);

Amenorrhea: EM (n =1)and AM (n = 1);

Weight gain: EM (n = 1);

Planned pregnancy: EM (n = 1).

Cumulative termination during 13-24 months (n = 10):

Bleeding: AM (n = 6);

Amenorrhea: EM (n = 3);

Others: EM (n = 1).

I
Cumulative termination during 25-36 months (n = 1):
Planned pregnancy: EM (n = 1).
[ Analysis
FIGURE 1
The flow chart diagram of this study.

lesions on T2-weighted images. The junctional zone thickness
exceeding 12 mm is a key indicator. Serum CA125: Elevated in most
cases. Pathology: Histopathological confirmation is definitive.

Participants

Inclusion criteria: Patients who visited Hangzhou Obstetrics and
Gynecology Hospital and Hangzhou Linan District Maternal and
Child Health Hospital outpatient clinic; patients who were placed
etonogestrel implants for contraception; patients were diagnosed as
AM or EM before surgery based on clinical symptoms, signs,
transvaginal color Doppler ultrasound, or serum CA125 level.

Exclusion criteria: patients with abnormal vaginal bleeding;
patients diagnosed with malignant tumors of uterine origin or
precancerous lesions through diagnostic curettage or cervical biopsy.

All patients were followed up 12 months, 24 months, and 36 months
after placement of etonogestrel implants. Telephone, outpatient
follow-up and other methods were used to follow up patients.
Designated staff responsible for conducting follow-up reviews and

Frontiers in Medicine

recording data were responsible for reviewing and recording. These tasks
include assessing the severity of dysmenorrhea, evaluating menstrual
conditions (through menstrual card analysis), documenting other
adverse reactions and reasons for implant removal, as well as measuring
serum CA125 concentrations. The mentioned activities are part of the
routine evaluations performed during patients’ regular follow-up visits.

Etonogestrel implants

The etonogestrel implant used in this study (produced by Organon,
the Netherlands, trade name Ebanon, contains 68 mg of etonogestrel,
production batch number: 211587/294559) has an effective duration
of 3 years. The patients underwent gynecological examination and
breast examination before etonogestrel placement, and their blood
routine, blood biochemistry, and coagulation function were normal.
Cervical cytology examination was used to rule out contraindications
to the placement of etonogestrel. The operating doctor explained to the
patient in detail the possible adverse reactions and precautions after
etonogestrel implantation. Patients signed informed consent. On the
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Ist to 5th day of menstruation, the etonogestrel implant was placed by
a trained and qualified surgeon and the etonogestrel implant special
placer was used during the placement operation.

Dysmenorrhea score

Pain scores were recorded by the VAS pain scale during each
patient’s menstrual period. 0 points for no pain, 1-3 points for mild
pain, 4-6 points for moderate pain, and 7-10 points for severe pain.

Menstrual bleeding

Patients were asked to assess changes in menstrual bleeding
patterns between the two surveys at each survey. Amenorrhea: No
bleeding. Infrequent bleeding: 1-2 episodes of bleeding and/or
spotting, frequent bleeding: >5 bleeds, regular bleeding: 3-5 bleeds
and/or spotting, prolonged bleeding: >14 days continuous bleeding
and spotting, and spotting: spotting alone.

Statistical analysis

Data analysis was performed with SPSS 20.0 statistical software.
Normal distribution is expressed as mean + standard deviation. Prior
to conducting the comparative analysis, a Kolmogorov-Smirnov test
was performed to evaluate the normality of the data distribution. The
results demonstrated that the data did not conform to a normal
distribution. Consequently, the Friedman test, followed by Dunn’s
multiple comparisons test, was employed for the comparative analysis.

Results

Characteristics of the women with EM and
AM

This study included 100 patients with preoperative diagnosis of EM
and AM by clinical symptoms, signs, transvaginal color Doppler
ultrasonography, and serum CA125 level detection. There were 44 EM
patients and 56 AM patients. As shown in Table 1, the age of these patients
was 2045 years (33.81 + 5.24), the pregnancies were 0-9 with an average
of 2.8, and the parity was 0-3 with an average of 1.2. The patients were all
married and had no reproductive requirements at present, and required
contraception. Among the 100 study subjects, 34 patients had severe
dysmenorrhea before placement, and needed to take painkillers or
intramuscular analgesics for pain relief. There were 12 patients with
AM who had been treated with Mirena before placement, and
etonogestrel implants were placed after the device moved down or fell off.

