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Abstract

Endometriosis is a chronic gynecological disorder, defined by the presence of endometrial
tissue outside the uterine cavity, which undergoes the same cyclic changes of eutopic endometrium.
The prevalence of the disease can reach about 10% of reproductive-age women, who present with
chronic pelvic pain and/or infertility, leading to negative physical and psychological impact in
patient’s lives. The pathogenesis involves several hormonal, inflammatory, immune, genetic, and
epigenetic mechanisms, which may play a role in the establishment and progression of
endometriotic lesions and their clinical manifestations.

In the last years, a possible link between high levels of chronic stress and endometriosis has
been hypothesized. Clinical evidence shows that patients with endometriosis report higher levels of
perceived stress, anxiety, and depression than healthy women. Stress levels are positively correlated
to the severity of the disease and pain intensity. Women with endometriosis, in fact, report impaired
quality of life and they are more likely to be affected also by systemic and gynecological
comorbidities, contributing to stress in a vicious circle. A high prevalence of immune,
inflammatory, allergic and mental health diseases has been found and a strict link with adenomyosis
has been shown. Moreover, experimental studies have shown that previous exposure to repeated
and excessive stress accelerates the development and increases the severity of endometriosis in
animal models and early life stressor contribute to the development of the disease in adult life.
However, it is still debatable whether endometriosis is a cause and/or a consequence of stress and
which mechanisms explain this relationship.

An adequate management of endometriosis contribute to improve quality of life, reducing
stress levels. It has been shown that among women surgically treated, those with worse quality of
life had first surgery at a younger age, more symptoms recurrence and more reoperations. Thus, first
endometriosis surgery at a later age is an independent predictor of better health condition.
Furthermore, patients experiencing repetitive surgery for endometriosis recurrences have lower
physical and mental scores than patients receiving a single surgical treatment. Women undergoing
hormonal treatment both before and after surgery have a lower rate of recurrence and an
improvement of clinical presentation, in terms of pain symptoms. Thus, hormonal treatments
represent a valid cornerstone of endometriosis management and may be useful as a first-line
therapeutic approach, in order to postpone surgery, and after surgery itself to reduce the risk of
recurrence. The gold standard for modern endometriosis management is the individualized
approach, aiming to reduce perceived stress, stress-related comorbidities and to improve quality of
life.






Table of content

1. Introduction
2. Endometriosis
2.1 Definition and epidemiology
2.2 Pathogenetic mechanisms

2.3 Clinical presentation: pain and infertility

2.3.1 Endometriosis-associated pain: peripheral and central changes.........

2.4 The diagnostic challenge of endometriosis

2.5 The need for a long term management plan
3. Endometriosis and stress

3.1 Stress and the stress mechanisms response

3.2 HPA axis in endometriosis

3.4 The impact of stress in endometriosis onset and development
4. Endometriosis and impact on women’s health
4.1 Endometriosis and systemic comorbidities
4.1.1 Research study 1
Comorbidities and quality of life in women undergoing first surgery for
endometriosis: differences between Chinese and Italian population
4.2 Endometriosis and gynecological comorbidities
4.2.1 Research study 2
Ultrasound findings in infertile women with endometriosis:
evidence of concomitant uterine disorders
4.3 Endometriosis and quality of life
4.3.1 Surgical treatment

4.3.1.1 Research study 3

Surgical treatment of endometriosis: prognostic factors for better quality of life

4.3.2 Medical treatment
4.3.2.1 Research study 4

Long-term hormonal treatment reduces repetitive surgery for endometriosis

recurrence

5. References



1. Introduction

Endometriosis is a chronic gynecological disorder, defined by the presence of endometrial
tissue outside the uterine cavity, which undergoes the same cyclic changes of eutopic endometrium.
The prevalence of the disease can reach about 10% of reproductive-age women, who present with
chronic pelvic pain and/or infertility, leading to negative physical and psychological impact in
patient’s lives. The pathogenesis involves several hormonal, inflammatory, immune, genetic, and
epigenetic mechanisms, which may play a role in the establishment and progression of
endometriotic lesions and their clinical manifestations.

In the last years, a possible link between high levels of chronic stress and endometriosis has
been hypothesized. Clinical evidence shows that patients with endometriosis report higher levels of
perceived stress, anxiety, and depression than healthy women. Stress levels are positively correlated
to the severity of the disease and pain intensity. Women with endometriosis, in fact, report impaired
quality of life and they are more likely to be affected also by systemic and gynecological
comorbidities, contributing to stress in a vicious circle. A high prevalence of immune,
inflammatory, allergic and mental health diseases has been found and a strict link with adenomyosis
has been shown. Moreover, experimental studies have shown that previous exposure to repeated
and excessive stress accelerates the development and increases the severity of endometriosis in
animal models and early life stressor contribute to the development of the disease in adult life.
However, it is still debatable whether endometriosis is a cause and/or a consequence of stress and
which mechanisms explain this relationship.

An adequate management of endometriosis contribute to improve quality of life, reducing
stress levels. It has been shown that among women surgically treated, those with worse quality of
life had first surgery at a younger age, more symptoms recurrence and more reoperations. Thus, first
endometriosis surgery at a later age is an independent predictor of better health condition.
Furthermore, patients experiencing repetitive surgery for endometriosis recurrences have lower
physical and mental scores than patients receiving a single surgical treatment. Women undergoing
hormonal treatment both before and after surgery have a lower rate of recurrence and an
improvement of clinical presentation, in terms of pain symptoms. Thus, hormonal treatments
represent a valid cornerstone of endometriosis management and may be useful as a first-line
therapeutic approach, in order to postpone surgery, and after surgery itself to reduce the risk of
recurrence. The gold standard for modern endometriosis management is the individualized
approach, aiming to reduce perceived stress, stress-related comorbidities and to improve quality of

life.



2. Endometriosis

2.1. Definition and epidemiology

Endometriosis is a chronic disease characterized by the presence of endometrium-like tissue
outside the uterine cavity, usually affecting women of reproductive age, typically between 25 and
35 years (Chapron et al., 2019). Endometriosis is estimated to affect 10% of reproductive-age
women, however the true prevalence is uncertain, because estimates vary widely among population
samples and diagnostic approaches (Zondervan, Becker, Koga, Missmer, Taylor, and Vigano,
2018). The prevalence ranges from 2 to 11% among asymptomatic women, 30-50% among infertile
women, and 5 to 21% among women hospitalized for pelvic pain, representing around 176 million
women affected worldwide (Buck Louis er al, 2011). Among symptomatic adolescents, it is
estimated to reach the 49% for those with chronic pelvic pain and 75% for those with pain that is
unresponsive to medical treatment (Janssen et al., 2013).

Endometriosis is a heterogeneous disease with three well- recognized phenotypes:
superficial peritoneal endometriosis (SUP), ovarian endometriomas (OMA) and deep infiltrating
endometriosis (DIE). In SUP, the least severe form, superficial endometrial lesions occur on the
peritoneum, whereas OMA are cystic masses that arise from ectopic endometrial tissue growing
within the ovary. DIE phenotype, the most severe, develops deeper than 5 mm under the peritoneal
surface (such as the uterosacral ligaments) or infiltrates the muscularis propria of the pelvic organs
such as bladder, bowel and ureters (Chapron et al., 2019) (Figure 1). In addition, endometriosis can
occur also in extragenital locations, as pleural, diaphragmatic or umbilical (Chamié et al., 2018). In
30% of cases endometriosis is associated to adenomyosis, defined as the infiltration by endometrial
stroma and glands into the myometrium. By itself, adenomyosis contributes to pain and infertility
commonly observed in endometriosis, and it is specifically characterized by heavy menstrual
bleeding (HMB) (Chapron et al., 2020).

The most common presentations of endometriosis include pelvic pain, which involves deep
dyspareunia, dysmenorrhea, and noncyclic pain; infertility; dysuria and dyschezia. Unfortunately,
these symptoms are not specific to endometriosis and may be signs of other gynecological or non-
gynecological conditions, leading to misdiagnosis or significant delay in endometriosis
identification (Agarwal et al., 2019). Such painful symptoms may significantly impair physical,
mental, and social well-being (De Graaff et al., 2013); and infertility itself may cause psychological
stress, low self-esteem, and depression, reducing quality of life (QoL) (Marinho et al., 2018).

Furthermore, endometriosis causes a relevant social and economic burden, comparable to other



chronic conditions such as diabetes, Crohn’s disease, and rheumatoid arthritis (Soliman et al.,

2016).
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Figure 1. Pelvic endometriosis localizations.

2.2. Pathogenetic mechanisms

Endometriosis is an estrogen-dependent and inflammatory disease (Reis et al., 2013),
characterized by progesterone resistance (Reis, Coutinho, Vannuccini, Batteux, et al., 2020). The
exact pathophysiology of endometriosis is still unknown. The main hypotheses of the mechanisms
implicated in the ectopic location of endometrial cells include retrograde menstruation, coelomic
metaplasia, vascular and lymphatic metastatic spread.

The most accepted theory is the retrograde menstruation, according to which menstrual
endometrial fragments migrate through the fallopian tubes to the peritoneal cavity, where they are
able to implant, develop and sometimes invade other tissues of the pelvis. However, this
phenomenon is physiologically observed, thus there are other implicated factors to facilitate this
mechanisms. A number of other factors contribute to promote cell survival, proliferation and lesion
formation and maintenance, including impaired immunity, neuroangiogenesis, hormonal influences
and genetic/epigenetic factors (Patel et al., 2018) (Figure 2). Furthermore, pre-existing endometrial
abnormalities might also promote the implantation and growth of pathological endometrial

fragments outside the uterine cavity, such as local hyperestrogenism, increased estrogen receptors



activity, progesterone resistance and aromatase overexpression), endometrial neoangiogenesis and
a proinflammatory profile in endometrial tissue (Benagiano ef al., 2014; Burney and Giudice, 2012;
Han and O’Malley, 2014).

The theory that endometriosis arises from cells transdifferentiation from the mesothelium
and this process involves reprogramming of multipotent mesenchymal stem cells and support the
localization of ectopic endometrial cells at unusual extragenital sites. The same rationale support the
theory of lymphatic and vascular dissemination, where endometrial cells are transported through
lymphatic channels and veins to colonize distant ectopic sites (Zondervan, Becker, Koga, Missmer,
Taylor, and Vigano, 2018).

After migration to ectopic locations, ectopic lesions attach, penetrate and invade: the
microenvironment plays a major role to determine maintenance and growth of lesions.
Endometriotic lesions undergo cyclic bleeding with repeated tissue injury and repair (Leyendecker
et al., 2015), local inflammation, angiogenesis (Filippi et al., 2016) and neurogenesis (Gori et al.,
2016). A subsequent cascade of events involving epithelial-mesenchymal transition and fibroblast—
myofibroblast transdifferentiation contributes to collagen production and fibrogenesis (Guo, 2018),

with entrapment of nerve fibers. This, together with chronic inflammation, worsens pain symptoms.
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Figure 2. Endometriosis pathogenesis: mechanisms implicated in onset, development and progression of endometriosis

lesions



2.3.  Clinical presentation: pain and infertility

Endometriosis is a heterogeneous disease also in clinical presentation, as the degree of
anatomical involvement does not necessarily correlate to the severity of pelvic pain . Therefore, the
stage of endometriosis as classified by the revised American Society for Reproductive Medicine (r-
ASRM) is not a good predictor of symptom severity. However, common symptoms include
dysmenorrhea and non-menstrual pelvic pain, which can develop into chronic pelvic pain (CPP)
(Agarwal et al., 2019). Pelvic pain is insufficient alone as an indicator of endometriosis, as it is
associated to a wide variety of gynecological and non-gynecological conditions. In case pain is
describe as cyclic, persistent or progressive in menstrual and non-menstrual phase, with a relevant
impact on daily life, the likelihood of endometriosis increases dramatically (DiVasta et al., 2018).
In some cases, women with endometriosis may remain completely asymptomatic and the diagnosis
can be incidentally made during an ultrasound or magnetic resonance exam or during surgery for
other reasons. Women with endometriosis are more likely to report also dyspareunia, dyschezia, and
dysuria, which usually denote an association with DIE lesions (Fauconnier and Chapron, 2005;
Schliep et al., 2015). Although the sensitivity of dyspareunia is generally low, deep dyspareunia is
commonly observed in deep locations. Women also frequently report considerable effects on their
bowel habits, including alternating constipation and diarrhea, painful emptying of their bowels or
blood in the stool (in particular perimenstrually) (Ballard et al., 2010; Schliep et al., 2015). Some
women experience recurrent painful urination (dysuria) and/or cyclical blood in the urine
(macrohaematuria) and symptomatology related to interstitial cystitis/bladder pain syndrome, which
can be associated with endometriosis (Chung et al., 2005). Chest and shoulder pain should be
considered suspecting diaphragmatic endometriosis (Redwine, 2002), whereas endometriosis in the
ileo-caecal or peri-appendiceal region has been significantly associated to abdominal pain, nausea,
vomiting and diarrhea (Fedele et al., 2014). Another frequently present, but often neglected,
symptom in women with endometriosis is chronic fatigue, although the exact mechanism remains
not fully understood (Alvarez-Salvago et al., 2020).

Another indicator of endometriosis is the response of pain to treatment: from one hand a non-
responsive pain to nonsteroidal anti-inflammatory drugs (NSAIDs) should support the suspect of
disease, but on the other hand caution is indicated before dismissing NSAID-responsive pain as
simply dysmenorrhea (Treatment of pelvic pain associated with endometriosis: A committee
opinion, 2014).

Endometriosis is clearly associated with infertility, yet a diagnosis of endometriosis does not

always imply infertility. Approximately 30-50% of women with endometriosis have fertility



problems; in parallel, endometriosis is identified in approximately 30% of women in infertile
couples (Tomassetti and D’Hooghe, 2018). The disease adversely affects fertility by different
mechanisms acting at the level of the pelvic cavity, the ovaries and the uterus (Tanbo and
Fedorcsak, 2017). In endometriosis the pelvic cavity becomes an hostile environment because of
chronic inflammatory changes in the peritoneal fluid affecting egg quality, folliculogenesis, and
luteal function, proliferation of macrophages and phagocytic dysfunction and release of
proinflammatory and angiogenic factors. Changes in peritoneal fluid and the distortion of normal
anatomy of the fallopian tubes hindering tubo-ovarian contact may affect sperm-oocyte interaction
Furthermore, ovaries may present with functional ovarian tissue (ovarian reserve) reduced by
endometriomas and/or surgery, leading to decreased ovarian response in assisted reproductive
technologies (ART). The chronic inflammatory changes in the pelvis and adhesions may cause
ovarian dysfunction. Besides, in endometriosis the uterus itself may show altered endometrial
receptivity mainly due to chronic inflammatory changes, to hormonal aberrations and dysperistalsis

of the myometrium.

