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Abstract: Infertility is a main manifestation of endometriosis, though the exact pathogenesis of
endometriosis-associated infertility remains unclear. Compromised ovarian functions may be one
of the causes of endometriosis related infertility. The ovarian function can be classified into three
basic elements, (1) production of ovarian hormones, (2) maintenance of follicular development until
ovulation, and (3) reservoir of dormant oocytes (ovarian reserve). The effects of endometriosis on
ovarian hormone production and follicular development are inconclusive. Ovarian endometrioma
is common phonotype of endometriosis. Development of endometrioma per se may affect ovarian
reserve. Surgery for endometriomas further diminish ovarian reserve, especially women with
bilateral involvement. Early intervention with surgery and/or medical treatment may be beneficial,
though firm evidence is lacking. When surgery is chosen in women at reproductive age, specific
techniques that spare ovarian function should be considered.
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1. Introduction

Endometriosis is a disease that affect 5–10% of women at reproductive age [1]. Al-
though the pain symptom is one of the main manifestations of this gynecologically common-
disease, up to 50% of women with endometriosis suffer from infertility [2,3]. The exact
mechanism of infertility in women with endometriosis is still yet to be determined. En-
dometriosis related infertility is multifactorial. Anatomical distortions caused by adhesion
and pelvic mass can be the cause of infertility. In addition to the anatomical obstructions,
altered ovarian function in women with endometriosis may attribute to fertility. Although
the causal relationship is not clearly determined, women with endometriosis may experi-
ence earlier menopause that those without disease [4]. These results may implicate that
premature decline in ovarian function may be present in women with this disorder.

The ovarian function can be classified into three basic elements, (1) production of
ovarian hormones, (2) maintenance of follicular development from preantral to post-
ovulatory luteal stage, and (3) reservoir of dormant oocytes. Endometriosis may affect
these ovarian functions from several directions. In this article, the associations between
ovarian functions and endometriosis are discussed along with current evidence.

2. Perspectives on the Effects of Endometriosis on Ovarian Functions
2.1. Formation of Ovarian Endometriosis and Surrounding Normal Ovarian Tissue

The pathogenesis of ovarian endometriosis (endometrioma) is still a matter of debate.
Superficial ovarian endometriotic lesions are very early form of ovarian endometriosis,
and may be developed by attachment of desquamated endometrial cells, transported into
the pelvic cavity via retrograde menstruation, on to ovarian surface epithelium (OSE)
(Figure 1a). The formation of ovarian superficial endometriosis may cause accumulation
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and activation of pelvic macrophages (Figure 1c). Local inflammation may result in
fibrosis in ovarian cortical tissue, which contain dormant primordial follicles (Figure 1e).
Accumulated macrophages may secrete repertoires of growth factors and pro-inflammatory
cytokines and chemokines, including hepatocyte growth factor (HGF), which promote cell
migration, metaplasia, and angiogenesis [5]. Progression of the formation of endometriotic
lesions in the superficial ovarian cortex may provoke the invagination of OSE, and may
facilitate the cyst formation [6]. Local inflammatory stimuli may also affect the metaplastic
changes of Müllerian rest in the ovarian cortex, which have long been implicated as having
pivotal roles in the pathogenesis of ovarian endometriotic lesions [7]. The cyst wall of
endometrioma may show various degrees of hemosiderin deposits (Figure 1b) by repeated
hemorrhage from endometriotic tissue, and marked accumulation of hemosiderin laden
macrophages (Figure 1d). The cyst wall of endometriomas may show dense fibrosis
adjacent to the normal ovarian tissue (Figure 1f). These histological alterations derived by
the formation of ovarian endometriosis may affect physiological homeostasis of the ovarian
cortical tissue, which contain dormant primordial follicles and activated early follicles.

Recently, endometrial as well as bone-marrow derived stem cells have been implicated
as novel theories on the pathogenesis of endometriosis [8]. These multi-potent stem
cells, which can form endometriotic lesions and further progression of stem cell derived
lesions via tissue remodeling, may be modulated by ovarian steroid hormones and local
inflammation. Accumulation and trafficking of these stem cells can be stimulated by
estradiol and immune cells. On the other hand, local immune cells, such as invariant
natural killer T (NKT) cells, may be involved in the pathogenesis of endometriosis [9].
Decreased percentages of NKT cells and lower production of IFNγ and IL-4 were found
in women with endometriosis and correlated with the stage of the disease [10]. Altered
protective function of NKT cells in women with endometriosis may be related to pro-
inflammatory and fibrogenic pelvic environments. They also associate with increased stem
cell activity. Ovarian dysfunction caused by endometriosis may be associated with disease
progression mediated by interaction between stem cells and the immune system.