Alleviation of dysmenorrhea among
women with EM and AM post etonogestrel
implants

An analysis of the dysmenorrhea of the patients was presented in
Table 2. Among the 100 patients, 81 had dysmenorrhea and 19 had no
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TABLE 1 Characteristics of the women with endometriosis (EM, n = 44)
and adenomyosis (AM, n = 56) who received etonogestrel implants for
long-term reversible contraception.

Number of patients ‘ 100
Age at consent for implantation (years) 33.81+5.24
BMI (kg/cm?) 24.73 £4.92
Gravidity (1, %)

0 2 (2%)

1 9 (9%)

2 36 (36%)

>3 53 (53%)
Parity (n, %)

0 7 (7%)

1 46 (46%)

2 34 (34%)

3 13 (13%)
Marriage (1, %)

Yes 100 (100%)

No 0 (0%)
Previous contraception methods

No contraception control 14 (14%)

Intrauterine device 22 (22%)

Condom 43 (43%)

Oral contraceptive 9 (9%)

Mirena 12 (12%)

BMI: body mass index. Values were expressed as n (percentage, %) or mean + SD.

dysmenorrhea. The dysmenorrhea was significantly relieved
12 months, 24 months, and 36 months after etonogestrel placement.
Sixteen (16%) patients had moderate dysmenorrhea and 34 (34%)
patients had severe dysmenorrhea before implantation of the
etonogestrel. The proportion of patients without dysmenorrhea at
12 months, 24 months, and 36 months after operation continued to
increase, and the proportion of moderate to severe dysmenorrhea
continued to decrease, and the difference was statistically significant
compared with preoperative ones. These data suggested that
etonogestrel relieved or eliminated

implants  significantly

dysmenorrhea symptoms quickly and lastingly.

Bleeding patterns among women with EM
and AM post etonogestrel implants

The menstrual bleeding patterns of EM and AM patients at 12, 24,
and 36 months after etonogestrel implants were analyzed and
summarized in Table 3. Menstrual bleeding was significantly lower in
patients 12 months after etonogestrel implants compared to baseline
levels. Consistently, the number of amenorrhea patients with
etonogestrel implants increased significantly after 24 and 36 months,
and the number of patients with frequent or prolonged bleeding
decreased significantly. These data demonstrated that etonogestrel
implants could significantly reduce menstrual flow in AM and
EM patients.
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TABLE 2 Improvement of dysmenorrhea among women with endometriosis and adenomyosis who received etonogestrel implants for long-term

reversible contraception.

Time point No pain Mild Moderate NEYEIE p value
Baseline (1 = 100) 19 (19%) 16 (16%) 31 (31%) 34 (34%) /

12 months (1 = 89) 31 (34.8%) 20 (22.5%) 22 (24.7%) 16 (18.0%) 0.013*
24 months (n = 79) 37 (46.8%) 22 (27.8%) 17 (21.5%) 3(3.8%) 0.022*
36 months (1 = 78) 53 (67.9%) 16 (20.5%) 9 (11.5%) 0 (0%) 0.026°

Values were expressed as n (percentage, %). p value was derived from Chi-square test. *Compared to baseline, “compared to 12 months, *compared to 24 months.

TABLE 3 Changes in bleeding patterns among women with endometriosis and adenomyosis who received etonogestrel implants for long-term

reversible contraception.

Time point Amenorrhea Infrequent

bleeding

Regular
bleeding

Frequent
bleeding

Prolonged
bleeding

p value

Baseline (n = 100) 7 (7%) 12 (12%) 19 (19%) 29 (29%) 33 (33%)

12 months (1 = 89) 18 (20.2%) 21 (23.6%) 21 (23.6%) 20 (22.5%) 9 (10.1%) 0.000%
24 months (n = 79) 23 (29.1%) 29 (36.7%) 17 (21.5%) 8 (10.1%) 2(2.5%) 0.023*
36 months (n = 78) 27 (34.6%) 32 (41.1%) 16 (20.5%) 3(3.8%) 0 (0%) 0.312°

Values were expressed as n (percentage, %). p value was derived from Chi-square test. *Compared to baseline, ‘compared to 12 months, *compared to 24 months.

