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a b s t r a c t

As the diagnosis requires a laparoscopy, we only have data in
women with pain and/or infertility. Endometriosis has been
considered to be a single disease defined as ‘endometrium like
glands and stroma outside the uterus’. However, subtle, typical,
cystic ovarian and deep endometriosis lesions should be consid-
ered to be different pathologies which occur in all combinations
and with different severities.
All large datasets, especially those based on hospital discharge
records, consider endometriosis to be a single disease without
taking into account severity. In particular, the variable prevalence
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and recognition of subtle lesions is problematic. Reliable surgical
data are small series not permitting multivariate analysis.
Endometriosis is a hereditary disease. The oxidative stress of heavy
menstrual bleeding with retrograde menstruation and an altered
pelvic microbiome are probably associated with increasingly se-
vere endometriosis. Whether the prevalence is increasing, or
whether endometriosis is associated with fat intake or an
increased risk of cardiovascular disease is unclear.

© 2020 Published by Elsevier Ltd.

Introduction

Epidemiology is the study of the distribution and determinants of a disease in a population.
Epidemiology requires a clear definition of the disease and its diagnosis. Understanding the patho-
physiology and natural history of the disease is important to interpret the many factors that cause or
that are associated with an increased or decreased prevalence or risk of endometriosis. In addition, it is
important to consider the many difficulties of epidemiological studies such as reliability of data,
definition of the disease, association versus causality, risk factors, confounding factors and their
interaction and the pitfalls of statistical inference [1].

The study of the epidemiology of endometriosis is hampered by multiple definitions and a variable
and uncertain laparoscopic diagnosis of endometriosis. The histologic diagnosis is more of a research
tool and varies from the basic criteria of glands and stroma and haemorrhage outside the uterus to
complex criteria including fibrosis, CD-10, Ber-EP4, pan-cytokeratin and others. The different defini-
tions and the criteria used by different authors can make comparisons difficult. The laparoscopic
diagnosis is a clinical impression with a histologic confirmation far less than 100%, especially for
smaller lesions. Moreover, recognition varies with the expertise and interest of the surgeon.

Epidemiology of endometriosis [2] is important as endometriosis is a major cause of infertility and
pelvic pain in many women. It is a significant problem in women's health because of the associated
suffering, the many surgeries and the health care expenses, along with the suggested link with
pollution and with many problems such as cardiovascular disease. Understanding the disease might
help to improve treatment and develop prevention strategies.

In this chapter, wewill update our 2016 systematic review [2] of the epidemiology of endometriosis
with the recent understanding of the pathophysiology and natural history of endometriosis and of the
accuracy of the diagnosis of endometriosis, in order to discuss the observations concerning the
epidemiology of endometriosis.

The accuracy of the endometriosis data

Before discussing the epidemiology of endometriosis, it is important to understand the accuracy of
the data regarding endometriosis.

Definition of endometriosis

Historically, endometriosis was defined by pathology as ‘endometrial glands and stroma outside the
uterus’. It started with the observations of Rokitansky [3] who described what we now call ovarian
endometriosis and adenomyosis, of Cullen [4] who described adenomyosis and rectovaginal endome-
triosis, and of Sampson who described ovarian endometriosis [5] while developing the retrograde
menstruation and implantation theory [6]. Over the followingdecades,manycase reports or small series
(Fig. 1) described nodular, cystic, superficial and extra-genital endometriosis in many different local-
isations found during surgery. After the introduction of diagnostic laparoscopy in the 70s, we realised
that typical lesions were much more frequent in women with pelvic pain or infertility than thought
before. In 1986, subtle lesions were recognised as endometriosis [7,8]. Thus, many women who were
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considered normal before 1986 were diagnosed with endometriosis later [9]. Smaller deep endome-
triosis lesions were described as a separate entity and as a cause of severe pain in 1990 [10], with an
exponential increase of reports over the next decades mainly because it was surgically challenging.

