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ABSTRACT
Introduction: Endometriosis is a condition that mainly concerns women of reproductive age, which causes 

several problems, including subfertility. The phenotypic presentation of endometriosis is defined by a complex 
interplay between genetic profile, immunological and mechanical factors. In this literature review we examine 
the causality between endometriosis and subfertility, outlining possible mechanisms involved in the pathogenesis.

Aim: The purpose of this study was to conduct a literature review in order to identify the correlation between 
endometriosis and subfertility through possible mechanisms involved in the pathogenesis of endometriosis-asso-
ciated subfertility and treatment. 

Methods: A search in Medline/PubMed was done, using the terms “endometriosis” and “subfertility”, to 
identify the most relevant studies that were published during the last six years.

Results: Pathogenesis of endometriosis-associated subfertility is not clear yet, although some data indicate 
that there are several factors that could affect a patient's fertility. Involved mechanisms include mechanical 
obstruction such as ovarian tubal dysfunction and the abnormal peritoneal microenvironment, genetic, and 
epigenetic mechanisms, and immunological traits. It is fundamental to better understand these mechanisms in 
order to improve the therapeutic approach. 

Conclusions: The clinical management of endometiosis-related subfertility has to be improved. It is important 
to consider a change in the classification of endometriosis and, more importantly, an effort to avoid surgical 
procedures. There is a crucial need for effective protocols and novel targets for specific diagnosis and treatment. 
Consequently, the importance of understanding pathogenesis and genetic mechanisms is underlined. Future 
researchers should focus on novel non-invasive treatment methods that target specific pathogenic pathways.
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INTRODUCTION

Endometriosis is a chronic disease that is charac-
terized by the presence of endometrial glands 

and stroma-like lesions outside the uterus. It affects 

many sites, most commonly the pelvis, particularly 

the ovaries, peritoneum, pouch of Douglas, and 
uterosacral ligaments. It is mainly associated with 
pain and subfertility. Clinical manifestations of en-
dometriosis include dysmenorrhea, non-cyclical 
pelvic pain, dyspareunia, and subfertility. Gene rally, 
endometriosis affects women of reproductive age, 
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among which it has an estimated prevalence of 
5%-7%, while studies examining infertile women 
reported a prevalence of up to 35%. This may be 
an indication of a causal relationship between en-
dometriosis and subfertility (1, 2). 

The pathophysiology of endometriosis is not 
thoroughly clear. According to Sampon’s theory of 
implantation, which is the most widely accepted 
one among the many developed theories, an ear-
ly lesion establishes in the uterus and serves as a 
nidus for the proliferation of endometrial tissue. 
Subsequently, the tissue spreads to other pelvic 
regions via retrograde menstruation, attaching to 
and invading the peritoneum, which leads to the 
establishment of ectopic endometrial tissues out-
side the uterus. Retrograde menstruation occurs 
in many women, while endometriosis lesions are 
not developed in every case. Furthermore, in 
some cases, the condition is developed in women 
without a uterus and some men. These facts are 
not consistent with the implantation theory, re-
sulting in the need for a better explanation of en-
dometriosis pathogenesis. More recently, the 
G-E (genetic–epigenetic) theory proposes that 
when a combination of specific genetic and/or 
epigenetic cellular incidents occurs, irrespective 
of the original cell, it may exceed a certain thresh-
old leading to endometriosis (3). 

It is important to investigate mechanisms in-
volved in the pathogenesis of endometriosis in 
order to develop new treatment options, regar-
ding endometriosis-associated subfertility. Until 
now, treatment involved surgery or medical the-
rapy (4). It is crucial to find new therapeutic tar-
gets that can increase the chances of pregnancy 
and improve patients’ quality of life.

Aim
The purpose of this study is to review the litera-
ture in order to identify the correlation between 
endometriosis and subfertility through possible 
mechanisms involved in the pathogenesis of en-
dometriosis-associated subfertility and treat-
ment. Medline and PubMed were searched us-
ing the terms “endometriosis” and “subfertility” 
and focusing on the most relevant studies that 
were published during the last six years. q

RESULTS

Subfertility in patients with endometriosis is 
thought to be caused by a variety of reasons. 

Mechanical factors play a major part in the pro-
cess. By mechanically obstructing the transfer of 
oocytes, sperm, and embryos through the fallo-
pian tubes, occlusion of the fallopian tubes and 
peritoneal adhesions prevent fertilization and 
implantation. Furthermore, gamete migration is 
hampered by tubal motility impedance caused 
by high cytokine levels (5).

Pelvic adhesion involving the ovaries and 
tubes may hinder egg release from the ovary, im-
pair tubal ovum pick up or ovum transport, 
and/or block sperm transfer into the fallopian 
tube, concerning patients with moderate to se-
vere endometriosis. The use of hysterosalpingo-
scintography (HSSG) revealed that patients with 
endometriosis had a substantial decrease in the 
physiologic utero-tubal transport capacity when 
compared to controls (6).