Adverse reactions in patients post
etonogestrel implants

During the three-year follow-up period, the adverse reaction
statistics of the patients were shown in Table 4. The main adverse
reactions were weight gain in 21 cases (21%), acne in 13 cases (13.0%),
breast tenderness in 9 cases (9%), abdominal pain in 6 cases (6%),
mood changes in 4 cases (4%), sexual desire Decreased in 10 cases
(10%), sleep disorder in 4 cases (4%), pigmentation in 2 cases (2.0%),
etc. After placing etonogestrel implants in 100 patients with EM and
AM, the dysmenorrhea of the patients was significantly relieved or
even disappeared, and the menstrual flow was significantly reduced,
suggesting that etonogestrel implants had a significant effect on the
treatment of EM and AM.

Changes in VAS scores and serum CA125 in
AM and EM patients

VAS scores and changes in serum CA125 for all patients (n = 78)
at the end of the three-year follow-up endpoint are shown in Figure 2.
As shown in Figure 2A, the VAS of patients with dysmenorrhea
decreases year by year, which further confirms that the patient’s
dysmenorrhea was significantly relieved or even disappeared after
placing etonogestrel implants in the previously reported data. In
addition, the serum CA125 level of etonogestrel implants in AM and
EM patients also gradually decreased, suggesting the therapeutic effect
of etonogestrel implants in AM and EM (Figure 2B).

Discussion

The purpose of this study was to investigate the clinical efficacy
and adverse effects of etonogestrel implants for the relief of
dysmenorrhea in patients with EM and AM (20). EM and AM are
common diseases in obstetrics and gynecology, with an incidence of
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2-48% (21). In recent years, the incidence of EM and AM has increased
significantly. EM and AM are generally seen in women of reproductive
age, and are more common in women aged 25-45. About 15-40% of
AM patients have EM (22). Women with EM or AM are often
accompanied by dysmenorrhea and increased menstrual bleeding,
which seriously affects their quality of life and future fertility (23). The
main causes of dysmenorrhea and miscarriage caused by AM and EM
are endocrine dysfunction, decreased endometrial receptivity and
immune factors (24). In addition, AM leads to impaired uterine spiral
arterial remodeling and structural dysfunction of the uterine junction
zone, which increases the reproductive risk in women (25). At present,
hysterectomy is the accepted cure for AM. Although surgical treatment
is straightforward, the subsequent loss of fertility, early perimenopausal
symptoms, and pelvic floor dysfunction have a serious impact on the
psychological and physical health of patients (26). Drug therapy for
AM and EM mainly includes levonorgestrel intrauterine sustained-
release system (Mirena), gestrinone, danazol, and gonadotropin-
releasing hormone agonist (GnRH-a), etc. (27). However, EM and
AM have a high recurrence rate after drug treatment.

Etonogestrel implants have been widely used in clinical
contraception since it was approved by the U.SS. Food and Drug
Administration (FDA) in 2006 (28). The 1-year unintended pregnancy
rate of etonogestrel implants is less than 0.5%, which is close to
sterilization (29). In addition to the exact contraceptive effect,
etonogestrel implants also have the advantages of high efficiency, good
tolerance, fewer symptoms of estrogen deficiency, and quick recovery
of fertility after removal (30). In clinical applications, etonogestrel
implants have been found to be significantly relieved by etonogestrel
implants in many patients with primary and secondary dysmenorrhea
after placement, which is very valuable for patients with AM and EM
who resist hysterectomy (31). Etonogestrel implants are thus a valuable
supplemental treatment modality in some AM patients with EM who
may still have unbearable dysmenorrhea after hysterectomy. The
mechanism of action of etonogestrel implants for clinical
contraception is the inhibition of ovulation. It can also induce
endometrial atrophy, reduce menstrual flow, or even cause
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amenorrhea, and thus relieve dysmenorrhea (31). EM and AM are
common and intractable diseases in women of reproductive age. At
the same time, most patients with EM and AM still need contraception
due to their poor intrauterine structure (32). Choosing a clinical
strategy for both contraception and the treatment of dysmenorrhea
will bring greater benefits to the majority of women with EM and AM.