Clinically, ‘endometrial glands and stroma outside the uterus’ in the pelvis can present as small and
active ‘subtle’ lesions, that is, red and white vesicles, and polypoid- and flame-like lesions, as typical
lesions presenting as burnteout powder burn pigmented lesions in a sclerotic areas known, as cystic
ovarian lesions containing ‘chocolate’ fluid, or as deep endometriosis which unfortunately is poorly
defined. Deep endometriosis was initially described as scanty glands and stroma in large areas of
fibromuscular tissue [10]. Soon thereafter, deep endometriosis was defined as endometriosis lesions
deeper than 5mmunder the peritoneum because of a nadir in the frequency distribution of the depth of
endometriosis lesions around 5mm [11]. As the depth of typical and deep endometriosis lesions strongly
overlap, this definition results in many typical lesions being classified as deep endometriosis. Still, today,
deep endometriosis remains poorly defined with lesions varying from small to larger than 4 cm in
diameter. Microscopically, they vary from glandular lesions to fibrotic lesions. ‘Endometrial glands and
stroma’ outside the uterus present also as microscopically lesions [12] in the peritoneum [13e15], in the
bowel as islets at distance from deep endometriosis nodules [16] and in lymph nodes [17].

In conclusion, endometriosis is a disease which is defined histologically as endometrial glands and
stroma-like tissue outside the uterus andwhich presents clinically asmicroscopic, subtle, typical, cystic
ovarian or deep endometriosis lesions. Other forms, such as Müllerianosis, are too rare to discuss the
epidemiology.

Pathophysiology and natural history of endometriosis

Endometriosis, a name coined by Sampson [18], has been considered for a century as implants of
endometrial tissue outside the uterus either following retrograde menstruation into the peritoneal
cavity [5,19] or following haematological dissemination [6]. This implantation theory is attractive as
endometriosis looks histologically like endometrium, as retrograde menstruation contains living cells
which can implant [20] and as the fibroblasts from endometriosis or from the endometrium of women
with endometriosis have an increased invasion capacity [21].

The implantation theory does not explain why endometriosis lesions develop in some women only,
while retrograde menstruation seems to occur in most women [22,23]. Some observations are difficult
to explain by the implantation of endometrial cells following retrograde menstruation. The clonality of
each endometriosis lesion, as described for deep and cystic [24e27] and typical endometriosis [28], is
more consistent with a G-E (genetic-epigenetic) incident related to intracellular aromatase activity
resulting in intracellular oestrogen production than to newly implanted endometrium. The implan-
tation theory does not explain the occurrence of endometriosis inwomenwithout a uterus, and inmen.
It is more likely that deep endometriosis lesions can become symptomatic more than 10 years after
menopause in the absence of increased circulating oestrogens [29] as a result of a G-E cellular incident

Fig. 1. Articles of endometriosis.
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than that implanted endometriumwould suddenly start to develop. It should be realised that theories
such as coelomic metaplasia, endometriosis originating from bone marrow/stem cells, Müllerian rests,
tissue injury and repair, repeated tissue injury and repair, oestrogen toxicity and traumatic induction
are compatible with and can be considered today to require epigenetic changes (for review [30]).

Recently, the G-E theory [31] of endometriosis was formulated as an update of the endometriotic
disease theory [32]. Endometriosis starts in the G-E theory, irrespective of the original cell, when a
cumulative combination of specific genetic and/or epigenetic cellular incidents exceed a certain
threshold. The inherited genetic and epigenetic incidents at birth explain the hereditary character of
endometriosis. It remains unclear whether and how epigenetic changes are transmitted trans-gener-
ationally in endometriosis [33]. The effects of minor G-E abnormalities remain clinically invisible
because of the redundancy of molecular biological mechanisms in the cell, but they increase the risk of
developing the disease when additional incidents occur. Additional incidents can occur during intra-
uterine development because of the maternal environment and external factors, and during live
mainly as mistakes during mitosis. Most G-E mistakes result in apoptosis of the cell if they cannot be
repaired. Some minor incidents, however, do not cause cell death and are transmitted to the next
generation of cells. These incidents are favoured by mutagenic substances such as dioxins and other
pollutants, radiation, or oxidative stress such as caused by retrograde menstruation or by infection or
by the peritoneal microbiome [34]. The dynamic and gradual aspect of these mistakes and their in-
heritance is important. The crosstalk between genetic and epigenetic mechanisms [33] makes the cell
vulnerable to new incidents, especially when the external circumstances are unfavourable. The cell
thus becomes progressively more vulnerable to acquiring more mistakes, with some of them being
cancer-associated mutations explaining the clonal expansion [35,36].