2.2. Ovarian Steroid Hormone Productions

The direct effects of endometriosis on ovarian steroid hormone productions are un-
clear. Altered follicular development can result in decreased hormonal productions. As
an estrogen-dependent disease, the effects of ovarian hormones on the pathogenesis of
endometriosis had been intensively studied; however, the data on ovarian hormonal pro-
ductions in normal menstrual cycles in women with endometriosis is not fully elucidated.

Earlier studies indicated that lower levels of estrogen and progesterone have been
noted in the serum and urine of women with endometriosis [11]. The follicular fluid of
patients with endometriosis have been reported to have altered hormone profiles including
reduced estrogen, androgen and progesterone, and increased activin [12]. On the other
hand, specific impairment of the ovulatory process, designated as luteinized unruptured
follicle (LUF), may be associated with endometriosis [13]. Altered luteal function also has
been noted in women with endometriosis [14]. However, the causal relationship between
endometriosis and LUFs are unclear and controversial.

From the other earlier studies, the impaired balance in the hypothalamus-pituitary-
ovarian axis in women with endometriosis had been postulated. Abnormalities in luteiniz-
ing hormone (LH) secretion may exit, and these may be caused by altered follicular
functions. [12]. As mentioned above, the follicular fluid in women with endometriosis
may show decreased sex steroid hormone and related growth factors [11]. On the other
hand, temporal elevation of gonadal estrogens may be present by the impaired balance of
the hypothalamus-pituitary-ovarian axis. These imbalances can be caused by diminished
ovarian reserve in women with endometriosis. Since estrogen can be viewed as an inflam-
mation inducing agent, aberrant production of estrogen may be related to the accumulation
and activation of macrophages in local pelvic environments. The interaction between
macrophages and nerve fibers that cause pelvic pain may be implicated as neuroimmune
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interaction mediated by estrogen [15]. The alterations in estrogen production in women
with endometriosis can be associated with these neuroimmune interactions.
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Figure 1. Histomorphological characteristics of ovarian endometriosis and adjacent normal ovarian 
tissue. Representative photomicrographs of superficial ovarian endometriosis (a,c,e) and cyst wall 

Figure 1. Histomorphological characteristics of ovarian endometriosis and adjacent normal ovarian
tissue. Representative photomicrographs of superficial ovarian endometriosis (a,c,e) and cyst wall
of ovarian endometrioma (b,d,f). Hematoxylin and eosin (H.E.) staining of superficial ovarian
endometriosis (a) and cyst wall of ovarian endometrioma (b). Endometriotic lesions (E) are developed
on the ovarian surface (a). Marked hemosiderin deposits are present beneath the endometriotic tissue
lining (E) in the cyst wall (b). Detecting macrophage infiltration by CD68 immunohistochemistry (c,d).
Among the endometriotic tissue, CD68 positive infiltrated cells (red arrows) were determined both in
superficial lesions and the cyst wall of endometrioma. Tissue fibrosis were detected with a green
color by Masson-trichrome staining (e,f). A fibrotic layer is formed between endometriotic lesions
and normal a ovarian cortex (e). Dense fibrosis is evident in the cyst wall of ovarian endometrioma (f).
Each bar indicates 100 µm.

In assisted reproductive technologies (ART), after the controlled ovarian stimulation
(COS) with urinary or recombinant gonadotropin and gonadotropin releasing hormone
(GnRH) agonist or antagonist, estrogen and progesterone levels may be modified in women
with endometriosis. In women with diminished ovarian reserves, which is common in
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women with endometriosis, the number of growing follicles in the selected follicular
cohort may be decreased, then total production of estrogen or progesterone during COS
can be decreased. It is unclear whether endometriosis affects the secretory functions of
each single growing follicle during COS. Earlier studies on women with untreated severe
endometriosis showed similar hormonal profiles compared to the control women with
tubal factor alone, even though the treatment outcomes were impaired in women with
endometriosis [16]. Considering the compensatory effects of ovarian stimulation, hormonal
profiles during ART treatment in women with endometriosis may not actually reflect the
functional disturbances caused by disease itself. In other words, ovarian hyperstimulation
in ART may be beneficial in infertile women with endometriosis, who harbor less optimal
ovarian functions.