 According to later investigators, subfertility in 
women with endometriosis may be due to poor 
oocyte quality, which might reflect embryo 
and/or endometrial aberrations or interactions 
between the endometrium and embryo. The im-
portance of oocyte quality in subfertile patients 
has been emphasized by studies on oocyte do-
nation cycles. In a retrospective analysis, re-
searchers examined the outcomes of ovodona-
tion cycles and reported that females with and 
without endometriosis, who received oocytes 
from donors without the disorder, had equal im-
plantation and pregnancy rates, whereas females 
without endometriosis who acquired oocytes 
from women with endometriosis had much lo-
wer implantation rates. Therefore, these findings 
imply that endometriosis-related oocyte altera-
tion results in worse quality embryos with a de-
creased chance of implantation (7). 

Patients with endometriosis presented a re-
duced ovarian reserve. They also showed con-
siderably lower levels of serum anti-Müllerian 
hormone (AMH) than healthy controls, which 
could be a marker of this condition. In contrast, 
no variations in follicular fluid (FF) AMH levels 
were found between females with endometriosis 
and healthy controls. When researchers com-
pared IVF endometriosis patients to control sub-
jects, they reported lower yields of rates of im-
plantation and pregnancy, fertilization rates, 
high-quality day 3 embryos, and rates of blasto-
cyst formation. A rise in the rate of spontaneous 
abortions has also been noted. In addition, the 
severeness of alterations relies on the stage of en-

How Does enDometriosis Affect fertility?
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dometriosis: those with stage III-IV endometrio-
sis presented a poorer quality of embryos, fewer 
retrievable oocytes, lower rates of implantation, 
fewer fertilizable oocytes and fewer fetuses com-
pared to patients with stage I-II endometriosis or 
without endometriosis (5).

While the follicular environment is important 
for oocyte maturation, changes in FF composi-
tion may impair oocyte quality, influencing ferti-
lization, early embryonic development and fu-
ture pregnancy. Follicular fluid is a metabolically 
active milieu in which granulosa cells, endothe-
lial cells and leukocytes release steroid hor-
mones, growth factors, cytokines, reactive oxy-
gen species (ROS) and antioxidants. When ROS 
are exceeding, despite their essential role in 
some functions of the female reproductive tract, 
they can have a negative impact particularly on 
the levels of estradiol (E2), which represent a sig-
nificant predictor of ovarian response, leading to 
steroidogenesis and oocyte maturation damage 
(7). It is seen that the number of preovulatory 
follicles, follicular growth, dominant size, and 
follicular estradiol concentrations are all de-
creased in women with endometriosis. In addi-
tion, a higher percentage of apoptotic cells in the 
granulosa cells of female patients is observed, 
indicating low oocyte quality (6). 

Over the years, researchers have looked into 
the role of endometrium in endometriosis-rela-
ted subfertility, suggesting that changes in endo-
metrial receptivity due to late histological matu-
ration or biochemical perturbations in the 
eutopic endometrium may impair embryo im-
plantation in female patients with endometriosis 
(8).

Hormones, cytokines, adhesion molecules 
and other variables are all involved in endome-
trial receptivity, which allows the growing em-
bryo to implant. In the endometrium of female 
patients with endometriosis, a defective “win-
dow of implantation” might be due to insuffi-
cient expression of several endometrial recepti-
vity molecules. Integrins have been suggested as 
sensitive indicators of endometrial receptivity. In 
healthy controls, aνβ3 integrin expression super-
venes within the implantation window, and the 
absence is linked to poor reproductive results. A 
reduced endometrial expression of aνb integrin 
has been reported in some women with endo-
metriosis-associated subfertility and may impede 
embryo attachment during implantation. Fur-

thermore, lower expression of four implantation 
indicators, including lysophosphatidic acid re-
ceptor 3, glycodelin A, HOXA10, and osteopon-
tin in endometriosis patients indicates an im-
paired endometrial receptivity (6).  

When comparing subfertile female patients 
with endometriosis to those without the disease, 
it is observed that the level of peritoneal fluid 
(PF) is much higher. Incubation with PF from 
women with moderate to severe endometriosis 
resulted in sperm motility decreases of approxi-
mately 40%, 50% and 80%. Furthermore, PF in-
hibits the sperm acrosome response, sperm at-
tachment to the zona pellucida, and ciliary 
activity in the fallopian tube in individuals with 
endometriosis. Endometriotic implants were 
shown to produce estradiol and progesterone, 
which ulcerate VEGF, interleukin-8 (IL-8), and 
macrophages, which suggests that endometriosis 
may be caused by processes that change follicu-
lar growth and ovulatory failure (6).