The G-E theory adds to the implantation and other theories that the onset of the disease requires a
cumulative and triggering combination of G-E cellular incidents. With the G-E hypothesis, it seems
logical to postulate that the specific set of G-E incidents will orient the development into clinically subtle,
typical, cystic or deep lesions. A specific set of G-E incidents also explains that each type of lesion is
heterogenous with variable [37] aromatase activity, progesterone resistance, oestrogen sensitivity and
probably many other factors. Additional incidents occurring during further development result in
endometriosis lesions which are probably also heterogeneous at the cellular level, as demonstrated for
breast cancer.

The natural history of endometriosis lesions is poorly known as there is no animal model and
because repetitive laparoscopies cannot be performed in women. After their triggered initiation [38],
the lesions develop in an environment different from the uterus with differentmicrobiota and different
immunologic, endocrine and paracrine influences. The cyclic endocrine changes with eventual
bleeding will moreover result in repetitive traumas which increase the risk of developing additional G-
E incidents and ultimately fibrosis [39,40]. Therefore, all theories [30] emphasising trauma [41],
immunology, the role of oestrogens [42] and peritoneal fluid retain their full importance for under-
standing the growth of endometriotic lesions.

Much of the many endometriosis-associated changes, such as changes in the endometrium and in
the immunology can be viewed as a consequence of the inherited predisposition instead of being a
consequence of endometriosis. As endometriosis cells can migrate to the endometrium, at least in
animal models [43], both aspects are probably partly true. Thus, as an example, infertility becomes a
consequence of endometriosis and a consequence of the inherited endometriosis susceptibility.

The potential reversibility of epigenetic changes and the relationship between epigenetic and genetic
changes and histologic appearance of cells are important in this discussion [44]. Both aspects are unclear
today. Epigenetic changes are theoretically reversible. They are reversible in plants and animal models
[44,45] as well as the epithelial-mesenchyme transition in endometriosis [46], when the cellular envi-
ronment changes. Although poorly understood, reversibility of epigenetic changes becomes more diffi-
cult when additional epigenetic incidents have occurred.When the associated genomic instability results
in genetic errors, changes become irreversible. With regard to reversibility of epigenetic changes, it is
important to understand the potential reversibility versus the risk of progression of precancerous lesions
such as CIN lesions leading to cervical cancer [45]. Unfortunately, histology is unable to distinguish be-
tween reversible and irreversible changes. This is important for endometriosis. As endometriosis lesions
can originate from endometrial cells, from coelomic fibroblasts or epithelium and even from bone
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marrow cells, endometriosis cells might return to normal endometrium or even to normal coelomic
epithelium/mesothelium when the driving forces inducing epigenetic changes disappear. This could
explain why microscopical endometriosis has not yet been linked to any clinical pathology and why
conservative excision of deep endometriosis which is obviously incomplete is not associated with a
higher recurrence risk than a large bowel resection [47]. These observations suggest that some histo-
logically endometrium-like cells with only reversible epigenetic changes can return to normal when the
driving motor is removed such as following the excision of a deep endometriosis nodule.

In conclusion, in order to understand endometriosis, it is important to distinguish between the
initiation and the subsequent growth of endometriosis lesions [38].

The diagnosis of endometriosis

Endometriosis is defined by pathology and recognised during surgery. However, neither pathology
nor surgery have a gold standard. The recognition of subtle lesions varies with the interest and expertise
of the surgeon, and the pathological confirmation varies with the method of biopsy and with the pro-
cessing accuracy of these small lesions [48]. The identification of microscopical lesions in the peritoneum
and in the bowel at distance from a deep endometriosis nodule varies with the scrutiny of pathological
examination. Many lesions, including deep endometriosis lesions, can be missed during laparoscopy.
Most importantly, laparoscopy is not performed without an indication and we therefore have no infor-
mation inwomenwithout clinical symptoms except occasional data inwomen undergoing tubal ligation.

The value of imaging and biochemical tests in diagnosing endometriosis is also unclear [49]. First,
we do not have a gold standard as endometriosis lesions can bemissed during laparoscopy and because
laparoscopy cannot be performed systematically in all women in the absence of symptoms. Second,
accurate non-invasive biochemical tests to diagnose endometriosis are not available. Imaging, as ul-
trasound and MRI, is fairly accurate for the diagnosis of cystic ovarian endometriosis but cannot di-
agnose subtle and typical lesions. Although sensitivities and specificities of over 90% are reported for
deep endometriosis, we do not know the lower detection limit. Therefore, the number of smaller or
initial lesions is unknown.