2.3. Quality: Oocyte Competence

Nourishing competent mature oocytes along with follicular development from the
primordial stage to the ovulatory Graafian follicle is one of the major roles of the ovaries.
Inflammatory follicular environments may affect oocyte competence in women with en-
dometriosis. Follicular fluid of women with endometriosis may show increased levels of
pro-inflammatory cytokines and chemokines [17]. Follicular fluids derived from women
with endometriosis may show specific inflammatory related antigen that form immune
complexes [18]. Oocyte maturity can be affected by inflammatory intra-follicular environ-
ments. The presence of intrafollicular oxidative stress in patients with endometriosis is an
event that is directly linked to reduced oocyte quality and infertility [19]. Oxidative stress
brought by hemorrhagic chocolate fluids in endometriomas may spread to surrounding
normal ovarian tissue. Animal studies showed that the follicular fluid of women with mild
endometriosis adversely affects nuclear maturation, and meiotic spindle of their oocytes,
thus inducing meiotic abnormalities [20].

Within ART, though it is after COS, oocyte maturity can be assessed after oocyte
retrieval. It had been controversial whether endometriosis itself compromises treatment
results in assisted reproduction. Despite the results of early trials, more recent data on
ART outcomes would suggest that when controlled for age, the IVF cycle outcome is not
compromised by the presence of endometriosis [21].

The impact of ovarian endometrioma on IVF/ICSI outcomes were analyzed by the
systematic review and meta-analysis, which showed a decreased mean number of re-
trieved oocytes and increased cycle cancelling rates compared to those of women without
endometriosis, though clinical pregnancy rate or live birth rate were not significantly
different [22]. In addition, women who had operations for ovarian endometrioma showed
reduced ovarian response with an increase in the total amount of gonadotropin, and a
further decline in the mean number of retrieved oocytes, though neither clinical pregnancy
rate nor live birth rate were not significantly affected [22]. These results may indicate that
endometriomas per se may affect ovarian reserves, but not final therapeutic outcomes of
ART, which might be compensated for by COS.

On the other hand, reduced ovarian reserves in women with endometriosis can result
in less competent ovarian follicles available. It could be possible that a proportion of poor
quality oocytes may be increased. Recent studies indicated that endometriosis reduces
the response to exogenous gonadotrophin and the number of metaphase-II oocytes after
controlled ovarian hyperstimulation, independent of women’s ages, antral follicle count
and anti-Müllerian hormone (AMH) [23].

The formation of ovarian endometriosis may be associated with the aberrant ex-
pression of ovarian receptors that are involved in the regulation of follicular growth and
oocyte quality. Recent studies have demonstrated that abnormal expression levels of
KISS1/KISS1R and TAC3/TACR3 systems, which act primarily at the hypothalamic level
of the gonadotropic axis where they modulate gonadotropin-releasing hormone (GnRH)
secretion and gonadotropin release, were found in ovarian granulosa cells derived from
women with advanced age, poor ovarian response, and endometriosis [24]. These results
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may indicate that they play important roles in local follicular growth regulation that is
involved in the pathogenesis of endometriosis-associated infertility.