This study followed up 100 patients with etonogestrel
implants between May 2015 and October 2016, including 44
patients with EM and 56 patients with AM. We investigated the
VAS score of dysmenorrhea, menstrual volume and related
adverse reactions in patients with EM and AM after etonogestrel
implantation at 12, 24, and 36 months. We found that in 19
patients with dysmenorrhea, dysmenorrhea was significantly
relieved at 12, 24, and 36 months after the placement of
etonogestrel implants. In addition, the statistics show that
etonogestrel implants can significantly reduce menstrual
bleeding. In this study, 22 patients had etonogestrel implants
removed, of which 13 were removed due to vaginal bleeding,
accounting for 59.09%. The main presentation in these patients
was irregular bleeding and spotting after placement of
etonogestrel implants. Vaginal spot bleeding is a very tricky

TABLE 4 Adverse reactions among women with endometriosis and
adenomyosis who received etonogestrel implants for long-term
reversible contraception.

Number of patients ‘ 100
Weight gain 21 (21%)
Acen 13 (13%)
Breast pain 9 (9%)
Abdominal pain 6 (%)
Emotional lability 4 (4%)
Hypaphrodisia 10 (10%)
Sleep disorders 4 (4%)
Skin pigmentation 2 (2%)

Values were expressed as n (percentage, %).

10.3389/fmed.2025.1460578

problem in the use of etonogestrel implants (33). There is no
proper solution yet, but the amount of bleeding is very small.
Generally, no special treatment is required, and it does not affect
daily life of the patients. Vaginal bleeding from etonogestrel
implants is more likely to be accepted by patients after adequate
counseling and explanation. Other adverse reactions of
etonogestrel implants are mainly weight gain, acne, breast
tenderness, mood changes, loss of libido, etc. However, these
adverse reactions did not affect the continuation rate of
etonogestrel implants. By analyzing the data in this study,
we believe that etonogestrel implants are characterized by easy
placement and long duration of treatment. The use of etonogestrel
implants overcomes the characteristics of long-term oral
tolerance or poor compliance of traditional dysmenorrhea drugs
and frequent recurrence after drug withdrawal. Etonogestrel
implants have few systemic adverse reactions and a good
contraceptive effect. In addition, we also analyzed the CA125
levels in different time points of the two groups of patients. Since
CA125 is abundantly present on the cell membrane surface of
metaplastic epithelial tissues and can indirectly reflect the activity
and function of ectopic endometrial tissue, it serves as a valuable
indicator for observing EM and AM. It can indirectly reflect the
effects of different treatments and pre- and post-treatment
changes on the activity and function of EM and AM. Therefore,
we believe that etonogestrel implants are a feasible way to treat
dysmenorrhea in patients with EM and AM.

This study has several limitations. Its retrospective design
introduces potential recall and selection biases, especially as 22
patients with incomplete data were excluded. The small sample size
and lack of a control group limit the generalizability and comparability
of the findings, while reliance on subjective outcome measures, such
as VAS scores and self-reported bleeding patterns, may introduce
reporting bias. Additionally, the study was conducted in a single
center, which may reduce its broader applicability. Adverse reactions
were assessed only over the three-year follow-up, leaving long-term
safety and efficacy unaddressed. Serum CA125, used as a marker of
disease activity, may have limited specificity, and the study did not
evaluate the impact of etonogestrel implants on fertility, a key concern

FIGURE 2

comparisons test.

Changes in visual analogue scale (VAS) scores (A) and serum cancer antigen 125 (CA125) (B) among women with Endometriosis and Adenomyosis who
received etonogestrel implants for long-term reversible contraception. N =

B 250
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78. p values were acquired from Friedman test followed by Dunn’s multiple
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for many patients with EM and AM. Lastly, while the follow-up period
was sufficient to observe medium-term effects, it does not provide
insight into the long-term sustainability of the treatment benefits.

Conclusion

In conclusion, we analyzed the therapeutic effect of etonogestrel
implants on dysmenorrhea and irregular menstruation in AM and
EM patients and its adverse effects in this study. We show that
etonogestrel implants can significantly relieve dysmenorrhea and
reduce menstrual bleeding in AM and EM patients. The main
adverse effects of etonogestrel implants are irregular bleeding and
spotting after placement, which are acceptable in most patients.
We believe our study provides possible therapeutic options for the
management of dysmenorrhea and menstrual irregularities in
AM and EM patients with contraceptive needs.
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