2.3.1. Pain symptoms: peripheral and central mechanisms

Regarding the physiopathology of pain, endometriosis gives rise to nociceptive (including
inflammatory), neuropathic and a combination of these (Morotti et al., 2017). In addition,
psychological and physical stress and hormonal aberrations influence pain perception (Stratton and
Berkley, 2011). The mechanisms that underpin the origin and maintenance of endometriosis-
associated pain are related to inflammation, nociception and the interplay between the peripheral
and central nervous systems (Brawn et al., 2014; Morotti et al., 2014) (Figure 3). Among peripheral
changes in endometriosis-associated pain, neurogenic factors, such as brain-derived neurotrophic
factor (BDNF) and nerve growth factor (NGF), and angiogenic factors are reported to be
overexpressed in the peritoneal fluid and in endometriotic lesions of affected women (Barcena de
Arellano et al., 2013). Neurotrophic factors are also responsive to estrogens, prostaglandin and
cytokine stimulation and sensitize sensory nerve fiber terminals (Krizsan-Agbas et al., 2003).
Furthermore, an increased expression of new nerve fibers, a shift in the distribution of sensory and
autonomic fibers in some locations, and up-regulation of several neurotrophins have been observed
in ectopic endometrium (Tokushige et al, 2006). In DIE, these mechanisms are particularly
pronounced, in fact endometriotic lesions and surrounding tissues present higher nerve fibers
densities compared with peritoneal lesions and endometriomas (Wang et al., 2009). Moreover,

immune mediators (cytokines, interleukins, growth factors) are upregulated in the peritoneal fluid of



women with endometriosis. Histamine, tryptase, serotonin, monocyte chemotactic protein-1 (MCP-
1), tumor necrosis factors (TNF), interleukins (IL)-1, -6, and -8, prostaglandins and NGF are
abnormally synthesized and released by activated macrophages, mast cells, NK cells and leukocytes
within the endometriotic lesions, close to sensory nerve fibers, and in the peritoneal fluid (Riccio et
al., 2018). Inflammatory molecules sensitize (lower the threshold) or excite the terminals of sensory
nerve fibers, causing the development of a vicious cycle characterized by nociceptor sensitization,
local neo-neurogenesis, and activation of sensory nerve fibers, leading to hyperalgesia (Howard,

2009).
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Figure 3: Peripheral and central mechanisms of pain

Endometriotic lesions send noxious signals to dorsal root spinal cord neurons and activate spinal
microglia to maintain pain stimuli, resulting in a central sensitization, that represents an
enhancement in the function of neurons and circuits in nociceptive pathways caused by increases in
membrane excitability and synaptic efficacy (Woolf, 2011). In fact, in endometriosis a number of
central changes have been observed: alterations in the behavioral and central response to noxious
stimulation, changes in brain structure (both increases and decreases in the volume of specific brain
regions), altered activity of both the hypothalamic—pituitary—adrenal axis (HPA) and the autonomic

nervous system and psychological distress (Brawn et al., 2014). Regarding changes in structure and



function of Central Nervous System (CNS), women with endometriosis-associated pain showed
lower gray matter (GM) volume in brain regions involved in pain transmission (left thalamus, left
cingulate gyrus, right putamen, and right insula) and larger GM volume in regions involved in pain
modulation and endocrine function regulation (As-Sanie ef al., 2012). Women with endometriosis-
related CPP show a higher concentration of excitatory neurotransmitters in the anterior insula and a
greater intrinsic connectivity between the same cerebral region and the medial prefrontal cortex,
supporting a central sensitization (As-Sanie et al., 2016). Similar morphological brain changes have
been observed in other recurrent or chronic pain states. Moreover, the presence of central changes
has the potential to both exacerbate symptoms and to predispose these women to the development

of additional chronic conditions.

2.4 The diagnostic challenge of endometriosis

Despite the increase in awareness among patients and clinicians and the advancement in
imaging techniques, endometriosis remains a difficult diagnosis to make (Agarwal et al., 2019). The
gold standard for diagnosis is the direct visualization of ectopic endometrial lesions (by
laparoscopy) and ideally the histologic confirmation of disease. However, in the last years, imaging
techniques - transvaginal ultrasound (TVUS) and magnetic resonance (MRI) — have significantly
improved the non-invasive diagnosis of endometriosis (Exacoustos, Manganaro, et al., 2014),
overcoming the old concept of “diagnostic laparoscopy”. Nowadays, it is generally not necessary to
perform invasive surgery only for diagnostic purposes if there is no intention to treat surgically.
Thus the diagnostic challenge is due to aspecific symptoms, which are common in other
gynecological and non-gynecological diseases, the “normalization” of symptoms, the lack of
clinically relevant biomarkers and the aforementioned lack of awareness (Zondervan et al., 2020).

The consequence of such a situation is the diagnostic delay, which ranges from 4 to 11 years
from symptoms onset (Ghai ef al., 2020). This delay contribute to persistence of symptoms with
detrimental impact on quality of life, erosion of the patient-physician relationship, and
development of central sensitization, because of disease progression and chronicity (As-Sanie et al.,
2019). For health- care professionals, the challenge in daily practice is the determination of whether
pain or other symptoms are caused by endometriosis or by other gynecological conditions or
syndromes associated with chronic pain, such as irritable bowel syndrome, interstitial cystitis,
fibromyalgia and myofascial pain, or by depression and/or a history of sexual abuse. History- taking
by patient interviews is essential for diagnosing endometriosis. (Chapron et al., 2019).

Nowadays, imaging is a useful adjunct to clinical diagnostic measures, in fact accuracy

improves when it is used adjunctively with symptoms, patient history, and/or physical findings
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(Hudelist et al., 2009, 2011). The IDEA consensus statement provides guidance on systematic
sonographic evaluation of the pelvis in women with suspected endometriosis (Guerriero et al.,
2016). Traditional routine TVS transvaginal ultrasound may be limited to OMA diagnosis;
however, “expert-guided” imaging will allow to identify all the phenotypes of pelvic endometriosis
also at difficult sites (Bazot et al., 2009; Bazot and Darai, 2017). TVUS should be the first- line
imaging approach for the evaluation of suspected endometriosis. Notably, SUP cannot be visualized
by imaging since the size of the lesions is below the threshold for detection. OMAs can be
identified reliably by TVUS or MRI with more than 90% sensitivity and specificity. TVUS, when
performed by an experienced operator, also has a high sensitivity (91%) and specificity (98%) for
detecting and ruling out DIE (Guerriero et al., 2015).

The most appropriate approach to diagnosing endometriosis is based on a combination of
patient interviews (Table 1) and clinical examination to enable the selection and identification of
patients suspected of having endometriosis. Those selected will undergo imaging, which allows the
endometriotic lesion phenotypes (OMA and/or DIE) and possible associated adenomyosis (diffuse
and/or focal) to be identified.
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Figure 4. TVUS images of different localizations of endometriosis (from upper left corner clockwise): OMA, recto-

sigmoid nodule with fibrotic retraction, bowel nodule, rectal nodule, nodule of the torus, bladder nodule.



Table 1: Risk factors and patient history information to ask for a detailed clinical interview.

Family history of endometriosis

In utero or early childhood factors
e Preterm birth
e Low birth weight
e Neonatal uterine bleeding
e Formula feeding
e Early- life small body size
e Sexual and emotional abuse during childhood251

Adolescent history
e Severe primary dysmenorrhea with negative effects on daily life activities
e Poor and/or no response to medications used for pain: NSAIDs and/or combined oral contraceptives

Clinical symptoms
v Menstrual pain
o Persistent and/or worsening cyclic and/or constant pelvic pain
Gastrointestinal pain
Urological pain
Diaphragm pain

O O O O

Pulmonary pain
o Sciatic pain

Infertility

Back pain

Depression

Fatigue

Occupational stress

Insomnia

AV N NI N NI N

Associated comorbidities
v' Autoimmune diseases (systemic lupus
erythematosus, scleroderma, rheumatoid arthritis,
Sjogren’s syndrome, multiple sclerosis and fibromyalgia)
Endocrine diseases (for example, hypothyroidism and Basedow disease)
Asthma, atopic diseases and allergic disorders (hay fever, food allergy and sinus allergic rhinitis)
Migraines
Inflammatory bowel diseases
Cardiovascular diseases (hypertension and hypercholesterolaemia)
v Cancer (ovarian, breast or melanoma)

ASENENENEN

Previous obstetrical history
* Adverse pregnancy and perinatal outcomes
» Miscarriages

Previous history of pelvic surgery

2.5.  The need for a long term management plan
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Endometriosis is a chronic disease requiring a lifelong management, with an individualized
approach, aiming to reduce pain, perceived stress, stress-related comorbidities and to improve
quality of life. Based on patient’s symptoms and priorities over the all life, including the desire of
pregnancy, a broad- based approach should be used for an adequate management, considering
medical treatment, surgery and ART (Chapron et al., 2019; Clemenza et al., 2018).

Until a few years ago, the suspect of endometriosis represented an indication for surgery, mainly
used to make the diagnosis through the visualization and histology confirmation of endometriotic
lesions. This old concept, given the result of recent literature and recommendations from scientific
societies, should be abandoned (Alio et al., 2019). According to the Practice Committee of the
ASRM, ‘‘endometriosis should be viewed as a chronic disease that requires a life-long management
plan with the goal of maximizing the use of medical treatment and avoiding repeated surgical
procedures’(Treatment of pelvic pain associated with endometriosis: A committee opinion, 2014)
Medical treatment can be safely prescribed without histological confirmation of endometriosis
(Dunselman et al., 2014; Kuznetsov et al., 2017; Leyland et al., 2010; Practice bulletin no. 114:
Management of endometriosis, 2010). As such, in patients who do not have an immediate desire to
become pregnant, medical treatment should be the first-line therapeutic option. The use of
estroprogestins and progestins should be considered to be “high value care” for women with
endometriosis, as they are effective on pain, lesions, and risk of recurrence, in long term
management (Vercellini, Buggio, et al., 2016). Overall, these drugs are safe and well tolerated,
especially compared with alternate medications for endometriosis, such as GnRH agonists,
antagonists, and danazol.

It would be highly desirable to reduce the number of unnecessary and/or inappropriate
surgeries for endometriosis, as they entail a risk of recurrence and complications (Ceccaroni et al.,
2019; Ianieri et al., 2018; Sibiude et al., 2014) and can negatively affect the ovarian reserve
(Goodman et al., 2016). Moreover, ART results in satisfactory fertility outcomes, irrespective of
endometriosis phenotype, even without prior surgical removal of OMA and DIE nodules
(AlKudmani et al., 2018; Garcia-Velasco and Arici, 2004). The only indications for immediate
surgery should be the suspect of cancer in imaging appearance of OMA after imaging, occlusion in
bowel DIE and ureteral DIE with ureterohydronephrosis.

In modern endometriosis management, the patient needs to be at the centre of therapeutic
decisions. As such, health- care professionals should focus on the patient, in “endometriosis life”

view, rather than on the endometriotic lesions themselves (Chapron et al., 2019).

11



3. Endometriosis and stress

3.1 Stress and the stress mechanisms response

Stress is defined as a threat or an anticipation of a threat to an organism’s homeostasis and
can be understood as any stimulus, either psychological or physical, capable to promote an
unbalance in the body’s environment (Selye, 1936). Selye was the first to define stress from a
biological point of view as “a nonspecific response of the body to any demand made upon it”
(Selye, 1950). The response to stressful stimuli is elaborated and triggered by the stress system,
which integrates a wide diversity of brain structures that, collectively, are able to detect events and
interpret them as either a real or a potential threat: stressor (Dedovic et al., 2009). The perception of
real or potential threats leads to the release of mediating molecules. The interaction between these
molecules with their corresponding receptors, in the periphery and in the brain, results in the stress
response, which through physiological and behavioral mechanisms restores the body homeostasis
and promotes adaptation.

The stress response is complex but has many interconnected mechanisms, including
neuroendocrine, inflammatory, and nociception phenomena, with peripheral and central
repercussion. Whenever an acute stressful stimulus occurs, an adaptive response is triggered
through the activation of two coordinated brain systems: the sympathetic nervous system (SNS) and
the hypothalamus-pituitary-adrenal (HPA) axis. At first, the SNS, by releasing catecholamines,
promotes an increase in the systemic inflammatory activity. At the level of the hypothalamus, the
stress signal activates corticotropin-releasing hormone (CRH) production, leading to the secretion
of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland, which stimulates the
production of glucocorticoids (cortisol) in the adrenal cortex (Figure 5). Cortisol has been shown to
influence the activity of the immune system by suppressing cellular differentiation and
proliferation, downregulating gene transcription, and reducing cell adhesion. Furthermore, the
glucocorticoid production is responsible for counterbalancing the excessive inflammatory response
(Godoy et al., 2018). The effects of CRH on the periphery are tissue-specific, having a role in
intestinal permeability and motility as well as on uterine function, in addition to mediating
behavioral, autonomic, and visceral responses to stress. Ovarian CRH regulates ovarian
steroidogenesis, induces the decidualization of endometrial stroma and has a significant role in
embryonic implantation and maintenance of pregnancy (Petraglia et al., 2010).

Different types of stressors—physical, emotional, psychological, and social—can activate
this axis via different mechanisms, resulting in different kinds of responses (eustress or distress).

Normally, the brain responds to stressors by activation of HPA axis, leading to eustress (positive
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stress). Chronic activation of the HPA axis by stressors, however, results in distress (negative
stress) compromising the immune system, which in turn causes high levels of psychological and
emotional distress (Bomholt et al., 2004).

A relationship between stress and disease has been documented for chronic conditions such
as cancer, inflammatory bowel disease, and multiple sclerosis, and also for chronic pelvic pain and

mood disorders (anxiety, depression, post-traumatic stress syndrome).

Cortisol

| metabolic

Adrenaline Noradrenaline

Figure 5. Stress response — HPA activation. The effect of CRH secretion.

3.2. HPA axis in endometriosis

The HPA axis plays a significant role in regulating both the stress signaling and the immune
response. On the other hand, the hypothalamic-pituitary-gonadal (HPG) axis is the main system that
governs reproductive activities. The crosstalk between the HPA and HPG axes is bi-directional:
activation of the HPA axis has suppressive effects in both male and female reproductive activities
(Kalantaridou et al., 2010), and the CRH gene is directly regulated by estrogen (Vamvakopoulos
and Chrousos, 1993). Therefore, they have effects on regulating endometrial growth and the
immune system, so an implication in endometriosis may be hypothesized. Chronic pain can be
considered as a repeated stressor, and thus, it is not surprising that dysfunction in the HPA axis is
seen in a wide variety of chronic pain conditions, such as endometriosis (Coxon et al., 2018). The

mechanisms by which the HPA axis is suppressed in these conditions are not well understood.
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Normally, acute stress leads to the activation of the HPA axis and an increase in cortisol levels;
however, over time, this response will be attenuated, a condition known as burnout. If this may be a
protective mechanisms to reduce continued activation of the body's ‘emergency response’ systems
(Frodl and O’Keane, 2013), in the context of pain, low levels of cortisol may exacerbate painful
symptoms by reducing the endogenous analgesia associated with stress (stress-induced analgesia)
(Fries et al., 2005).

Few studies have examined the levels of CRH, the CRH receptors, or the associated peptides in
women with endometriosis. Higher levels of CRH-binding protein in peritoneal fluid from women
with endometriosis than in controls, suggesting possible changes also in circulating levels (Florio et
al., 1998). mRNA and the protein of CRH, CRH receptors types 1 and 2, as well as urocortin are
more significantly expressed within endometriotic lesions compared with endometrium from
healthy women (Carrarelli ef al., 2016; Novembri, Borges, et al., 2011; Novembri, Carrarelli, et al.,
2011).
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Figure 6. Stress response in endometriiosis via HPA acitivation.