2.4. Quantity: Ovarian Reserve

Ovarian reserve is a term concerning the quantity and quality of ovarian follicles
remaining at the certain time point [25]. As the assessment of the quality of ovarian
follicle in clinical settings is not straightforward, the term ovarian reserve may refer to the
quantity of remaining primordial follicles. Primordial follicles are formed in the course of
ovarian development in fetal life, then they maintain dormancy until they are activated
in later reproductive life. The incessant activation of primordial follicles during female
reproductive life may end in menopause. It is postulated that the activation of primordial
follicles may be enhanced in certain conditions. For example, a local decline in AMH levels
around the follicular nest may result in enhanced activation since AMH may work as an
inhibitor of primordial follicle activation [26]. The procedure that results in sudden decline
in AMH levels, such as surgery to the ovary, may evoke transient activation of primordial
follicles. While these activations occur in unfavorable local pelvic environments, such as
under the local chronic inflammation, may result in atresia of activated follicles. Surgery
for endometriomas may damage residual ovarian tissue, which contains growing and
dormant follicles, since significant decline in serum AMH levels after surgery had been
reported [27]. Additional deprivation of local AMH production may also lead to further
follicular activation. Altered folliculogenesis, such as enhanced follicular recruitment and
increase in follicle atresia may be designated as “burn-out” phenomenon, which may
be the cause of diminished ovarian reserves in women with endometriosis [28]. Serum
AMH levels may be decreased in women with endometriosis. Systematic review and
meta-analysis indicated surgery for endometrioma significantly decrease serum AMH
levels [29]. Although it is still controversial, even women with endometriosis who had
not been operated on may show diminished ovarian reserves, diagnosed by serum AMH
levels [30]. In addition, ovarian reserve in women with endometriomas may be modified
by laterality involvement, size of the cyst, severity of adhesion or fibrosis (i.e., degree of
inflammation), and disease duration, in addition to the woman’s age.

3. Treatment of Endometriosis and Ovarian Function
3.1. Medical Treatment

Considering endometriosis is a chronic inflammatory disease and has frequent re-
currence after surgery, repeated surgery should be avoided [31]. Although pathological
confirmation after surgery may be the gold standard of diagnosis of endometriosis, medical
treatment without surgery now serves as a mainstay of the treatment of women with
painful symptoms suspected of having endometriosis [32]. Early interventions with hor-
monal medical treatments, such as combined oral contraceptives or progestins, effectively
alleviates the symptoms. On the other hand, the effectiveness of these medications on
ovarian functions remains unclear. Long-term suppression of ovulation and consequent
menstruation may be beneficial to reduce the growth of endometriotic lesions as well as
protect ovarian functions. Although it is a short term (six month) study, women with
unilateral endometriomas receiving dienogest did not show significant changes in ovarian
reserves diagnosed by serum AMH levels and antral follicle count (AFC) [33]. The benefit
of long-term medical therapy on consequent ovarian reserves in women with endometrio-
sis should be clarified. Women with undiagnosed or asymptomatic endometriosis may
show infertility related to aberrant uterine receptivity, presumably caused by pelvic inflam-
mation. Medical treatment to suppress gonadal and local/peripheral estrogen production
resulted in better treatment outcomes in ART cycles [34,35]. Reduction of the activity of
endometriotic lesions may restore endometrial receptivity as well as the maintenance of
ovarian reserves.
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3.2. Surgery

As mentioned formerly, surgery for endometriosis may be harmful to ovarian function.
Especially, surgical procedures for ovarian endometriomas are sometimes detrimental to
ovarian functions. Several confounding variables may affect post-surgical ovarian func-
tions, such as bilateral involvement, large fibrotic cysts, skills of the surgeons, and previous
operations [36]. At the moment, the improvement of ovarian functions by surgery have not
been evidently shown. Considering endometriosis is a chronic progressive disease primar-
ily affecting young reproductive ages, early interventions to prevent disease progression is
mandatory. Medical treatment may be effective to alleviate the symptoms, but recurrence
after the cessation of medicine is frequent. If surgery can be done without a considerable
decline in reproductive functions, early surgical interventions may be considered. Favor-
able surgical outcomes while maintaining ovarian functions were reported. The repertoires
of modification of surgical treatment for ovarian endometriomas have been introduced
to minimize surgical trauma to normal residual ovarian tissue. For examples, three step
procedures using hormonal treatment may serve as ovarian reserve protecting surgical
procedures [37–39]. However, the benefit of early surgical intervention in young women
with endometriosis is still yet to be determined.

4. Conclusions

Endometriosis can affect ovarian functions in multifaceted ways (Figure 2). Local
chronic inflammation and fibrotic alteration of the ovarian cortex may be one of the causes
of reduced ovarian functions. Diminished ovarian reserves is a main deterioration of
ovarian function in women with endometriosis. Reduced availability of competent follicles,
along with an inflammatory milieu of intra-follicular environments may result in the
production of less competent oocytes, and altered production of ovarian steroid hormones.
Ovarian stimulation in infertility treatments may compensate for these dysfunctions. Early
medical or surgical intervention may be beneficial to protect ovarian function, but the
efficacy in not evidently shown. Future studies are warranted.
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