Accuracy of hospital discharge records

The accuracy of the diagnosis of endometriosis in hospital discharge records is at least variable
[50e52]. The diagnosis of cystic ovarian endometriosis will be fairly accurate with less than 10% being
cystic corpora lutea. The diagnosis of deep endometriosis comprises both women with a deep endo-
metriosis nodule and women with slightly deeper typical lesions. The major problems are the su-
perficial peritoneal lesions with typical lesions and a variable inclusion of subtle lesions. Upon scrutiny,
these can be found in almost all women with pain or infertility. Hospital discharge records therefore
risk to contain the diagnosis of endometriosis in the large majority of women (if not all) undergoing a
laparoscopy for pain or infertility and in whom no other obvious cause is found. The reported severity
moreover is inaccurate because of the widely used rAFS classification, inwhich deep endometriosis are
predominantly found in classes I and II.

Epidemiology

The prevalence of endometriosis

With regard to womenwith pain or infertility, prevalence of subtle, typical, cystic ovarian and deep
endometriosis were reported in over 80%, 50%, 25% and 1e5% of cases, respectively.

Subtle endometriosis

Subtle endometriosis is found in 40% [53,54] of asymptomatic women. In women with pain or
infertility, over 60% of women [55] had subtle lesions. Probably, almost all women would have subtle
lesions if laparoscopy could be done repetitively; we only know that subtle lesions can disappear and
reappear in other places when 2 laparoscopies were performed [56]. The incidence decreases with age
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[55,57]. In adolescents, subtle lesions were found in 40% [58] and in 70% [59]. The epidemiology of
subtle endometriosis over time does not allow the conclusion that the prevalence has been increasing
in recent decades. The association of subtle lesions with variables such as early menarche, abundant or
painful periods, subfertility, canalization defects of the cervix, race, dioxin, total body radiation, or any
other factor is unknown.

Typical lesions

These data should be interpreted carefully because of the variable inclusion rate of subtle lesions. In
asymptomaticwomen, typical lesionswere reported inup to5%; forexample, in4%ofwomenundergoing
tubal ligation [60], in1.6% [61] and in2.2% inNorway [62]. In the latter study, the riskwashigher inwomen
withearlymenarche, frequentmenstruations, pelvic pain, infertilityandwithout children. Inwomenwith
infertility, endometriosis wasmore frequent when the partner was normal (5.7%) thanwhen the partner
had azoospermia (3.3%) [63]. In teenagers with severe dysmenorrhea, 50% had endometriosis [64]. In
womenwith pain and infertility, 40e70%, with a mean of 33%, had typical lesions [65].

Data do not allow the conclusion that the prevalence of typical lesions is increasing in recent de-
cades. It is unclear whether black women have lower rates and East Asians have higher rates than
Caucasian women. It is also unclear that endometriosis increases with early menarche and abundant
retrograde menstruation. Baboon data describing an increased prevalence of endometriosis following
uterine outflow obstruction are not retained as retrograde menstruationwas not confirmed in a recent
study [66]. Dioxin pollution has been suggested to be causally related to endometriosis [67e69] but in
humans, evidence is scarce [70,71]. Following the Seveso accident with severe dioxin pollution, the
prevalence almost doubled (although not significantly) [72]. Breast-fed girls have been exposed to
dioxins in mother milk, but they have a lower incidence of endometriosis in adult life [73]. Total body
radiation increases endometriosis in primates [74], but we do not have data for humans. It is unclear
whether changes in the immune system are causally related to the prevalence of endometriosis
because it is not clearly affected by chronic immunosuppression, such as in transplant patients,
smoking affecting NK activity, nor by caffeine or alcohol. The many associated changes in the immune
system [75,76] and the decreased natural killer cell activity in plasma and in peritoneal fluid [77e79]
can be interpreted both as a cause and as a consequence of endometriosis. The association of typical
endometriosis with a higher trait anxiety could be due to the lower steroid hormone concentrations in
peritoneal fluid of women with luteinised unruptured follicle syndrome [22]. Endometriosis is
considered a career women's disease but without much evidence. This might suggest a relationship
with stress, but also the delay of first pregnancy, to an increase of infertility with age, an increase in
laparoscopies and a higher documented prevalence of endometriosis. This is consistent with a lower
prevalence with increasing parity [80] and the use of oral contraception [81].

Cystic ovarian endometriosis

There is no evidence that the prevalence of cystic ovarian endometriosis is increasing in recent
decades. There is no evidence of an association between cystic ovarian endometriosis and pollution or
lifestyle. The relationship with ovarian cancer is unclear [82].