3.3. Is endometriosis a cause of stress?

Endometriosis has two cardinal symptoms: pelvic pain and infertility. Both symptoms per se
are capable of evoking a chronic stress response, but their consequences can also be remarkably

stressful, giving rise to a vicious cycle. For instance, infertility provokes family demands and fear of



frustrating social expectations (Galhardo et al., 2016; Siedentopf et al., 2008), whereas pelvic pain
causes sexual dysfunction and work absenteeism (Soliman, Coyne, et al., 2017), which all may
contribute to generate more anxiety and chronic stress. Endometriosis is also surrounded by
uncertainty about the disease progression, the success of treatments, the long-term health risks and
the reproductive future, which can be additional sources of stress (Harrison et al., 2005; Luisi et al.,
2015; Soliman, Coyne, et al., 2017). Furthermore, women with endometriosis experience a delay of
4 to 7 years from first presentation of symptoms to the diagnosis (Soliman, Fuldeore, et al., 2017,
Staal et al., 2016), which may further enhance the levels of stress perceived by the patient (Figure
6).
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Pain
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Figure 7. The possible bidirectional cause-effect relation between endometriosis and chronic stress. The figure shows
some physical symptoms and social consequences of endometriosis that might induce prolonged stress, and some
mechanisms triggered by chronic stress that could boost endometriosis. The arrows highlight the vicious cycle resulting
from the association between endometriosis and chronic stress (Reis, Coutinho, Vannuccini, Luisi, ef al., 2020).

Objectively assessing the levels of stress that a person is submitted to is not simple, and two
main strategies have been used in order to reach this purpose: questionnaires and biomarkers. The
first ones can evaluate the frequency and intensity of stress symptoms and the amount of
psychological stress perceived. The perceived stress scale (PSS), for example, is a validated
psychometric instrument that quantifies the frequency of stressful situations in the last month, in

particular those characterized by loss of control, unpredictability, and overload. The stress levels
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measured by PSS can be high or very high in more than 70% of women with endometriosis. The
stress intensity is highest among women with the most severe disease forms (Lazzeri, Vannuccini,
et al., 2015a) and who have been submitted to multiple surgeries (Lazzeri, Vannuccini, et al.,
2015b). Stress intensity is higher in women with severe pelvic pain and lower in those who adopt
good coping strategies (Zarbo et al., 2018). The application of a therapeutic protocol involving
physical and psychological therapy on women with endometriosis and chronic pelvic pain was
effective in reducing perceived stress, increasing vitality and improving physical functioning (Friggi
Sebe Petrelluzzi et al., 2012).

An indirect measure of stress level is the health-related quality of life (QoL) (Culley et al.,
2013) evaluated by using different tools, including the Short Form Health Survey (SF-36 or SF-12,
a 36 or 12-item questionnaire which investigates both physical and mental components of health-
related QoL) or those specific for endometriosis, such as the Endometriosis Health Profile (Aubry
et al., 2017). Endometriosis has a significantly negative impact on health-related QoL scores and
the factors involved are mainly linked to pain symptoms (Facchin et al., 2015). A recent study by
Marki et al. reported that both physical pain symptoms and emotional regulation difficulties, the
latter being mediated by psychological stress, had a negative impact on health-related QoL of
women with endometriosis (Marki et al., 2017). In addition, other factors contribute to the
psychological health and stress perception of women with endometriosis, such as self-esteem, body
esteem and emotional self-efficacy (Facchin et al., 2017).

The second way to assess the levels of stress is by measuring the products of the stress
response cascade. Among the stress biomarkers usually assessed in clinical studies, the most
characteristic one is cortisol. In fact, a prolonged and intense stress stimulus may disrupt the HPA
axis and alter the normal pattern of cortisol release. Interestingly, the deregulation of the HPA axis
can culminate in either an over response (i.e., hypercortisolism) or a paradoxical phenomenon of
adrenal fatigue leading to hypocortisolism (Blackburn-Munro and Blackburn-Munro, 2003). In fact,
incongruent patterns of cortisol alterations have been observed in women with endometriosis.
Higher hair cortisol levels were found in patients with endometriosis than in healthy women of
similar age, parity, education level and body mass index (BMI) (van Aken et al., 2018). Similarly,
increased serum cortisol levels were detected in infertile women with endometriosis compared to
fertile healthy women and the highest levels were found in those with advanced stage endometriosis
(Lima et al., 2006). Interestingly, physical and psychological interventions have been shown to
normalize salivary cortisol levels of women with endometriosis and chronic pain(Friggi Sebe
Petrelluzzi et al., 2012). On the other hand, some studies have observed the opposite trend

(Petrelluzzi et al., 2008; Quifiones et al., 2015). Petrelluzi et al. showed that patients with
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endometriosis and chronic pelvic pain had low concentrations of salivary cortisol, measured in three
samples collected 8 hours apart, and a high level of perceived stress, associated with a poor quality
of life (Petrelluzzi et al., 2008). Quinones et al. observed among patients with endometriosis an
association of salivary hypocortisolism and infertility and dyspareunia, but not dysmenorrhea
(Quifiones et al., 2015).

The use of cortisol as a stress biomarker has some limitations. The normal release of this
glucocorticoid obeys circadian and ultradian pulsatile rhythms, with a wide variation in pulse
frequency and amplitude, and can be influenced by external factors. Such variability renders
difficult the long-term analysis of cortisol concentrations and the differentiation between acute and
chronic stress by using plasma, urine or saliva samples. Cortisol concentration in the scalp hair, in
its turn, provides an average measure of free cortisol levels over a period of time (Lee et al., 2015)
and hence it seems to be more appropriate for measuring chronic stress (Greff e al., 2019).

Another marker of chronic stress is salivary alpha-amylase, which reflects the adrenergic
axis of the stress response (Lynch et al., 2014; Nater and Rohleder, 2009), we are not aware of any
study on salivary alpha-amylase levels in women with endometriosis. Serum levels of acute stress
hormones, such as prolactin and urocortin-1, are elevated in women with endometriosis (Bilibio et
al., 2014; Maia et al., 2018), but no relationship with pain intensity or level of stress response has
been evaluated so far in such patients.

Altogether, the available evidence from clinical studies clearly indicates that endometriosis
is a condition associated with high levels of stress. Although it is possible to induce from data
available that the disease may cause chronic physical and psychological stress, most studies were
cross sectional and thus had no possibility to demonstrate a temporal relationship between the stress
response and the evolution of endometriosis. However, the evidence that the stress intensity
assessed by PSS decreased one month after the surgical treatment of moderate to severe
endometriosis suggests that treating the disease contributed to reduce the stress levels of the patients

(Lazzeri, Vannuccini, ef al., 2015b).

3.4. The impact of stress in endometriosis onset and development

The second vector of the equation endometriosis-stress is the possibility that the stress
response affects the evolution of endometriosis. Investigating this cause-effect relation is not an
easy task because it would require leaving symptomatic patients without treatment. Current
diagnostic methods do not provide any screening test for initial endometriosis and therefore render

virtually impossible to investigate in humans whether stress is a risk factor for the establishment of
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endometriotic implants. Despite the lack of any clinical trial that evaluated a direct effect of chronic
stress on the onset, progression and invasiveness of endometriotic lesions, recent studies allow us to
hypothesize that such relation might exist.

A retrospective case-control study (Vannuccini et al., 2016) showed that mothers of women
with endometriosis were significantly more likely to have smoked during the patient's gestation,
increasing the risk of antenatal hypoxemia. In addition, those affected reported more frequently
perinatal complications during their gestation, such as prematurity, lower birth weight and
preeclampsia (Borghese et al., 2015; Upson et al., 2015; Vannuccini et al., 2016). We therefore
hypothesize that the intrauterine and neonatal exposure to prolonged physical stress stimuli could be
linked to the future development of endometriosis. In our opinion, the intrinsic mechanisms
involved in this process might be diverse from those implicated in adulthood. While in adults the
chronic stress response might directly enhance the progression of endometriotic lesions, early in life
the remodeling of neurobiological systems responsible for the stress response (Gunnar and
Quevedo, 2007) might induce epigenetic factors predisposing the future onset of the disease.

If chronic stressful events in the perinatal period may increase the risk of endometriosis in
the future, we should next consider the same hypothesis regarding stressful events in childhood. In
effect, negligence and abuse during childhood may evoke persistent changes in neural and
neuroendocrine systems and consequently hyperactivity of the HPA axis. The combination of
precocious exposure to adversity and the presence of a genetic predisposition to anxious personality
could produce a personal tendency to have exacerbated stress responses to external stimuli (Fuentes
and Christianson, 2018; Tafet and Nemeroff, 2016). Recently, a prospective cohort study showed
that the risk of endometriosis was greater among women with history of severe physical abuse or
severe sexual abuse when compared with those not reporting any previous maltreatment. In
particular, the risk of laparoscopically-confirmed endometriosis increases up to 79% for women
reporting severe-chronic abuse of multiple types (Harris et al., 2018). Similarly, results from a case-
control study showed that childhood sexual abuse, emotional abuse/neglect and inconsistency
experiences were associated with the diagnosis of endometriosis, suggesting the importance of early
stress exposure (Liebermann et al., 2018).

Furthermore, small body size/low BMI in childhood and adolescence has been linked on one
side with chronic stress (Lo Sauro ef al., 2008) and on the other side with the risk of endometriosis
(Shah et al., 2013; Vitonis et al., 2010). In fact, endometriosis was reported to be more common
among women who were leaner at 8 years, at menarche and at 20-25 years (Farland et al., 2017).
The body size during childhood seems to be so important that those who were the smallest size

between 5 and 10 years have an 18% increased risk to develop endometriosis later in life (Vitonis et
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al., 2010). In addition, an inverse correlation has been shown between BMI during early adulthood
and endometriosis development: young women who were underweight had a relative risk of 1.31 to
be affected by the disease (Shah et al., 2013). Moreover, patients with the lowest BMI (<18.5) had
the highest risk to develop more severe phenotypes, such as deep infiltrating endometriosis (Lafay
Pillet et al., 2012).

Nevertheless, the association between low BMI and endometriosis remains unexplained
(Figure 8). An enhanced activity of HPA axis has been demonstrated in patients with anorexia
nervosa and in high performance athletes, inducing a condition of chronic stress (Lo Sauro et al.,
2008). Strenuous physical activity has been reported to increase by 16% the risk of endometriosis
(Vitonis et al., 2009), while leisure activity seems to decrease this risk to some extent (Garavaglia
et al., 2014). Thus, stress stimuli, linked to dietary restriction or high intensity physical activity,
seem to facilitate endometriosis development. Experimentally, Goetz et al. have demonstrated in
mice that endometriosis induces weight loss by disrupting hepatic metabolism (Goetz et al., 2016).
They showed a higher expression of four genes related to an anorexigenic effect and a reduced
expression of two genes associated with obesity and metabolic disease in mice with induced
endometriosis. Surprisingly, caloric restriction promotes autophagy and blocks the lesion growth in

this animal model (Yin ef al., 2018).
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Figure 8. Weight loss is associated with stress (in certain clinical conditions) and with endometriosis onset (in animal

model). However, the association between low body fat and endometriosis remains unexplained. The known
reproductive consequences of weight loss (framed in red) are theoretically protective against endometriosis, but,
paradoxically, epidemiological data link low body fat to increased endometriosis risk (Reis, Coutinho, Vannuccini,
Luisi, ef al., 2020).

A number of inflammatory and immune-related conditions have been linked to high levels

of perceived stress, while the occurrence of early stressful events and many of them seem to be
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related to endometriosis as well (Jones, 2016; Kvaskoff ez al., 2015). A Danish nationwide cohort
study showed that women with endometriosis have an increased risk of inflammatory bowel
diseases, such as Chron’s disease and ulcerative colitis, even 20 years after diagnosis (Jess et al.,
2012). Women with endometriosis have also high risk to develop allergic manifestations, such as
hay fever, sinus allergic rhinitis, and food allergy (Bungum et al., 2014). Furthermore, autoimmune
diseases, including systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s syndrome,
multiple sclerosis, fibromyalgia and chronic fatigue syndrome, are more likely to be diagnosed in
women with endometriosis (Caserta et al., 2016; Greenbaum et al., 2019; Harris et al., 2016;
Nielsen et al., 2011).

Distress and pain symptoms have a negative impact on each other, leading to the so-called
‘sickness response’, associated with a vicious cycle caused by the underlying neuroendocrine—
immune imbalance (Tariverdian et al., 2007). Chronic fatigue syndrome, fibromyalgia, asthma and
rheumatoid arthritis have been associated with hypocortisolism, probably due to receptor resistance
mechanisms (Heim et al., 2000). Other chronic pelvic pain syndromes such as inflammatory bowel
disease and interstitial cystitis seem to cause a hyperactivity of the HPA axis, despite the limited
data available (Bernstein, 2017; Videlock et al., 2009). Enhanced cortisol levels have been
described, as well, in syndromic mood and anxiety disorders (Chrousos, 2009).

The chronic pain experienced by patients with endometriosis and other chronic pain
disorders might have a psychosomatic component, beyond physical and biomolecular causes. In
fact, although endometriosis severity does not correlate with pelvic pain intensity, stress probably
does (Martin et al., 2011). According to a recent cross-sectional study, more than half of
interviewed women with endometriosis resulted positive to mental health disorders as assessed by
the Patient Health Questionnaire, whose results strongly correlated with pain severity: women with
severe pain had multiple psychiatric diseases and the somatoform disorder was the most common
(Vannuccini, Lazzeri, et al., 2017). Furthermore, anxiety and depression traits, and a higher
tendency of pain catastrophizing are commonly present in endometriosis patients and can amplify
the perception of pain (Lagana et al., 2017; McPeak et al., 2018; Rocha et al., 2017). It is possible
that such relationship could lead to the above cited ‘sickness response’, contributing to the
evolution of the disease.

Studies using animal models of endometriosis have also been used to shed light onto the
possible effect of stress in the course of endometriosis. Female rats exposed to the stress model of
forced swimming during 10 days and a control group without stress were subsequently grafted with
autologous uterine fragments to induce peritoneal endometriosis (Cuevas et al., 2012). Compared to

the non-stressed group, the rats that had been previously exposed to swimming stress developed
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larger and more numerous endometriotic lesions. When applied two weeks after the induction of
endometriosis, swimming stress also accelerated the growth of endometriotic implants and mast cell
infiltration in the implant area, besides increasing the expression of nerve growth factor in the
remaining uterine horn (Cuevas et al., 2018). Moreover, when the animal was given the possibility
of “controlling” the swimming stress by floating on a platform, the endometriosis lesions evolved
similarly to those of non-stressed controls (Appleyard et al., 2015). This suggests that the level of
stress controllability appears to modulate the behavior and pathophysiology of endometriosis,
offering evidence for potential therapeutic interventions.

Another series of experiments by Guo and coworkers tested the effects of psychological
stressors on the development of endometriosis in mouse model. Exposure to a predator outside the
mouse’s cage for 24 hours every other day for two weeks after inducing endometriosis caused a
worsening in the evolution of the disease, characterized by faster lesion growth, macrophage
infiltration and increased angiogenesis (Guo ef al., 2017). Immobilization stress, either before or
after endometriosis induction, was able to boost lesion growth and local angiogenesis, an effect that
was prevented by treatment with propranonol, indicating that beta-adrenergic input to the
endometriotic lesions was involved in the deleterious effects of the stress (Long et al., 2016).
Another study on psychological stress and pain perception in mouse model of endometriosis
showed that animals subjected to water avoidance stress for 7 days developed more severe
symptoms, but interestingly stress reversed the allodynic effect caused by endometriosis, maybe due

to the stress-induced analgesia phenomenon (Hernandez et al., 2017).

Women with endometriosis have increased stress, as indicated by psychological and endocrine
stressmeasures, and the stress intensity correlates with pain severity and disease extension. On the
other hand, chronic stress may represent a primary cause of endometriosis, and, therefore, avoiding
or treating chronic stress might potentially reduce the risk of developing endometriosis.
Furthermore, perinatal and childhood stress should be considered as risk factors for endometriosis.

However, many questions remain to be addressed, in order to clarify the causal link between
endometriosis and stress and to assess whether stress-reducing therapies are effective to mitigate

symptoms and/or slow down the development of endometriotic lesions.
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4. Endometriosis and impact on women’s health

4.2  Endometriosis and systemic comorbidities

4.2.1 Research study 1

Comorbidities and quality of life in women undergoing first surgery for endometriosis:

differences between Chinese and Italian population

Aim of the study

Debilitating pain-related symptoms (dysmenorrhea, dyspareunia, dysuria, dyschezia) and
infertility are commonly observed in women with endometriosis. A negative association exists
between endometriosis-associated pain and daily activities, self-care and productivity at work up to
job loss and these may cause a low quality of life (Lazzeri, Orlandini, et al., 2015). Medical or
surgical treatment of endometriosis aim to achieve a complete and durable symptom relief, with
good physical and mental health (Vannuccini et al., 2019), however, the disease is chronic and
recurrent (Guo, 2009).

Furthermore, endometriosis is associated with gynecological (Capezzuoli et al., 2020) and
systemic comorbidities, including immune (asthma, rheumatoid arthritis, psoriasis, and multiple
sclerosis), inflammatory (bowel inflammatory disease, Crohn’s disease) and psychiatric disorders
(depression and anxiety ) (Kvaskoff et al., 2014; Surrey et al., 2018; Vannuccini et al., 2018).

The majority of epidemiological data on endometriosis comes from reports on Caucasian
women (Bougie, Healey, et al., 2019). However, also Asian women are likely to be diagnosed with
endometriosis, whereas African-American women are less frequently affected (Fawole ef al., 2015;
Flores et al., 2008). Few evidences are available on the Chinese population (Yen et al., 2019), but
there is a high number of patients with endometriosis in China because of the large population base.
Moreover, information on women with endometriosis differentiated by ethnicity are quite limited
(Bougie, Yap, et al., 2019). The present study aims to evaluate the difference between Chinese and

Italian population with endometriosis in terms of symptoms, comorbidities and Quality of Life

(QoL).

Materials and Methods
An observational cross-sectional multicenter study was conducted in a group (n=371) of fertile
age women (25-45 years old) with endometriosis, recruited in four different hospitals, all third level

centers for endometriosis treatment (Florence and Negrar di Valpolicella, Verona, Italy; Shanghai
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and Guangdong, China). They were divided into two age-matched groups based on the ethnicity: a)
Chinese population (n=175) and b) Italian population (n=196). We included only women with
histological diagnosis of endometriosis Data were collected within two years after a single surgery
for endometriosis through a structured questionnaire, during a clinical follow up visit. Women with
previous or actual pregnancy were excluded. Also women with multiple surgical interventions for
endometriosis were not included in the study. A database was built collecting for each case all the
following information:

a) demographic characteristics (age, body mass index (BMI), age at menarche);

b) endometriosis data: age at the diagnosis of endometriosis, phenotype of endometriosis at
surgery (OMA, DIE, SUP, mixed phenotype), if hormonal medical treatment before and
surgery was performed, and current symptoms (dysmenorrhea, dyspareunia, non-menstrual
pelvic pain and urinary pain), measured as absent, mild, moderate and severe, according to
the visual analog scale (VAS). In fact, women graded their perception of each type of pain
on a 10-cm line from 0O (no pain) to 10 (unbearable pain); a mean VAS score of 7 or higher
was considered severe;

c) gynecological (uterine fibroids, adenomyosis, polycystic ovarian syndrome) and systemic
comorbidities, including autoimmune (thyroiditis, rheumatoid arthritis, psoriasis,
pemphigus, multiple sclerosis, myasthenia gravis), metabolic (obesity, hypertension,
hypercholesterolemia), inflammatory (allergic rhinitis, allergic asthma, irritable bowel
syndrome, inflammatory bowel diseases) and mental health diseases (depression, anxiety,
panic disorder, eating disorders); it has been also asked whether the disorder appears before
or after the diagnosis of endometriosis;

d) evaluation of health-related Quality of Life (QoL) by using the Short Form-12 (SF-12)
(Gandek et al., 1998).

The data were validated through review of medical records of all participants to confirm what
was reported by patients, especially for systemic comorbidities. The study was approved by the
locals Institutional Review Boards and all participants provided written informed consent to be
included in the series.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics software, version 22 (IBM
Corporation, Armonk, NY, USA). Statistically significant differences between groups were
determined using Student's z-test for continuous variables and Chi-square test or Fisher's exact test
for categorical variables. A p value <0.05 was considered statistically significant. The sample size

was estimated to detect differences of at least 0.5 standard deviations in quantitative variables or
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20% in the frequency of categorical variables between groups with 80% statistical power and 95%
confidence level. In order to achieve a statistical power of 95%, we needed at least 111 patients

with a significance level of 0.05 and an effect size of 0.3.

Results

The group of Italian women resulted younger than the Chinese at diagnosis of endometriosis
(P<0.0001). Chinese women were more frequently diagnosed with OMA (84.0% vs 46.7%)
whereas Italians had significantly more DIE (4.1% vs 1.8%) and mixed phenotypes (40% vs 5.6%)
(p<0.0001) (Table 1). Furthermore, the group of Italian women underwent more frequently to
medical hormonal treatment before surgery (21% vs 43.3%, p<0.0001). On the contrary, no
differences were found in terms of indications for surgery, which was mainly represented by pain
symptoms (Table 1).

Regarding gynecological comorbidities, PCOS (7.9% vs 5.3%) and uterine fibroids (9.3% vs
3.2%) were more common in the Chinese than in Italian patients, while adenomyosis was more
common in Italians (27.9% vs 9.9%). Most of the systemic comorbidities observed were more
common in Italian women than in the Chinese, i.e. autoimmune diseases (27.5% vs 4.6%,
p<0.0001), metabolic/endocrine diseases (14.8% vs 8.7%, p=0.007), inflammatory diseases (44.5%
vs 19.9%, p<0.0001) and mental health disorders (35.3% vs 3.7%, p<0.0001) (Table 2). Among the
comorbid autoimmune diseases the Italian population showed more thyroiditis (17.9% vs 3.4%),
dermatological diseases (psoriasis, pemphigus) (4.1% vs 0) and neuromyopathies (multiple
sclerosis, myasthenia gravis) (2.6% vs 0) than the Chinese population. Similarly, some of the
comorbid metabolic/endocrine diseases were more common in Italian patients including
hypertension (7.7% vs 1.7%) and obesity (3.6% vs 0), as well as some inflammatory diseases, 1.e.
allergic asthma (1.5% vs 0), intestinal inflammatory diseases (3.6% vs 0). Also mental health
disorders were more common in Italian patients, i.e. depression (19.4% vs 1.1%), anxiety (10.7% vs
1.7%) and anorexia (1.5% vs 0). Whether the comorbidities were identified before or after the
diagnosis of endometriosis was also evaluated and Italian women have already been diagnosed with
a systemic disease before endometriosis identification (Table 2).

No differences were found in terms of medical treatment after surgery between the two groups
(60.2% vs 78.2%, p=0.3904). Regarding pain symptoms at the follow up visit, Italian patients
suffered more frequently from severe pain than the Chinese, in terms of dysmenorrhea (p<0.0001),
dyspareunia (p<0.0001), non-menstrual pelvic pain (p<0.0001) and dysuria (p=0.011) (Table 1).
Accordingly, the evaluation of QoL in the two groups showed that the Chinese patients had both for
SF-12 physical score (46.5+8.7 vs 41.5+9.9, p<0.0001) and SF-12 mental score (47.1£8.8 vs
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37.2+10.7, p<0.0001) higher than the Italian patients (Figure 1). Stratifying patients according to
endometriosis phenotypes, those with DIE among Italians have significantly worse mental scores
compared to Chinese (36.8£10.4 vs 49.848.2, p=0.010), whereas physical scores were not
significantly different (41.9£7.3 vs 44.6£13.1, p=0.649), although the sample size in Chinese
population is very small. Regarding women with only ovarian localization of endometriosis among
Italians and Chinese, we confirmed that Italians reported more severe pain symptoms
(dysmenorrhea 26.7% vs 10.5%; dyspareunia 13.5% vs 1%; non menstrual pelvic pain 16.5% vs
0%) and a worse QoL (SF-12 physical score 41.3£11.8 vs 46.7£8.5, p=0.010; SF-12 mental score
38.5£10.9 vs 47.449.0).
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Table 1 Clinical characteristics of the two populations. Values are mean+SD or n (%).
BMI: Body Mass Index; OMA: ovarian endometriosis; DIE: Deep Infiltrating Endometriosis; SUP:

superficial endometriosis.

Chinese (n=175) Italian P-value
(n=196)
Age (years) 36.5+6.7 36.3£6.4 0.769
BMI 21.443.1 22.243.3 0.021
Menarche (years) 13.5£1.6 12.3£1.3 <0.0001
Age at 1¥ diagnosis (years) 32.2+5.9 27.3£5.6 <0.0001
Medical treatment before 1* surgery 34 (21.0%) 85 (43.4%) <.0001
Indication for 1* surgery
Pain 92 (54.8%) 104 (53.1%) .025
Pain and infertility 7 (4.2%) 24 (12.2%)
Infertility 8 (4.8%) 4 (2%)
Imaging 61 (36.3%) 64 (32.7%)
Endometriosis phenotype at surgery
OMA 137 (84.0%) 91 (46.7%)
DIE 3 (1.8%) 8 (4.1%)
SUP 14 (8.6%) 14 (7.2%)
OMA+DIE 4 (2.5%) 26 (13.3%) <0.0001
OMA+DIE+SUP 0(0.0%) 25 (12.8%)
OMA+SUP 53.1%) 24 (12.3%)
DIE+SUP 0(0.0%) 7 (3.6%)
Dysmenorrhea
No 52 (36.6%) 60 (31.7%)
Mild 56 (39.4%) 34 (18.0%)
Moderate 14 (9.9%) 52(27.5%) <0.0001
Severe 20 (14.1%) 43 (22.8%)
Dyspareunia
No 94 (76.4%) 57 (29.7%)
Mild 24 (19.5%) 43 (22.4%) <0.0001
Moderate 3 (2.4%) 66 (34.4%)
Severe 2 (1.6%) 26 (13.5%)
Non menstrual pelvic pain
No 92 (66.2%) 57 (29.5%)
Mild 35 (25.2%) 50 (25.9%)
<0.0001
Moderate 10 (7.2%) 56 (29.0%)
Severe 2 (1.4%) 30 (15.5%)
Urinary pain
No 123 (88.5%) 142 (74.0%)
Mild 11 (7.9%) 32 (16.7%)
Moderate 5(3.6%) 16 (8.3%) 0.011
Severe 0(0.0%) 2 (1.0%)
Medical treatment after surgery 130 (60.9%) 154 (78.2%) 0.3904
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Table 2 Gynecological and systemic comorbidities of endoemtriosis in the two populations. Values

are mean+SD or n (%). PCOS: polycystic ovary syndrome.

Chinese (n=175) | Italian (n=196) P-value
Gynecological comorbidities
No 104 (68.9%) 115 (60.5%)
PCOS 12 (7.9%) 10 (5.3%)
Adenomyosis 15 (9.9%) 53 (27.9%) <0.0001
Uterine fibroids 14 (9.3%) 6 (3.2%)
Multiple 6 (4.0%) 6 (3.2%)
Before endometriosis diagnosis 43/65 (91.5%) 3/25(4.0%) <0.0001
Autoimmune diseases 8 (4.6%) 51 (26.0%) <0.0001
Before endometriosis diagnosis 1/7 (14.3%) 36/51 (70.6%) 0.007
Metabolic/endocrine diseases 28 (8.7%) 39 (14.8%) 0.007
Before endometriosis diagnosis 2/13 (15.4%) 14/26 (53.8%) 0.023
Inflammatory diseases 46 (19.9%) 95 (44.5%) <0.0001
Before endometriosis diagnosis 10/16 (62.5%) 68/78 (87.2%) 0.027
Mental health disorders 5(3.7%) 77 (35.3%) <0.0001
Before endometriosis diagnosis 1/5 (20.0%) 45/65 (69.2%) 0.044

Figure 1. The histograms showed the SF-12 physical and mental scores in Chinese and Italian

population respectively. ***P<0.001.

Figure 1 SF-12 scores between the two populations.
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Discussion

The present cross-sectional and multicentric study explored for the first time the difference in
endometriosis phenotypes, comorbidities and QoL between Italian and Chinese patients with
history of a single surgery for endometriosis. The Italian endometriotic patients showed more
frequently DIE and mixed phenotypes and systemic and gynecological comorbidities than the
Chinese patients. In addition, the Italian group presented at the follow up visit within 2 years after
surgery with lower SF-12 physical and mental scores and more severe pain symptoms after
stratifying for endometriosis phenotype and despite no differences in terms of post-surgery
hormonal medical treatment.

Generally, endometriosis has been considered as a disease of Caucasian and middle-class
women who delayed children-bearing and, at the beginning, the majority of the studies were
performed in Caucasian population. In the last years, a number of studies have been published on
the Chinese population and differences in genetic mutations that predispose Asian and Western
populations to endometriosis have been found (Dai et al., 2018). Furthermore, genome wide
association studies reported that among North Chinese polymorphisms in rs12700667 located
within the intergenic region of 7p15 are associated especially with an elevated risk of OMA, which
is consistent with the higher incidence of OMA found in our study (Li et al., 2017). On the
contrary, the Italian group showed more frequently DIE and mixed phenotypes, which is consistent
with worse pain symptoms and lower QoL scores (Koninckx ef al., 2012; Montanari et al., 2019).
We may hypothesize that this finding may be due to a more accurate pre-operative imaging
diagnosis, which contributes to the laparoscopic identification of deep lesions and to the adequate
site-mapping of endometriosis (Exacoustos, Malzoni, et al., 2014). A number of Italian
gynecologist devoted to endometriosis management are themselves experts in imaging for
endometriosis, which improves the pre-operative diagnosis, especially of DIE lesions (Exacoustos
et al., 2017). This difference may account for an underestimation of DIE in the Chinese. However,
the higher incidence of OMA among Chinese is in line with previous reports (Hu ef al., 2012), and
it is also consistent with their better QoL, given the lower association of this phenotype with pain
symptoms, if DIE is not associated (Chapron ef al., 2012). Conversely, the DIE phenotype is more
frequently linked to a more severe and aggressive clinical presentation, due to specific pathogenic
mechanisms such as a highly decreased apoptosis, an increased proliferation activity related to
oxidative stress, a higher expression of metalloproteinases and activins for invasiveness and a
relevant activation of neuroangiogenesis in ectopic endometrial lesions, compared to other

phenotypes (Tosti et al., 2015).
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Furthermore, the two groups have significantly different baseline characteristics, such as
younger age at diagnosis and more comorbidities in Italian women. No differences were found in
terms of indications for surgery, with a similar rate of pain symptoms or imaging findings (i.e.
adnexal mass) among the two groups. In addition, the study involved only referral hospitals for
endometriosis with expertise in both surgical and medical treatment of the disease. Their protocols
for endometriosis management were similar, following international guidelines (Alio et al., 2019;
Dunselman et al., 2014): depending on age, pregnancy desire, pain symptoms, endometriosis
phenotype and each woman’s wishes, an individualized management was planned. Younger age at
surgery may denote, on one hand, a more aggressive presentation of the disease, whereas on the
other it may contribute to more severe symptoms and worse QoL in Italian women with
endometriosis (Lazzeri, Vannuccini, et al., 2015a). A more relevant impact of endometriosis in
Italian than Chinese women may be also explained by the difference in the medical approach, in
the access to health care, in the acceptance to medical treatment between the two populations. Our
study showed that Chinese underwent less frequently to a pre-operative medical hormonal
treatment, whereas the rate of post-surgical hormonal treatment was approximately the same.
Given the low pain scores and the better quality of life in Chinese compared to Italian group in our
study, a potential role played by the Traditional Chinese Medicine (TCM) should be considered.
TCM is commonly used in China to provide pain relief control, the recurrence of endometriosis
following surgery, and to improve QoL (Su et al., 2014; Zhao, Hao, et al., 2013; Zhao, Liu, et al.,
2013; Zhu et al., 2014). TCM users were also less likely to require surgical treatment for
endometriosis than non-users (Su ef al, 2014) and among those operated was effective in
controlling recurrences (Zhao, Hao, et al., 2013; Zhao, Liu, et al., 2013). However, although TCM
is often used for the management of endometriosis patients, there is a lack of high quality clinical
evidence supporting its effectiveness compared to other medical treatments. However, as data on
the use of TCM missing in our data, its potential role in contributing to pain control and to
postpone first surgical intervention should be taken into account.