Deep lesions

Deep endometriosis was initially reported as case reports and small series. The recognition of
smaller deep endometriosis lesions have increased only after 1990. Prevalence is difficult to ascertain
because all reports have a referral bias. An indirect estimation of the prevalence can be derived from
the rate of approximately 500 interventions/year in a population of 10 million (PK and J. Donnez) in
Belgium. In the early 1990s, deep endometriosis surgery was almost systematically referred. Assuming
a reproductive lifespan of 30 years and a diagnosis and surgery in around half of the women, its
prevalence in the population ranges between 0.2 and 0.5%. In women with pain and infertility, the
prevalence is estimated to be between 3 and 10% as 10e20% of women referred for pain to Leuven had
deep endometriosis [55]. There are no valid data indicating that the prevalence of deep endometriosis
is increasing or that deep endometriosis is caused by pollution or lifestyle. However, internationally
recognised deep endometriosis surgeons AW, LA, JD, JK, AU, AS and PKwho performed surgery over the
last 20 years and who each performed between 1000 and 3000 interventions of deep endometriosis all
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have the strong impression that the severity and probably the prevalence of deep endometriosis are
increasing [2]. It is unclear whether this is a referral bias. It is interesting that in the 1990s, deep
endometriosis in the South of Italy was rare and much lower than in Belgium. This contrasts with the
high incidence of severe endometriosis today as observed by AU, AW and PK [2].

Adenomyosis, müllerianosis, peritoneal pockets, and stromatosis

These diseases are often considered as endometriosis. They will not be discussed. Stromatosis does
not contain endometrial cells, while with entities such as accessory cavitated uterine masses (ACUM),
and Müllerianosis are too rare to discuss prevalence. Although the pathophysiology of adenomyosis is
probably comparable to the pathophysiology endometriosis, adenomyosis will not be discussed.

Factors associated with endometriosis

In Leuven in the early 90s, a group of 900 women with pain and/or infertility, had subtle lesions
(45%), typical lesions (29%), cystic ovarian endometriosis (31%) and deep endometriosis (18%). The total
incidence of 710% remained constant with age, but subtle lesions significantly decreased, and typical,
cystic and deep lesions increased with age [10] (Fig. 2).

Endometriosis is a hereditary disease (for references, see Ref. [31]) as evidenced by the seven times
higher prevalence in first-degree relatives and the high associations in monozygotic twins. Genome-
wide association studies could identify common genetic variants. Further, severity and early onset
seem hereditary.

Endometriosis was reported to be increased by pollution such as dioxin [67] and PCB [83,84], and by
radioactivity [85]. Endometriosis was reported to be linked to high fat consumption [86]; our lifestyle
[50,87]; postponement of the first pregnancy, stress, lupus erythematosus and rheumatoid arthritis
[88]; a family history of melanoma [89]; a higher risk of ovarian and breast cancers, cutaneous mel-
anoma, asthma and some autoimmune, cardiovascular and atopic diseases [90]; reproductive medicine
[91]; air pollution [92]; severe teenage acne [93]; adolescent endometriosis [94]; diminished ovarian
reserve [95]; body size [96]; and cardiovascular disease [97].

Although statistically significant, these data do not permit final conclusions. As recognised before
[50e52], they are hampered by the poor definition of endometriosis lesions, poor patient selection and
unclear accuracy of the diagnosis because they are often based on hospital discharge records.

Many other associations have been described [31], such as a poor obstetrical outcome such as
hypertension in pregnancy and small for date babies [98] and the association with adenomyosis.

Discussion

Understanding the epidemiology of endometriosis, its prevalence over time and at different ages,
and the association with potentially causal factors is important as endometriosis can be linked to most
gynaecological complaints such as infertility, pain, bleeding problems, fatigue, sexual problems and
obstetrical complications. However, reliable epidemiological information today is limited. First,
endometriosis has been studied as a single disease because it was considered to be implanted on the
endometrium according to the implantation theory. With progressive understanding of oncogenic
mutations, clonal development and epigenetics, the G-E pathogenesis was formulated. This hypothesis
is compatible with all known aspects of endometriosis. Additionally, it can explain that endometriosis
consists of more than four different pathologies, with each having a different set of G-E incidents at the
start and a different natural history, since they acquire additional mistakes because of their G-E
vulnerability. It makes it understandable that similar type of lesions are molecular biologically
heterogenous and that each lesion is moreover heterogeneous at the cellular level. All theories con-
cerning the growth and natural history of endometriosis lesions which are eventually self-limiting
retain their full importance and will make the understanding of epidemiology only more complex.