In other multicenter studies it was shown that ethnicity influenced the access to health care,
diagnosis and treatment for endometriosis (Bougie, Yap, et al., 2019), thus, as a exposure factor,
ethnicity throws its effect on clinical presentation and management through social and cultural
constructs rather than genetics (Yudell e al., 2016). Various components of pelvic pain are the
primary symptoms of endometriosis and several studies support that individual conceptualization of
pain may be affected by different social cultures in different races (Frisch, 2014; Kwok and
Bhuvanakrishna, 2014; Yudell ef al., 2016). Asian patients tend to normalize pain, while Caucasian

patients more likely to seek health care positively (Campbell and Edwards, 2012). A cross-country
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study reported that the incidence and the intensity of pain symptoms were significantly lower in
Chinese population than Russia and France (Chapron ef al., 2016). In our study, Italian patients
with endometriosis suffered more from severe pelvic pain than Chinese women, suggesting a
different cultural background rather than actual pain conceptualization. Also the different health
system organization, with less coverage for outpatient clinic and primary care in China determining
a less request for medical care, entails a diverse approach to such a chronic and multifaceted
disease.

Furthermore, Italian women presented more commonly with systemic comorbidities, especially
inflammatory diseases and mental health disorders (such as depression and anxiety). On the
contrary, in the Chinese population, the most common comorbidities were gynecological (PCOS,
uterine fibroids). Despite the prevalence of comorbidities resulted significantly different between
the two groups, the diagnostic criteria of each disorders was well defined according to the current
and updated guidelines, which stands for all over the world. Furthermore, the systemic comorbidity
reported by the patient during medical history collection was always confirmed by reviewing
medical records. Regarding the potential differences between Italy and China overall in terms of
incidence of comorbidities, according to the current relevant literature there are no significant
differences between the two population in terms of baseline incidence of autoimmune,
inflammatory and metabolic diseases (Li ef al., 2019; Ng et al., 2013). Besides, data on
comorbidities among Italians are consistent with figures reported in already published studies on
endometriosis (Bungum et al., 2014; Chiaffarino et al., 2020; Kvaskoff et al., 2014; Parazzini et al.,
2017; Shigesi et al., 2019). The different distribution of comorbidities with endometriosis in the two
population suggested a different spectrum of diseases under different society and culture. A better
identification of systemic comorbidities should be taken into account in Italian group, because of
the presence of a multidisciplinary team - including an immunologist, a gastroenterologist, a
psychiatrist, a dietician, a neurologist, a pain specialist and a physical therapist - in the Italian
Endometriosis centers. However, figures from Italians are absolutely in line with those reported in
studies on cohorts from all over the world on women with endometriosis. A better investigation on
systemic comorbidities among Chinese may be desirable in order to identify potential diseases
accompanying endometriosis, in order to better explain clinical presentation and to plan a fully
comprehensive treatment (Teng et al., 2016). This would also allow to increase the awareness of
endometriosis among specialists of other disciplines. Moreover, these comorbidities were mostly
diagnosed before endometriosis, suggesting a complex inner correlation between a number of

systemic diseases and predisposition to endometriosis development. However, given the cross-
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sectional study design and a short time period of observation since the first operation for
endometriosis, it is not possible to account for potential comorbidities would have developed later.

SF-12 is a validated instrument for quantifying the Health-Related Quality Of Life (HRQOL)
and higher scores on the SF-12 physical component summary (PCS) and mental component
summary (MCS) indicate better quality of life. The SF-12 scores of PCS and MCS were
significantly higher in Chinese than in Italian patients with endometriosis, suggesting that the QoL
in the Chinese patients resulted better than in the Italian patients and this does not depend on the
phenotype of endometriosis. In fact, after stratifying for DIE and OMA phenotype, data on pain
symptoms intensity and QoL among Chinese women were still better than in the Italian Group. As
already mentioned, a potential role of TCM should be considered, even though no data are available
on that variable. Probably, the better scores among Chinese patients are in part related to the lower
number of comorbidities in the Chinese women, suggesting a possible poor attention to this kind of
questioning when clinical history was collected. A study reported that QoL was independently
associated with more severe dysmenorrhea and more severe chronic pelvic pain, but not with higher
ASRM stage (Facchin et al., 2015; McPeak et al., 2018). A correlation between different
phenotypes of endometriosis and levels of stress perception was observed (Lazzeri, Orlandini, et al.,
2015; Luisi et al., 2015), suggesting a possible association between the forms of endometriosis and
impact on QoL. Besides, the presence of psychiatric diseases was related to endometriosis-
associated pain but not with lesions localization (Eriksen et al., 2008; Sepulcri Rde, 2009). It is
clear that the adverse effect of endometriosis on QoL are related to various factors, including
pain/discomfort symptoms, infertility and high intensity of stress perception (Lazzeri, Orlandini, et
al., 2015; Nnoaham et al., 2011a; Reis, Coutinho, Vannuccini, Luisi, et al., 2020). In addition,
ethnicity may affect quality of life of endometriotic patients through different pain
conceptualization and access and acceptance to health care.

Some limitations and strengths of the study should be acknowledged. The study included only
women with endometriosis who underwent first surgery in referral centers for endometriosis.
Currently a large number of patients with endometriosis are only medically treated with good
results and the first-line approach for endometriosis symptoms should be medical treatment
(Vercellini et al., 2018). However, the study is focused only on those with a previous surgical
operation for endometriosis, so our results cannot be applied to all endometriosis-affected women.
The choice of including only women with histological diagnosis of endometriosis aimed to have
strict criteria of inclusion for the centers involved in the research. in order to minimize bias due to
different imaging techniques and no universally shared diagnostic criteria for the non-invasive

diagnosis of each phenotype of endometriosis. Women with history of multiple surgery were
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excluded, in order to reduce the impairment of QoL due to repeated surgery, relapses and
recurrences. In addition, as the study is cross-sectional it is not possible to predict which
comorbidities would have developed as time passes.

Based on the results, in young women with comorbid diseases and mild symptoms, the possibility
of endometriosis should be considered in order to not delay the diagnosis of endometriosis.
Moreover, more and more patients with endometriosis-associated pain required a better treatment of

the various comorbidities in order to improve their quality of life.
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4.3  Endometriosis and gynecological comorbidities

4.3.1 Research study 2

Ultrasound findings in infertile women with endometriosis:

evidence of concomitant uterine disorders

Aim of the study

Epidemiological data show that endometriosis is observed in 50% of infertile women
(Tomassetti and D’Hooghe, 2018), but no data exist on the coexistence of adenomyosis and uterine
disorders in those patients. Adenomyosis is the presence of endometrial glands and stroma into the
myometrium, causing pain and abnormal uterine bleeding (Chapron et al., 2020; Vannuccini and
Petraglia, 2019). Data obtained from surgical dataset showed a prevalence of adenomyosis in
women with endometriosis ranging between 20% and 80% (Chapron et al., 2017; Di Donato et al.,
2014; Lazzeri et al., 2014). These data were collected pre-operatively by TVUS or MRI. No study
investigated the prevalence of adenomyosis in women with endometriosis, referred to infertility
clinics, independently from the surgical treatment.

Similarly, imaging studies are available on the prevalence of uterine fibroids in
endometriosis, originating from surgical and histological reports in perimenopausal women. Uimari
et al (Uimari et al., 2011) detected uterine fibroids in 25.8% of patients undergoing surgery for
endometriosis and, conversely, in 19.6% of patients operated for uterine fibroids. According to
another surgical report, premenopausal women requiring an hysterectomy for benign uterine
disorders had endometriosis and adenomyosis in 40.4%, endometriosis and uterine fibroids in
22.7%, both conditions in 34.1% (Naphatthalung and Cheewadhanaraks, 2012). In a similar report
on women undergoing surgery for benign gynaecologic disease, the coexistence of endometriosis
with uterine fibroids, adenomyosis, and benign ovarian cysts were 28%, 43.5%, and 50%,
respectively (Tanmahasamut ef al., 2014). Coexisting uterine fibroids and endometriosis were
identified in 21.2% of patients undergoing laparoscopy myomectomy (Maclaran et al., 2014), but
no data are available on the sonographic association between endometriosis and uterine fibroids in
infertility clinics.

The aim of the present study was to evaluate the sonographic prevalence of adenomyosis and

uterine fibroids in patients with endometriosis at different age intervals in an infertility center.
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Materials And Methods

A retrospective cohort study was performed on women with clinical or ultrasound suspect of
endometriosis, referred from 2015 to 2018 to our Endometriosis outpatient clinic during the
infertility work-up (Careggi, University Hospital, Florence, Italy). They underwent a further TVUS
evaluation performed by expert sonographers (n=586). The included cases were infertile women in
reproductive age (25-52 years old) with ultrasound evidence of endometriosis lesions. Clinical and
US reports and images were reviewed and an electronic database was built.

Ultrasonography was performed by using two ultrasound machines (Voluson E8, GE) and a
transvaginal probe (5-7.5 MHz) (RIC 6-12-D, GE) by three gynaecologists with high level expertise
on gynaecological US. During the examination, uterus, adnexa and pelvic compartments (anterior,
posterior and recto-vaginal) were assessed. Presence and localization of endometriosis (OMA and
DIE), as well as the presence of uterine fibroids or adenomyosis, were evaluated and described
according to IDEA (International Deep Endometriosis Analysis) (Guerriero et al., 2016), MUSA
(Morphological Uterus Sonographic Assessment) (Van Den Bosch et al., 2015) and IOTA
(International Ovarian Tumor Analysis) consensus (Van Holsbeke et al.,, 2010). Those are
statements on terms, definitions and measurements that may be used to describe and report the
sonographic features of endometriosis, myometrium and ovarian masses, respectively.

OMA lesions were described according to IOTA criteria, identifying the ultrasound-
homogeneous ‘tissue’ with homogeneously dispersed echogenic cystic contents (‘ground glass’
appearance) (Van Holsbeke et al., 2010). DIE lesions were described according to IDEA criteria
(Guerriero et al., 2016). Anterior compartment DIE ultrasound appearance included hypoechoic
linear or spherical lesions, with or without regular contours involving the muscolaris or submucosa
of the bladder. In the posterior compartment DIE lesions can appear as hypoechoic thickening of the
wall of the bowel or vagina or ad hypoecoic solid nodules with smooth or irregular contours.

Uterine fibroids and adenomyosis were described according to MUSA criteria (Van Den
Bosch et al., 2015). Ultrasound appearance of fibroids is typically described as a well-defined round
lesion within the myometrium or attached to it, often showing shadows at the edge of the lesion
and/or internal fan-shaped. On color- or power-Doppler imaging, circumferential flow around the
lesion is often visible. Size, localization and types of uterine fibroids were described.

Adenomyosis was described as diffuse, if present in the myometrium as dispersed, or focal,
if forming a confined lesion. In case it was present as a large cyst a cystic adenomyosis was
identified. Both 2-dimensional (2D) and 3-dimensional (3D) features of adenomyosis were used:
enlarged uterus with myometrial anteroposterior asymmetry; junctional zone (JZ) thickened (regular

or irregular) and/or interrupted; myometrial lesions with ill-defined outline, shape and/or contour;
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no rim; no edge shadows or fan-shaped shadowing; non uniform/mixed echogenicity with cyst and
translesional vascular flow (Van Den Bosch et al., 2015).

A total number of 419 patients with US confirmed endometriosis were included in the study.
Histological confirmation of endometriosis was not considered an inclusion criterion to the study,
only a small percentage of women had history of previous surgery for endometriosis (12%), as most
of women were a first referral for a clinical or sonographic suspect of endometriosis. The flowchart
of study population and the subgroups according to endometriosis phenotypes are shown in Figure
1. We described the uterine disorders characteristics and the presence of gynaecological
comorbidities in Table 1. The ultrasound coexistence with uterine fibroids and/or adenomyosis was
investigated and the study group was subdivided in 3 groups of patients according to age (<35years;
35>years>45; >45 years). In particular we evaluated whether the prevalence of uterine fibroids and
adenomyosis was different in the three subgroups and whether age influenced the coexistence of
endometriosis and uterine disorders. Moreover we compared the endometriosis phenotype
prevalence (OMA, DIE or both) in the three subgroups. Finally, we analysed if a particular
endometriosis phenotype (OMA, DIE or both) was associated with uterine fibroids and
adenomyosis, independently of age. We have not evaluated the influence of lesions size on the
variables analysed because, with the exception of OMA, the measurements are not standardized and
poorly reproducible. Similarly, the reported history of multiple and temporally heterogeneous
medical treatments did not allow to obtain reliable results on the influence of previous interventions
on uterine comorbidities prevalence. The study follows the principles of the Declaration of
Helsinki. Participants gave written informed consent for participating in the study. Continuous and
binomial variables were collected and an electronic database was analysed by using SPSS (SPSS
22.0 version). ANOVA test and y* test were used as appropriate. Significance level was stated at

<0.05

Ultrasound
confirmed
endometriosis

419/586

— L By

Ovarian endometriosis Deep infiltrating - s
endometriosis Ovarian and deep |r|f||trat|ng
(OMA) (DIE) endometriosis
o 86 (20.5%
244 (58.2%) 89 (21.2%) ( )

Figure 1. Flow chart with of study population.

35



Results

US prevalence of uterine disorders in patients with endometriosis is shown in Table 1. In these
patients, uterine fibroids were present in 3.1% of cases, whereas adenomyosis in 21.2%. The co-
existence of fibroids and adenomyosis was reported in the 14.6% of patients.

The majority of fibroids were intramural (11.7%), whereas submucous fibroids were the rarest
(1.2%), Subserous myomas were 8.6% of the total. Uterine congenital malformations were present
in only 5 patients (1.2%).

Comparing the prevalence of gynecological comorbidities according to age, patients aged>35 years
were more likely to be affected by uterine fibroids (p=0.003), adenomyosis (p=0.030) or both
uterine fibroids and adenomyosis (p<0.0001). No statistically significant association was found
between endometriosis phenotypes and uterine disorders.

Furthermore, no association was observed between patients’ age and endometriosis phenotype

(Table 2 and Table 3).

Table 1. Gynecological comorbidities in patients with ultrasound diagnosis of
endometriosis.

Characteristics

Mean age (years) 356+8.0
Uterine disorders comorbidities

a. Uterine fibroids 13/419 (3.1%)
b. Adenomyosis 89/419 (21.2%)
c. Both fibroids and adenomyosis 61/419 (14.6%)
Type of uterine fibroids

a. Submucous 5 (1.2%)
b. Intramural 49 (11.7%)
. Subserous 36 (B.6%)
Uterine congenital malformations

a. Yes 5/419 (1.2%)
b. No 414/419 (98.8%)
Polycystic ovary ultrasound appearance

c. Yes 39/419 (9.3%)
d. No 380/419 (90.7%)

Table 2. Uterine disorders in women with endometriosis according to age intervals.

Age <35 years Age 35 > and < 45 years Age = 45 years
n="192 (45.8%) n=183 (43.7%) n=44 (10.5%) p value
Uterine congenital malformations 4 (2.1%) 1 (0.5%) 0 (0%) 291
Endometriosis phenotypes
OMA 108 (56.2%) 113 (61.7%) 23 (52.3%) 390
DIE 39 (20.3%) 40 (21.9%) 10 (22.7%) 805
Both OMA and DIE 45 (23.4%) 30 (16.49%) 11 (25%) 178
Uterine disorders comorbidities
Uterine fibroids 0 (0%) 11 (6%) 2 (4.5%) 003
Adenomyosis 30 (15.6%) 49 (26.8%) 10 (22.7%) 030
Both uterine fibroids and adenomyosis 13 (6.8%) 34 (18.6%) 14 (31.8%) <0001
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Table 3. Uterine disorders in women with endometriosis according to phenotype.

Ovarian endometriosis (OMA)  Deep infiltrating endometriosis Both OMA and DIE
n=244 (58.2%) (DIE) n =89 (21.2%) n==86 (20.5%) p value
Uterine congenital 3 (1.2%) 1 (1.1%) 1 (1.2%) 996
malformations
Uterine disorders comorbidities
Uterine fibroids 7 (2.9%) 2 (2.2%) 4 (4.7%) 623
Adenomyosis 58 (23.8%) 14 (15.7%) 17 (19.8%) 264
Both uterine fibroids and 38 (15.6%) 14 (15.7%) 9 (10.5%) 482

adenomyosis

Discussion

The present study evaluated the sonographic coexistence of uterine disorders (adenomyosis and
uterine fibroids) in patients with endometriosis referred for infertility. We have observed that
patients aged>35 years were more likely to be affected by uterine fibroids, adenomyosis or both
disorders.

TVUS allows the non-invasive diagnosis of adenomyosis, whereas in the past the diagnosis
was made on histological examination after hysterectomy (Vannuccini and Petraglia, 2019). In
addition, TVUS is a relatively accessible imaging modality and it has an increasing role in the
management of patients with adenomyosis (Andres et al., 2018). TVUS is the first level method to
diagnose also uterine fibroids. In the 2015, the MUSA group described the features that can be used
in the differential diagnosis between the two conditions (Van Den Bosch et al., 2015).

Adenomyosis is often associated with pelvic endometriosis and seems to be more frequent
in severe forms of disease. In fact, a recent study on pre-surgical US evaluation of reproductive age
women before undergoing laparoscopic surgery for pelvic pain described a strong association
between uterine adenomyosis and stage IV endometriosis (Dior ef al., 2019). Similar to previous
studies (Di Donato et al., 2014), we found that a prevalence of isolated adenomyosis in patients
with pelvic endometriosis was 21.2%. The association between uterine fibroids and endometriosis is
less clear, even if the histological prevalence of uterine fibroids in women with endometriosis
ranges between 20% and 30% (Naphatthalung and Cheewadhanaraks, 2012; Tanmahasamut ef al.,
2014).

The majority of studies evaluating the association between uterine disorders and
endometriosis are based on pre-surgical assessment of patients with pelvic endometriosis or uterine
fibroids. Concerning adenomyosis, Di Donato et al showed a prevalence of 21.8% in patients
undergoing surgery for endometriosis, detecting a statistically significant association with parity,

age, dysmenorrhea intensity and the presence of DIE (Di Donato et al., 2014, 2015).
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A higher prevalence of adenomyosis was found by Eisemberg et al, who observed a 89.4%
prevalence of US signs of adenomyosis in women with history of surgery of endometriosis
(Eisenberg ef al., 2017). On the contrary, Lazzeri et al found a 47.8% prevalence of adenomyosis in
women with DIE, influencing significantly the pre- and post-surgical dysmenorrhea severity
(Lazzeri et al., 2014). A similar prevalence of adenomyosis (59.9%) was detected by using MRI in
symptomatic women younger than 42 years, undergoing surgery for benign gynecological
pathologies (Chapron et al, 2017). Finally, Naftalin et al observed a 20.9% prevalence of
adenomyosis by using TVUS in a general population of patients attending a gynecological clinic.
Adenomyosis was associated to an older age, higher gravidity and parity and presence of pelvic
endometriosis (Naftalin ef al., 2012).

Considering uterine fibroids, Ujmari et al showed a 25.8% prevalence in patients operated
for endometriosis, while in patients undergoing surgery for fibroids the prevalence of endometriosis
was 19.6% [9]. A modest further increased prevalence of endometriosis in surgery for fibroids was
detected by Tanamhasut (28%) (Tanmahasamut et al., 2014). Endometriosis was more common in
those with subfertility and less common in those with bleeding disorders (Maclaran et al., 2014).

Endometriosis, uterine fibroids and adenomyosis can affect fertility in different ways.

Endometriosis related infertility is associated to ovarian damage and alteration of pelvic cavity due
to inflammation and adhesions with distortion of pelvic architecture, inflammatory changes in
peritoneal fluid and altered endometrium (De Ziegler et al., 2010).
The prevalence of infertility in women with endometriosis is very high and the disease is one of the
main causes of female infertility. The monthly fecundity rate in endometriosis is reduced from 15-
20% to 2-10%; an advanced stage of disease correlates with a greater decline of this rate. In patients
undergoing laparoscopy for infertility, the prevalence of endometriosis is at least 30%, confirming
the relevant impact on women's life of the disease (Tomassetti and D’Hooghe, 2018).

Adenomyosis can causes infertility by causing aberrant uterine contractility, abnormal
myometrial activity and deranged endometrial milieu with altered expression of implantation
factors (Vannuccini, Tosti, et al., 2017). Adenomyosis seems to affect fertility in a very strong way
even in the absence of endometriosis, as described by a pioneer study in baboons (Barrier et al.,
2004) and then confirmed in subsequent reports in humans, even though the level of evidence and
the epidemiological available data are still not strong enough to draw firm conclusions (Soliman,
Fuldeore, et al., 2017; Tomassetti et al., 2013).

Uterine fibroid are present in 5-10% of infertile women, but they represent the unique cause of
infertility only in 2-3% (Vlahos et al., 2017). These data suggest that other mechanisms, such as

endometriosis, can interfere with fertility in women with uterine fibroids. Uterine fibroids may
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determine distortion of the uterine cavity, alteration to the endometrial and myometrial blood
supply, deviation or obstruction of the tubal ostia, alteration of the tubo-ovarian anatomic relation,
chronic endometrial inflammation, impairing implantation (Zepiridis et al., 2016). Considering the
relevance of endometriosis in affecting fertility, the coexistence of other uterine disorders would
interfere and possibly worsen the chance of conception, especially in those requiring ART. The
understanding of concomitant gynecological conditions affecting fertility may allow a more
comprehensive counselling and a better plan for fertility desire. The identification of coexistent
uterine fibroids or adenomyosis allows to plan a pretreatment, either medical or surgical, before
ART.

Some limitations need to be acknowledged, as the study has a retrospective design and there
are no controls. However, the research is one of the few US reports on the prevalence of coexistent
uterine disorders in endometriosis, considering also fibroids. The results provide an epidemiological
overview in infertile women with endometriosis. In addition, all the US have been performed by
expert sonographer, using the same terminology and features to define a diagnosis.

In conclusion, we would like to reiterate the importance of US assessment in the evaluation
of endometriosis, recommending to pay particular attention to eventually associated uterine
disorders, such as uterine fibroids and adenomyosis, for a better management of the patient. This is
crucial in the infertility clinic, where a global evaluation determines the choice of the correct
treatment for conception and favorable pregnancy outcome. Moreover, the coexistence of
endometriosis and uterine disorders may have significant implications for patient care and
consequent medical and/or surgical treatment, independently from the desire to conceive.

TVUS is the first line imaging technique for the evaluation of suspected endometriosis and
associated uterine disorders (uterine fibroids and adenomyosis). In fact, it permits the
characterization of OMA and DIE lesions, as well as adenomyosis and uterine fibroids, driving the
clinician to the correct approach. One of the main limit of TVUS is that SUP cannot be visualized.
In case of diagnostic uncertainty, the prescription of continuous hormonal treatment can be used as
clinical test, avoiding unnecessary diagnostic laparoscopies. In infertility management, TVUS is
necessary in the choice of the correct and patient-oriented treatment, considering endometriosis,
uterine disorders and other gynecological comorbidities. This diagnostic techniques helps the
clinician in the selection of surgical or ART approach, considering an huge amount of variables, for
example the endometriosis phenotype and pelvic anatomy, the ovarian reserve, the presence of
fibroids distorting the uterine cavity and many others (Chapron et al., 2019; Muzii et al., 2017,
2020).
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Personalized treatment is fundamental and the correct therapy is not the same for every patient,

above all in a complex disease such as endometriosis.
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4.4  Endometriosis and quality of life

Quality of life (QoL) is defined as a multi-dimensional construct of the individual perception
of one’s position in life in the context of culture and value systems in relation to goals, expectations,
standards, and concerns (The World Health Organization quality of life assessment (WHOQOL):
Position paper from the World Health Organization, 1995). It is affected in a complex way by the
person’s physical health, psychological state, level of independence, social relationships, beliefs.
Endometriosis has been reported to deteriorate multiple domains in women’s lives, including daily
activities, social relationships, family planning and work productivity (Culley et al., 2013).

The SF-36, a questionnaire for general QoL, consists of 36 items in eight domains: physical
functioning; role-physical; bodily pain; general health; vitality; social functioning; emotional; and
mental health. It has been validated in women with endometriosis and is an useful tool for the
assessment of QoL. Scores range from 0 to 100, with higher scores indicating better QoL (Ware and
Sherbourne, 1992).

The SF-12 is a subset of the SF-36 that measures the same eight domains with reduced
length. It is a practical alternative for the SF-36, especially in the overall physical and mental health
outcomes, and yields two different global scores: Physical Component Summary (PCS) and Mental
Component Summary (MCS) (Gandek et al., 1998).

The QoL assessment instrument WHOQOL-bref is a brief questionnaire comprising 26
items, including two items for overall QoL and general health, and another 24 items categorized in
four broad domains (physical, psychological, social, and environmental health). Scores for each
item range from one to five, with the highest score indicating the best QoL for the corresponding
item (The World Health Organization quality of life assessment (WHOQOL): Position paper from
the World Health Organization, 1995).

The EQ-5D is generic instrument that includes five dimensions: mobility, self-care, daily
activities, pain, and emotional well-being (depression or anxiety). Each item is scored based on a
three-point scale, and the EQ-5D score is calculated by their sum, resulting in scores ranging from 0
(best possible status) to 10 (worst possible status) (Touboul et al., 2013).

QoL in patients with endometriosis may also be assessed using disease-specific
questionnaires, such as the EHP-30. This is a self-reported questionnaire consisting of a core
instrument made up of 30 items covering pain, control and powerlessness, emotional well-being,
social support, and self-image; and a modular part with a total of 23 items distributed in six areas:
work, relationship with children, sexual relationship, feelings about medical profession, feelings

about treatment, and feelings about infertility. Each scale is standardized on a score ranging from 0
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to 100, where the lowest score represents the best health status. The EHP-5, on the other hand, is a
shorter version consisting of five items in the core and six items in the modular questionnaire,
which has been proven as reliable in settings where a less time-consuming instrument is required
(Aubry et al., 2017).

The perceived stress questionnaire (PSQ) specifically measures stress in clinical psychosomatic
research, and consists of 30 questions that correlate with symptomatic complaints and health
outcomes (Levenstein et al., 1993). In turn, the perceived stress scale (PSS) is a self-reported survey
with 14 items, used to measure the characteristics of feelings and thoughts related to one’s
perception of stress (Cohen et al., 1983).

The symptoms associated with endometriosis are known to exert substantial burden on the
lives of women with endometriosis and their families. A systematic review of 20 health-related
quality-of-life (HRQOL) studies showed that endometriosis was associated with pain and
significant impairment of psychological and social functioning (Jia et al., 2012). Diagnostic delay is
significantly associated with reduced HRQOL, even after adjustment for number of symptoms.
Each woman with endometriosis loses on average 11 hours of work per week, mainly owing to
reduced effectiveness while working rather than absence from work, measured using the Work
Productivity and Activity Index (WPAI), which is a tool to assess the effect of symptoms on
effectiveness at and absence from work and ability to carry out other non-work activities (Fourquet
et al., 2011). As a consequence, endometriosis has a substantial socio-economic effect on the
individual and on society in general. The average annual costs and HRQOL per woman with
endometriosis-associated symptoms were calculated as €9,579, with two thirds of this sum solely
owed to the loss of productivity (Simoens et al., 2012).

Furthermore, many women with endometriosis are likely to have significant concerns about
their fertility. These concerns could be expected to increase both anxiety and pain catastrophising
(an exaggerated negative response in anticipation of pain ) thereby amplifying the pain experience.
Similarly, the association of endometriosis with dyspareunia could be expected to increase
psychological distress in these women. Furthermore, if this symptom significantly impacts on their
relationship, both self-esteem and social support may be reduced, potentially further worsening their
pain experience (Culley et al., 2013). It is plausible that these central changes contribute to the well-
established disparity between the extent of disease observed at laparoscopy and the pain
experienced and to the persistence of pain despite adequate surgical treatment.