The second major problem of endometriosis epidemiology is the diagnostic uncertainties. In the
absence of a gold standard, and because a laparoscopy is needed to make the diagnosis, we only have
information inwomen not undergoing surgery. Besides the surgical expertise, the diagnostic accuracy of
laparoscopies should be evaluated as a test with verification bias [99]. As ‘thewater of a river cannot raise
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above its source’, epidemiology of endometriosis requires accurate data with diagnostic accuracy of each
type and severity of endometriosis, which we do not have today. To exploit the full power of statistical
inference, we also need sufficiently large databases with adequately controlled and complete data.
Probably, themost important bottleneck will be to find an agreement about which data to collect and the
necessary collaboration of expert surgeons to collect and check the data for it to be exploited by
statisticians.

Epidemiology also causes risks and potential harm. The burden a statistical association implies for
the patient is not always realised. The diagnosis of ‘endometriosis’ is associated by most women today
with future infertility, with a risk of a future hysterectomy because endometriosis is progressive, with
sexual problems and with an increased risk of cardiovascular disease and ovarian cancer. All this,
especially in a period of social media, generates a climate of fear, the consequences of which are not yet
understood [51]. This climate of fear is moreover fuelled by the widely believed ideas that endome-
triosis is driven by pollution, radioactivity, lifestyle and food. It is thus not surprising that this fear
translates in many support and discussion groups.

New concepts and understandings also present new opportunities. Triggering genetic and/or
epigenetic changes for initiation, and further incidents during development open the possibility of new
treatments and preventions. If the cells are G-E abnormal, immunotherapy becomes conceivable. If the
peritoneal or upper genital tract microbiota play a role in initiating endometriosis and in its growth, a
stricter diagnosis and treatment of vaginal and uterine infections might be useful. If the onset of
endometriosis is driven by oxidative stress, the amount and frequency of retrograde menstruation
could be important as prevention. If nests of microscopical endometriosis at distance from a deep
lesion in the bowel or if the outer layer of a deep nodule are epigenetically metaplastic cells [38] which
would return to normal after excision of a deep endometriosis nodule, this would suggest that the
concept of radical surgery and completeness of surgery should be reconsidered.

Our understanding of subtle and microscopical endometriosis remains unclear and controversial.
Three observations seem important, although the last two were not confirmed in subsequent studies.

Fig. 2. Prevalence (red) of subtle, typical and deep endometriosis in women with infertility (n ¼ 1297), pain (n ¼ 918) and infertility
and pain (n ¼ 267). Subtle endometriosis decreases with age, whereas typical, cystic and deep endometrioses increase with age. The
total prevalence (yellow) remains unchanged (with permission from Ref. [2]).
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Most subtle lesions are histologically active. Subtle lesions can disappear spontaneously and reappear
in other localisations, suggesting reversible epigenetic changes or spontaneous clearance of implanted
endometrium. During conscious pain mapping, subtle lesions can be painful like typical lesions. We do
not know whether the many observations on typical, cystic ovarian and deep endometriosis such as
immunology, peritoneal fluid and inflammation and heredity also apply to women with subtle lesions
only. With the observations that retrograde menstruation occurs in most women, that shed endo-
metrium has implantation potential and that the increased invasiveness of endometrial stromal cells is
enhanced by peritoneum, it seems logical to consider subtle lesions to be early lesions following im-
plantation. Similarly, the extensive observation on EMT and MET open the door to postulate that
retrograde menstruation together with peritoneal microbiota eventually induce a transformation of
coelomic endothelium or mesothelium into endometrium-like tissue. Subtle lesions can thus be
viewed as normal implanted endometrium or as normal coelomic endothelial/mesenchymal cells with
epigenetic changesmaking them look like endometrium. However, subtle lesions can also be viewed as
a symptom of an endometriotic constitutionwith predisposing G-E defects making them vulnerable to
additional defects following which the development of endometriosis begins. Key in this discussion is
reversibility. If the epigenetic reorganisation is reversible, the question becomes whether these lesions
return to normal endometrium orwhether they return to normal coelomic endothelium/mesothelium/
stem cells. More important seems the probability of reversibility, whichmight decrease after additional
G-E incidents because of the specific peritoneal environment. The same holds true for microscopical
endometrium-like cells in the peritoneum, in the bowel at distance from an endometriotic nodule and
in lymph nodes of women with deep endometriosis. Unfortunately, we do not have epidemiological
data of women with subtle lesions only.