Thus, multifactorial impacts of endometriosis span the life course of affected women, from
the point of symptom onset onward through decades of a woman’s life. Endometriosis (and its

associated symptoms) has been shown to hamper educational attainment, hinder work productivity,
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alter career choices and success, impair social life and activities, affect family choices, induce strain
in personal relationships, negatively influence mental and emotional health, and adversely affect
QoL. These multiple and pervasive effects are anticipated to materially alter the life-course

trajectory of women with endometriosis (Missmer ef al., 2021).
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4.4.1 Surgical treatment

4.4.1.1 Research study 3:

Surgical treatment of endometriosis: prognostic factors for better quality of life

Aim of the study

Endometriosis is a chronic benign disease that affects women in the reproductive age
(Greene et al., 2016; Zondervan, Becker, Koga, Missmer, Taylor, and Vigano, 2018), with a
negative impact on quality of life (QoL) due to painful symptoms, infertility and high levels of
perceived stress (Lazzeri, Orlandini, et al., 2015; Nnoaham et al., 2011b; Petrelluzzi et al., 2008).
Medical therapy and surgical interventions are available for the management of endometriosis
(Bedaiwy et al., 2017; Rafique and Decherney, 2017; Vercellini et al., 2014). Laparoscopy is
prescribed in patients with painful symptoms and subfertility in order to remove endometriotic
lesions and adhesions and restore the pelvic anatomy (Flyckt et al., 2017; Macer and Taylor, 2012;
Tanbo and Fedorcsak, 2017). Surgery is required also for patients with contraindications or poor
response to medical therapies, for acute pelvic pain events and to make differential diagnosis with
malignant adnexal mass (Singh and Suen, 2017). However, as a chronic and heterogeneous disease,
endometriosis is seldom treated just once with a definitive therapeutic approach (Sibiude et al.,
2014) and requires a life-long management plan (Kuznetsov et al., 2017).

Recurrence of symptoms or lesions is highly concerning in patients who have undergone
surgery for endometriosis (Bozdag, 2015; Koga et al., 2015). The surgical treatment is planned to
remove the disease as completely as possible, but residual foci may be left behind due to incomplete
diagnosis, technical difficulties and conservative surgical interventions often performed in young
patients who wish to conceive (Alimi et al., 2018). In addition, new lesions may arise and reactivate
the disease after a temporary therapeutic achievement (Guo, 2009; Singh and Suen, 2017). The best
indicator of a successful surgical treatment of endometriosis is a complete and durable symptom
relief, with the achievement of good physical and mental health (Arcoverde et al., 2019). This
outcome depends on the completeness of the surgical treatment, but other prognostic factors may
also be relevant in order to offer the best information to patients undergoing surgery.

The aim of the present study was to investigate whether there is any association between
specific features of women with surgically treated endometriosis and impaired post-surgery QoL,

measured by the SF-12 questionnaire.
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Materials and Methods
Study Design

A prospective survey was performed including 153 premenopausal women at mean age 36 +
3 years old, and regular BMI (22 + 2,0 Kg/m®) with surgical and histological diagnosis of
endometriosis. Data were collected after routine outpatient care at the Gynecologic Clinic of the
University of Siena/ Italy, by using our Endometriosis Archiving Software (ENEAS) database
(Centini et al., 2017), and validated through review of medical records of all participants. The study
was approved by the local Institutional Review Board and all participants provided written
informed consent to be included in the series.

The database contained all information about: a) demographic and clinical characteristics
(age, BMI, age at menarche, age at diagnosis of endometriosis, current pelvic pain severity); b)
surgical treatments (age at each operation, localization of endometriotic lesions at first surgery,
surgeon expertise and type of surgical technique at first operation, post-operative medical therapy,
total number of surgeries and time since first surgery); c) recurrence of lesions (identified by
imaging or surgical visualization and/or histology) or symptoms (dysmenorrhea, dyspareunia, non-
cyclic pelvic pain). The current pelvic pain severity was assessed by Visual Analogue Scale (VAS)
and defined as no pain (VAS <4), mild pain (VAS 5-6), moderate pain (VAS 6-7), severe pain
(VAS =8). The localization of endometriotic lesions was classified according to the three

phenotypes: OMA, SUP, DIE and mixed phenotypes.

Study Protocol

All participants answered to a validated tool for health-related QoL, the Short Form 12 (SF-
12), comprising both mental and physical component scales. This instrument contains 12 items
selected from the SF-36, including at least one item from each of the SF-36 scales. SF-12 scores
correlate strictly with those of SF-36, but SF-12 has the advantages of being shorter and having
country-specific scoring systems adjusted for each population (Gandek et al., 1998).

As in the Italian general population the median physical and mental scores of SF-12 are
reported to be 51.2 and 47.8, respectively , we have used these cut-offs for identifying two groups
among the participants. Group A was composed by patients who had SF-12 scores above the
median in both physical and mental scales, and they were, therefore, considered the patients with a
satisfactory QoL. Group B comprised the patients who presented at least one score (physical and/or
mental) below the medians, and it consisted of the cluster with an impaired QoL. By identifying
these two groups, we aimed to compare if the patients’ characteristics (i.e, demographic and clinical

features, information about the surgery/s and endometriosis recurrence) would differ according to
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the health-related QoL, as measured by the SF-12 questionnaire.

Data evaluation and statistical analysis

Statistical analysis was performed using IBM SPSS Statistics software, version 22 (IBM
Corporation, Armonk, NY, USA). Statistically significant differences between groups were
determined using Mann-Whitney U test and Chi-square test or Fisher's exact test. A p value <0.05
was considered statistically significant.

We performed a stepwise backward logistic regression to assess potential clinical
characteristics independently associated with SF-12 scores. Data are reported as adjusted odds
ratios (OR) with 95 percent confidence intervals (95% CI).

The sample size was estimated to detect differences of at least 0.5 standard deviations in
quantitative variables or 20% in the frequency of categorical variables between groups with 80%

statistical power and 95% confidence level.

Results

In the study sample, the median physical and mental scores of SF-12 were 44 and 35,
respectively, and they did significantly differ to the Italian population normal values (p=0.0001).
The distribution of physical and mental SF-12 scores in the study participants is shown in Figure 1,
which displays also the mean value of the representative sample of the general Italian population

[22]. According to these cut-offs, Group A (n=42) and Group B (n=111) were compared.
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Figure 1. Frequency distribution of SF-12 physical (A) and mental (B) scores of women with endometriosis in the
present study. The dotted lines indicate the mean value of a representative sample of the general Italian population.
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The two groups did not differ in terms of actual age or BMI. However, Group A has been
diagnosed and operated for endometriosis for the first time at an older age (30 vs. 26 years,
p<0.001) and the surgery has been done more recently (82 vs. 115 months, p<0.01) than in Group
B. More patients of Group A had undergone a single surgical intervention (64% vs. 46%, p<0.05)
and Group A was less affected by symptom or lesion recurrence than Group B (Table 1). Current
pelvic pain was less intense in Group A compared to that reported by Group B (Chi-square for

linear trend = 10.9, p = 0.001, Figure 2).
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Figure 2. Proportion of women currently experiencing several degrees of pelvic pain in the two study groups.

As shown in Table 1, Groups A and B differed regarding the endometriosis lesions’
localization. The association of the three phenotypes was more frequently observed in Group B
(p=0.0001). Similarly, coexistent superficial and ovarian phenotypes were more commonly found in
Group B, whereas the presence of DIE lesions alone were more often detected in Group A. There
were no differences in terms of the surgeon who performed the operation (gynecologist, general
surgeon or multidisciplinary team) and the technique used (laparoscopy, laparotomy or both).

Regarding the post-operatory hormonal therapy, Group A underwent more frequently to
GnRH agonist or progestins treatment, whereas in Group B multiple hormonal therapies were
administered (p=0.001). Multivariable logistic regression indicated that having the first
endometriosis surgery at a later age was an independent predictor of better health status (adjusted
odds ratio 1.146 per year, 95% confidence interval 1.058 to 1.242, p=0.001) after accounting for the

potential confounding effects of reoperation and non-cyclic pelvic pain (Table 2).
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Table 1. Clinical characteristics of the study groups.

Group A (n=42) GroupB(n=111) P value

Age (years) 36.6+4.4 36.1+£7.0 0.230
BMI (Kg/m?) 21.9+2.6 22.1+34 0.868
Age at menarche (years) 12.1+£0.8 125+14 0.052
Age at first surgery (years) 304+5.5 26.5+5.0 0.000
Lesions at first surgery

SUP only 6 (14%) 6 (5%) 0.000

OMA only 15 (36%) 51 (46%)

DIE only 6 (14%) 0 (0%)

SUP + OMA 3 (7%) 18 (16%)

SUP + DIE 3 (7%) 3 (3%)

OMA + DIE 6 (14%) 12 (11%)

SUP + OMA + DIE 3 (7%) 21 (19%)
Surgeon

Gynecologist 33 (79%) 90 (81%) 0.481

General surgeon 3 (7%) 3 (3%)

Multidisciplinary team 6 (14%) 18 (16%)
Technique

Laparoscopy 33 (79%) 93 (84%) 0.477

Laparotomy 6 (14%) 15 (13%)

Both 3 (7%) 3 (3%)
Post-operative medical therapy

None 9 (21%) 24 (22%) 0.001

GnRH agonist 13 (36%) 21 (19%)

Progestin 15 (36%) 30 (27%)

Combined hormonal contraceptive 3 (7%) 12 (11%)

Multiple hormonal therapy 0 (0%) 24 (22%)
Time since first surgery (months) 82+ 51 115+69 0.003
No. of surgeries 1.6 +0.9 20+1.2 0.047
Two or more surgeries (n, %) 15 (36%) 60 (54%) 0.042
Recurrence of pain (n, %)

Dysmenorrhea 21 (50%) 75 (68%) 0.047

Dyspareunia 9 (21%) 27 (24%) 0.704

Non-cyclic pelvic pain 12 (29%) 57 (51%) 0.010
Recurrence of lesion (n, %) 21 (50%) 75 (68%) 0.047

Group A: women with SF-12 scores above the median in both physical and mental scales.
Group B: women with SF-12 scores below the median in either physical or mental scale.
SUP = superficial peritoneal endometriosis; OMA = ovarian endometrioma; DIE = deep infiltrating endometriosis
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Table 2. Multivariable logistic regression for variables possibly associated with good health status, defined as SF-12
above the median (Group A).

Variable Adjusted OR 95% CI P value
Age at first surgery (per year) 1.146 1.058 —1.242 0.001
Non-cyclic pelvic pain 0.435 0.271 - 0.698 0.001
Two or more surgeries 0.843 0.313 -2.271 0.735
Discussion

The present study showed that patients with endometriosis and impaired QoL had first
surgery at a younger age, more symptoms recurrence and more reoperations. Therefore, having the
first endometriosis surgery at a later age was an independent predictor of better health condition.

A timely first surgery plays a pivotal role in a life-long treatment of patients affected by
endometriosis and a not well-performed intervention often makes the subsequent one harder.
Cheong et al showed that age is the main factor that influences the likelihood of repeated surgery,
which could be linked to increased aggressiveness of the disease when it occurs in young women or
to a surgeon's tendency to be less radical in the approach of younger patients (Cheong et al., 2008).
The first surgery for endometriosis should be based on pain and desire for pregnancy not responsive
to medical treatment or ART (Singh and Suen, 2017). Asymptomatic young patients who do not
wish a pregnancy in the near future should be informed about the possibility of post-operatory
recurrence and the risks and difficulties related to additional surgeries. In fact, an increased risk of
disease recurrence and repeated operations was found in women having their index surgery before
30 years old (Shakiba et al., 2008). In case of endometrioma, young patients must be also informed
about the possible reduction of ovarian function and ovarian loss, as a result of the surgery
(Berlanda et al., 2010; Chiang et al., 2015; Kho et al., 2018; Nowak-Psiorz ef al., 2019; Santulli et
al., 2016).

Our results showed a higher prevalence of coexistent phenotypes (SUP+OMA;
SUP+OMA+DIE) in women with impaired QoL. Furthermore, those who had a worse QoL have
been submitted to multiple surgical interventions. As shown by Sibiude er al., patients with
previous surgeries for endometriosis are more likely to have DIE and a higher disease stage at the
time of the surgery (Sibiude et al., 2014). Indeed, the number of operations increases the patient's
perceived stress, suggesting an adverse effect of multiple surgeries on mental and psychological
state (Lazzeri, Vannuccini, ef al., 2015b).

Despite the improvement of surgical techniques and the advances in preoperative evaluation

of the extension of the disease (Exacoustos, Malzoni, et al., 2014; Guerriero et al., 2016; Nisenblat
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et al., 2016), the recurrence of endometriosis and the need of repeated surgery remain frequent
outcomes (Berlanda et al, 2010). The reappearance of symptoms and endometriotic lesions
increases over the time and varies according to the subtype of the disease and surgery-related
variables (Bozdag, 2015). The recurrence rates described reach 22% at 2 years of post-intervention
and 40-50% at 5 years, and the probability of a further surgical procedure is about 15-20% (Donnez
and Squiftlet, 2010; Saraswat et al., 2018; Vercellini, Barbara, et al., 2009). The present study
showed that patients with symptoms and lesion recurrence have the worse SF-12 scores, reinforcing
the negative relationship of endometriosis recurrence and physical and mental wellbeing (Culley et
al., 2013). Pain is a crucial symptom in determining the health status, in fact women with chronic
pelvic pain had poorer QoL and mental health (Facchin ef al., 2015). Furthermore, those with
severe pain showed a higher incidence of multiple psychiatric disorders (Vannuccini et al., 2018).

A pivotal role after surgical treatment is played by medical treatment (Rocha et al., 2012;
Somigliana et al., 2014, 2017; Vercellini et al., 2003), in order to prevent recurrence (Tobiume et
al., 2016; Wu et al., 2018) and to manage symptoms (Vercellini et al., 2018). The use of a post-
operative medical therapy has been widely addressed in literature for patients who are not seeking
conception (Somigliana et al., 2014). Our results showed, from one hand, that the patients with
satisfactory QoL underwent more often to post-operative progestins or GnRH analogs treatment,
whereas the use of multiple hormonal drugs was more common in those with low QoL scores. Long
term treatment with progestins have been shown to reduce pain, improve health perception and
prevent recurrence (Andres et al., 2015; Belaisch, 2009; Romer, 2018; Vercellini, Bracco, et al.,
2016; Vercellini, Buggio, et al., 2016). Similarly, GnRH agonists treatment after surgery for six
months significantly decreases the recurrence rate of endometriosis (Takaesu et al., 2016; Zheng et
al., 2016). The use of multiple therapies in Group B may reflect a more aggressive behavior of
endometriosis, pharmacologic resistance and a worse clinical presentation of the disease in those
who presented with low QoL.

One methodological strength of this study is the standardized documentation of clinical data
on a dedicated database. In addition, the follow-up interviews were performed face-to-face,
reducing the risk of recall bias. However, there are some limitations to acknowledge: patients who
had undergone either single or multiple surgeries were included; all preoperative and surgical data
were obtained from medical files and reports, despite the patients being interviewed prospectively.
Furthermore, additional variables have not been assessed in the present study such as
socioeconomic status, previous mental health, sexuality, coexisting painful conditions and lifestyle
habits, that, among others, could also have influence over the health status of the patients (L&vkvist

et al., 2016; Pluchino et al., 2016). It should be also observed that the association of a worse QoL
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and an younger age at the first surgery could reflect an initial less aggressive approach because of
less severe forms of the disease. In fact, Groups A and B significantly differ in terms of lesions’
localization. Unfortunately, no information about the surgical ASRM classification were available,
so we used the lesions’ localization as a proxy for endometriosis extension, although this may not
always provide a reliable picture of the severity of the disease. The endometriosis recurrence, on the
other hand, could be also related to the experience and technical capabilities of the surgical team
(Exacoustos et al., 2017). Our results, nevertheless, did not show any differences in terms of QoL
depending on the surgeon who performed the operation However, the small number of patients
operated by a general surgeon or a multidisciplinary team does not allow to draw final conclusions.
In summary, our results suggest that patients with endometriosis undergoing first surgery at
young age reported an increased frequency of multiple surgeries and disease recurrence, showing a
poor physical and mental health status. Preoperative counseling is a key step of endometriosis
management and the prognostic variables identified here may help the surgeon to better inform the
patient about her odds of gaining a satisfactory health condition after pursuing this complex

treatment.
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4.4.2 Medical treatment

4.4.2.1 Research study 4

Long-term hormonal treatment reduces repetitive surgery for endometriosis recurrence

Aim of the study

Endometriosis is a chronic inflammatory disease with a prevalence of 10% in reproductive
age that has endocrine and immunological disturbances among its pathogenetic factors (Clemenza
et al., 2018). The clinical management of women with endometriosis is quite complex and depends
on patient's age and symptoms. Particularly, patients with endometriosis-related pain have two
therapeutic options: medical or surgical treatment. For a long period of time minimally invasive
surgery was recognized as the standard approach to treat endometriosis, also in order to obtain a
clear histological diagnosis. The surgical approach may be conservative (removal of endometriotic
lesion) or definitive (hysterectomy with or without oophorectomy) (Falcone and Flyckt-Rebecca,
2018). However, a high recurrence rate of pain symptoms is described at 2 years post-operatively
(21.5%) and it is even higher at 5 years follow up (40-50%) (Guo, 2009).