Summary

The epidemiology of endometriosis is poorly known, and the available data do not permit definite
conclusions. First, the diagnosis requires a laparoscopy, and we thus have data in women with pain or
infertility only. Therefore, most observations on endometriosis will also be significant for womenwith
pain or infertility in comparisonwith normal women. Second, endometriosis has been considered to be
a single disease due to its definition as ‘endometrium like glands and stroma outside the uterus’.
However, the significance of subtle lesions is still unclear and, in addition, typical, cystic ovarian and
deep endometriosis lesions should be considered to be different pathologies with different degrees of
severity. Thus, they should be studied separately, with the additional difficulty that these lesions all
occur in different combinations.

Pathophysiology and natural history are poorly known. There is no valid animal model. Although
attractive, the Sampson implantation theory does not permit an understanding of endometriosis.
Further, it is important to distinguish between the initiation and the subsequent progression of
endometriosis. Endometriosis starts when cumulative G-E changes reach a certain threshold. Vari-
ability in the set of G-E changes result in heterogeneous endometriosis lesions. In addition, epigenetic
changes are reversible at least at the beginning. Therefore, the histologically defined word endome-
triosis, ‘endometrium like tissue outside the uterus’, is clinically and biologically a misnomer. Clinically,
it comprises at least four different diseases. Biologically, it comprises normal implanted endometrium
and mesothelial or bone marrow cells with reversible epigenetic changes making them look like
endometrium, and endometrium-like tissue with irreversible G-E changes which will progress and
form typical, cystic and deep endometriosis lesions. To understand growth, we must consider, in
addition to the variable set of G-E changes, the specific characteristics of the endometrial stromal cell as
EMT and the endocrine, paracrine, immunologic, microbiota and oxidative stress environment.

Data considering endometriosis as one disease are difficult to interpret because of the variable
prevalence and recognition of subtle lesions, the unclear diagnostic accuracy and the variable preva-
lence, severity and combination of endometriosis lesions. This is a problem found with all large
datasets based on hospital discharge records. More reliable surgical data on the other hand are small
series which do not permit multivariate statistical analysis. A third problem is that women diagnosed
with endometriosis often have pain and/or infertility and have had at least a diagnostic laparoscopy,
while many of them had surgery and infertility treatments.
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Endometriosis is ahereditarydisease.We tend tobelieve thatheavymenstrual bleedingwithprobably
more retrograde menstruation and more pelvic oxidative stress, and pelvic infections and/or a different
microbiome are associatedwith increasingly severe endometriosis. The lattermoreover could explain the
associationwith ovarian cancer.We think it is too early to conclude that endometriosis is associatedwith
an increased risk of cardiovascular disease or fat intake. Insufficiently explored is the association of
endometriosis with chronic pain and personality characteristics as suggested by concepts as ‘a career
women's disease’ andby the associationwithdepression. Today, these personalitycharacteristics begin to
be linked to epigenetic effects, eventually transgenerational, creating genomic instability.

As a conclusion, we suggest focusing epidemiology on severe deep endometriosis or cystic ovarian
endometriosis as their diagnostic accuracy is much better, because these are the more severe forms
with probably themost clear G-E incidents, and because of the clinical impression by surgeons, that the
severity and prevalence of deep endometriosis is increasing over time.
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Practice points

� We should pay attention to symptomatic adolescent women.

� Vaginal, uterine and pelvic infection deserve more attention.

� Continuous oral contraception might be a prevention by reducing oxidative stress.

Research agenda

� Identification of G-E incidents in the different endometriosis lesions.

� Histochemical differentiation between reversible and irreversible lesions.

� Histochemical differentiation of the different endometriosis pathologies.

� Enhancing the diagnostic accuracy of laparoscopy for each lesion.

� A database with the different lesions and their severity for epidemiology.

� Evaluation whether antioxidants are a prevention of endometriosis.

� Evaluation how diet and exercise influence intestinal and peritoneal microbiota.

� Evaluation how intestinal microbiota affect endometriosis prevalence and/or growth.
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