The debate regards if the disease recurrences are the results of de novo lesions after surgery
or the incomplete surgical treatment of endometriosis. Supporting this last hypothesis, some studies
have shown that performing a complete first surgery drives to a decreased recurrence rate (Sibiude
et al., 2014), that the anatomical distribution of recurrent lesions is similar to that found in the first
surgery (Taylor and Williams, 2010) and that the execution of the first surgery by a highly expert
operator 1is associated to lower number of recurrences (Ceccaroni ef al, 2019). Anyhow, the
repetitive surgery for endometriosis occurs and has been described (Ceccaroni et al., 2019; Horne et
al., 2019); it is much more complex than first surgery because of the presence of peritoneal and
visceral adhesions (Carmona et al., 2009).

Since endometriosis patients face the risk of recurrence of pain and repetitive surgery, more
information is required before a treatment is started in order to establish the best appropriate
management (Falcone and Flyckt-Rebecca, 2018). In fact, endometriosis is now recognized as a
chronic disease and evidence suggests that a modern management should postpone the first surgery
(Chapron et al., 2019) and prescribe a post-operative medical treatment (Dunselman et al., 2014;
Saridogan et al., 2017; et al., 2017, 2020). The present study aimed to identify the role of medical
treatment both before to plan a surgery and after surgery aiming to preventing endometriosis
recurrence, reducing repetitive surgery for recurrence. The impact on quality of life was also

investigated.
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Material and Methods

An observational cross-sectional study was conducted in reproductive age women (n=185)
with endometriosis, recruited in two different hospitals (Florence and Negrar di Valpolicella, Italy)
between January 2017 and February 2020. Data were collected by an extensive review of clinical
records of patients in follow-up in these Endometriosis outpatient clinics. Inclusion criteria were:
fertile age (25-45 years), previous surgery for endometriosis, no desire of pregnancy, nulliparity.
Women wishing to become pregnant when the survey was conducted or those who had previously
tried to conceive, both naturally or through ART, were excluded from the study. Included patients
were divided into three groups according to the hormonal treatment received: Group A (n=34), no
hormonal treatment neither before nor after the first endometriosis surgery, Group B (n=76) on
hormonal treatment after the first endometriosis surgery and Group C (n=75) on hormonal treatment
both before and after the first endometriosis surgery.

The used hormonal treatments were: progestins (40%), GnRH analogs (30%) or continuous
oral contraceptives (30%), for a minimum of 12 months before and prolonged for 2 years or more
after surgery (also changing the type of hormonal treatment). All patients have been operated in
referral centres for endometriosis surgery and a histological confirmation of the disease was
available for each case. Women were followed up for at least 2 years after the first endometriosis
surgery. OMA, DIE and SUP were the phenotypes identified (Table 1). During the follow-up visit,
patients were interviewed through: 1) a structured questionnaire containing all clinical information
regarding the history of the disease (in particular, the data regarding the first surgery); 2) the
assessment of current situation by administering a validated tool for health-related quality of life
(QoL), the Short Form 12 (SF-12), comprising both mental and physical component scales. This
instrument contains 12 items selected from the SF-36, including at least one item from each of the
SF-36 scales. SF-12 scores correlate strictly with those of SF-36, but SF-12 has the advantages of
being shorter and having country-specific scoring systems adjusted for each population (Gandek et
al., 1998).

In case of repetitive endometriosis surgery, the indications for re-operations were the
presence of painful symptoms resistant to medical treatment or the imaging evidence of
endometriosis lesions recurrence associated to pain.

The study was approved by the local Institutional Review Board (protocol n.14558 approved
on 30.05.2019) and all participants provided written informed consent to be included in the series.

Statistical analysis was performed using IBM SPSS Statistics software, version 22 (IBM
Corporation, Armonk, NY, USA). Statistically significant differences between groups were

determined using Student's #-test for continuous variables and Chi-square test or Fisher's exact test
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for categorical variables. Survival analysis was performed by the Kaplan-Meier method setting the
time to reoperation as time variable and censoring cases at the time of the second surgery or at the
date of follow-up. The curves were compared by the Log Rank test and then adjusted by stepwise
forward Cox regression to any potential confounding variable. A p value <0.05 was considered

statistically significant.

Results

Age at endometriosis diagnosis was significantly higher in Group A compared with Group B
and Group C (p=0.009; Table 1).

Pointing our attention to the first endometriosis surgery, the age of the patients was similar
in the 3 groups of patients (Table 1) and the gynecologists performed more frequently the first
endometriosis surgery than general surgeons or multidisciplinary teams (100%, 73.7% and 80% in
groups A, B and C, respectively, p=0.001), preferring laparoscopy in most cases, especially in
groups A and C (p=0.002). Pelvic pain was the main symptom leading to the first surgery in groups
B and C (p=0.004). Among the 3 phenotypes, the OMA was the most frequent endometriosis
phenotype at first endometriosis surgery in the three groups (p=0.010) (Table 1).

When the rate of repetitive endometriosis surgery for recurrence was evaluated, the
proportion of women that underwent reoperation was lower in those patients treated with hormones
before and after (Group C, 45.3%) than in those treated only after the first endometriosis surgery
(Group B, 57.9%) or in those without any treatment (Group A, 70.6%, chi-square 6.394, p= 0.011,
Table 2).

The survival analysis showed that the probability of reoperation over time differed
significantly between the treatment groups (Log Rank test, p = 0.008) even after adjustment to the
main symptom and to the type of surgery (hazard ratio 2.57, 95% CI 1.47 - 4.49). This difference
between the three groups persisted over the years (Figure 1). The median time to reoperation
estimated by the Kaplan-Meier analysis was 3 years, 5 years and 9 years in groups A, B and C,
respectively (p = 0.008, Table 2).

Considering the current clinical situation, patients of Group C were characterized by a lower
rate of dysmenorrhea compared with patients of Group B (59.5% versus 81.9%) (p=0.006). The
rates of dyspareunia, urinary pain, dyschezia and heavy menstrual bleeding were similar between

the three groups (data not shown).
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Women with repetitive surgery for endometriosis recurrence showed a lower SF-12 physical

(p=0.004) and mental (p=0.012) scores than those who received a single surgery, independently

from the treatment (Figure 2).

Table 1: First surgery characteristics.

Hormonal treatment before/after the first None Only After Before + After p
endometriosis surgery n=34) (n=176) n=75)
Age at 1st diagnosis (yr.) 30.0+4.9 27.0+5.2 26.6 + 6.3* 0.009
Age at 1st surgery for endometriosis (yr.) 29.7+5.8 272+53 27.8+5.9 0.107
Pain as main symptom 12 (35.3%) 46 (60.5%) 45 (60.0%) 0.004
Who performed 1* surgery
Gynaecologist 34 (100.0%) 56 (73.7%) 60 (80.0%) 0.001
General surgeon 0 (0.0%) 9 (11.8%) 0 (0.0%)
Multidisciplinary team 0 (0.0%) 11 (14.5%) 15 (20.0%)
Type of 1% surgery
Laparoscopy 31 (91.2%) 56 (74.7%) 68 (90.7%) 0.002
Laparotomy 0 (0.0%) 16 (21.3%) 7 (9.3%)
Laparoscopy converted in laparotomy 3 (8.8%) 3 (4.0%) 0 (0.0%)
Endometriosis phenotype at 1* surgery
OMA 19 (55.9%) 45 (59.2%) 45 (60%) 0.010
DIE 0 (0%) 12 (15.8%) 3 (4%)
SUP 4 (11.8%) 7 (9.2%) 3 (4%)
OMA+DIE 11 (32.4%) 12 (15.8%) 24 (32%)

Continuous data were summarized as means + SD and compared by one-way ANOVA followed by Student-Newman-

Keuls test for multiple comparisons; *p<0.05 Before + After vs. "None".

Categorical variables were compared by Chi-square test.
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Table 2: Follow-up and outcomes after the first surgery.

Hormonal treatment before/after the first None Only After Before + After P
endometriosis surgery (n=34) (n=176) mn=175)
Length of follow-up (years)* 79+£59 8.6+£59 8.5+4.7 0.829
Length of post-operative hormonal therapy
1-12 months - 52/70 (74.3%) 46/72 (63.9%) 0.300
13-24 months - 3/70 (4.3%) 7/72 (9.7%)
>24 months - 15/70 (21.4%) 19/72 (26.4%)
Rate of symptom recurrence (%)
During hormonal therapy - 41/69 (59.4%) 38/72 (52.8%) 0.432
After therapy suspension - 16/69 (23.2%) 15/72 (20.8%)
Time from therapy suspension to symptom
recurrence”
1-12 months - 14/16 (87.5%) 14/15 (93.3%) 1.000
>12 months - 2/16 (12.5%) 1/15 (6.7%)
Rate of reoperation (%) 24 (70.6%) 44 (57.9%) 34 (45.3%) 0.011
Interval between 1st and 2nd surgery (years)® 3.0(1.4-4.5) 5.0 (3.8-6.2) 9.0 (6.9-11.1) 0.008

*Means + standard deviations, compared by one-way ANOVA.

Categorical variables were compared by Chi-square test.

*Considering only the women who had a recurrence after discontinuing the post-operative hormonal treatment.
SMedian (95% confidence interval) according to Kaplan-Meier's survival analysis.
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Figure 1: Survival plots (Cox regression) showing the time to reoperation in women who received no medical
treatment, medical treatment after the first endometriosis surgery or medical treatment before + after the first
endometriosis surgery. Log Rank test, p = 0.008 after adjustment to the main symptom and to the type of surgery hazard

ratio = 2.57, 95% CI 1.47 - 4.49.
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Figure 2: SF-12 Physical and mental score in single operation (n=83) patients and those with repeated surgery for
endometriosis recurrence (n=102). Data are means + standard errors. The p values refer to Student's #-test.

Discussion

The present study showed a reduced incidence of endometriosis recurrence leading to
reoperation in those patients treated with hormonal treatment both before and after the first
endometriosis surgery and the same group of patients is characterized by a lower rate of current
dysmenorrhea, compared with women who received hormonal treatment only after surgery. These
data support a possible role of the hormonal treatment for a certain period of time (independently
from progestins, GnRH analogs or continuous oral contraceptives) in postponing the first surgery,
in preventing repetitive surgery for recurrence and in controlling dysmenorrhea. In fact, in order to
effectively reduce endometriosis recurrence, the administration of hormonal treatment should be
long-term, ideally until patient desire to conceive or until menopause, rather than just for a few
months (Chapron et al., 2019). These data are in agreement with previous observations showing
that the administration of a post-operative treatment with progestins, GnRH analogs or continuous
oral contraceptives is effective in preventing recurrences of endometriosis (Abou-Setta ef al., 2013;
Ceccaroni et al., 2019; Cho et al., 2014; Koshiba et al., 2018; Seo et al., 2017).

The surgical management of endometriosis still remains an important therapeutic option. It
is specifically indicated in case of failure, intolerance and contraindication of medical treatment, for
infertility treatment in younger women wishing to conceive naturally and in cases of DIE with
bowel occlusion or ureteral DIE with ureterohydronephrosis (Chapron et al., 2019; Falcone and

Flyckt-Rebecca, 2018). However, since endometriosis surgery is characterized by potential
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operative complications and multiple recurrences (Vercellini, Somigliana, et al., 2009) and since it
does not treat the pathogenetic mecahnisms of the disease (Vercellini, Crosignani, et al., 2009) and
may have a negative effect on ovarian reserve (Raffi et al., 2012), the choice of surgical treatment
should be adequately evaluated and personalized. The high post-operative recurrence rate may
explain the use of repetitive surgery for endometriosis in about 50% of the patients (Cheong ef al.,
2008; Vannuccini et al., 2019). A young age at the first endometriosis surgery (Sibiude et al., 2014;
Vannuccini et al., 2019), and in particular <35 years (Selcuk et al., 2016) is considered a risk factor
for recurrence. Our present data support a prolonged preoperative hormonal treatment with the aim
of postponing the first surgery. Other risk factors are associated with endometriosis recurrence and
should be taken into account before establishing the best therapeutic management: family history
(Campo et al., 2014), body mass index >23 kg/m*(Nirgianakis et al., 2014), the presence of large
endometrioma and high serum level of CA-125 (Cho et al., 2014; Kiiciikbas et al., 2018) and an
advanced stage of the disease (Tobiume et al., 2016). In this context, as previously demonstrated, a
more radical surgery is associated with a lower rate of recurrences (Busacca et al., 2006; Ceccaroni
etal.,2019).

Endometriotic patients have a low quality of life and the present study confirms that patients
experiencing repetitive surgery for endometriosis recurrences are characterized by lower SF-12
physical and mental scores than patients receiving a single surgical treatment. Severe pain may
cause a worse mental and physical QoL, as well as the perceived stress (Lazzeri, Vannuccini, et al.,
2015b; Vannuccini et al., 2018) and stress may reduce immune response in multi-operated patients,
explaining the development of disease recurrences or comorbities (Reis et al., 2020). In fact, a
combined effect of high chronic pain and low global quality of life can lead to the so-called
sickness response, associated with a vicious cycle caused by the underlying neuroendocrine—
immune imbalance. Therefore, the stress condition may be a risk factor for endometriosis
recurrence and repetitive surgery (Reis, Coutinho, Vannuccini, Luisi, et al., 2020).

These data support the modern concept that the gold standard for an appropriate
endometriosis management is the individualized approach and surgery should be considered
depending on clinical situation and patient’s symptoms. In fact, clinical and ultrasonographic
diagnosis of endometriosis, above all in young women, should not drive to an immediate surgical
treatment (Chapron et al., 2019). In the diagnostic process, the presence of gynaecological
comorbidities, such as uterine disorders (adenomyosis and uterine fibroids) should be also
accurately evaluated because it may influence the consequent treatment choice (Capezzuoli et al.,

2020).
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The present study confirmed that hormonal treatments represent a valid cornerstone of
endometriosis management and it may be useful as alternative to surgery, but also before surgery
for a better planning and after surgery in order to reduce the risk of recurrence. In this context, the

counselling of patients by clinicians may be very helpful to choose the correct and individualized

endometriosis treatment.
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