Many studies regarding the genetic associa-
tion of endometriosis aimed to reveal candidate 
genes and single nucleotide polymorphisms 
(SNPs), and hence to understand the pathoge-
nesis and reveal possible therapeutic targets (9). 
Genes involved in inflammatory and detoxifica-
tion processes, cell adhesion, and endocrine 
pathways are correlated with endometriosis (10).

Homeobox A (HOXA) is a sequence of signa-
ling events involved in implantation. It is a trans-
cription factor, a member of GATA family. Gene-
rally, it is proven that this gene is up-regulated 
during implantation, especially in the mid-secre-
tory phase of the menstrual cycle. There are 
many studies examining the role of HOXA-10 
gene expression patterns during endometriosis, 
with controversial results (11). Furthermore, 
some epigenetic changes in these genes have 
shown that hypomethylation and activation of 
GATA6 and hypermethylation and downregula-
tion of GATA2 led to endometriosis–related 
changes (12). In another recent study, a compa-
rison of HOXA-10 gene expression in fertile 
women without endometriosis, infertile women 
without endometriosis, and infertile women with 
endometriosis revealed that it is down-regulated 
in women with endometriosis, especially infer-
tile ones (11). 

Transforming growth factor β (TGF-β) is ano-
ther gene superfamily related to endometriosis. In 
a recent study investigating the gene expression 
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for ligands, receptors and intracellular signaling, a 
reduced expression of BMP-6 and SMAD4 was 
noticed in females with peritoneal endometriosis 
(13). Genetic polymorphisms of matrix metallo-
proteinase (MMP)-12 and -13 are also correlated 
with superficial endometriosis (9). 

Many other genes and polymorphisms have 
been associated with endometriosis-related sub-
fertility. In a recent meta-analysis from 242 dif-
ferent genes, 28 were eligible and five of them 
– glutathione S-transferase pi 1 (GSTP1) rs1695, 
glutathione S-transferase mu 1 (GSTM1) null 
genotype, wingless-type MMTV integration site 
family member 4 (WNT4) rs16826658 and 
rs2235529 and interferon-gamma (IFNG) (CA) 
repeat – had a strong correlation with endome-
triosis (10).

Epigenetic modifications are considered im-
portant in endometriosis-related subfertility. 
These modifications involve histone modifica-
tion, DNA methylation, microRNAs (miRNAs), 
and long non-coding RNAs (lnsRNAs). Changes 
in some estrogen receptors (ERs) and progeste-
rone receptors (PRs) may have an important im-
pact (14). In a recent study, it was reported that 
histone deacetylase 3 (HDAC3) was downregu-
lated in females with endometriosis, which was 
related to increased fibrosis, hormonal signaling 
and impaired endometrial receptivity (15). Ano-
ther study investigated aberrant aromatase expres-
sion (CYP19A1) in infertile women with endo-
metriosis and demonstrated that its decrease 
might have resulted from epigenetic alterations, 
impairing follicular steroidogenesis and leading 
to poor oocyte and embryo condition (16). Also, 
a recent study investigated the role of many exo-
somal miRNAs. Many miRNAs were possibly in-
volved in regulating the endometrial receptivity 
in infertile patients with endometriosis (17). 

Oxidative stress is one of the most studied 
mechanisms connected to endometriosis-asso-
ciated subfertility. Endometrial cells are affected 
by abnormally high amounts of ROS produced 
by oxygen metabolism, which results in the da-
mage of proteins, lipids but also DNA structure, 
disrupting cellular cycle and function (4). In-
creased blood levels of advanced oxidation pro-
tein products together with nitrates were identi-
fied by a study focusing on the assessment of 
biochemical imbalances in women undergoing 
surgery for gynecological disorders, notably in 
those with late stages of endometriosis (18). Lin 

et al found increased ROS levels in endometrio-
sis granulosa cells (GCs) as well as evidence that 
ROS-induced GCs senescence contributed to 
endometriosis-associated subfertility (19).

Endometriosis is characterized by a complex 
landscape of elevated amounts of immune fac-
tors such as cytokines, prostaglandins, and me-
talloproteinases, which contribute to the growth 
and progression of the disease. In patients with 
endometriosis, subfertility is caused by a persis-
tent inflammatory condition brought on by an 
aberrant peritoneal environment. Some cyto-
kines and chemokines observed in high quanti-
ties in the PF and sera of subfertile women with 
endometriosis are considered to play a role in 
the progression of the inflammatory state. The 
most investigated molecules include IL-1, IL-6, 
IL-8, monocyte chemoattractant protein 1 (MCP-1), 
transforming growth factor-β (TGF-β), tumor ne-
crosis factor-α (TNF-α), RANTES, and vascular 
endothelial growth factor (VEGF) (20, 21). 

In their study, Jorgensen et al detected the 
concentration of 48 separate cytokines from the 
PF among women undergoing laparoscopy for 
subfertility investigation with different immuno-
assays. They demonstrated that four cytokines, 
including SCGF-β, IL-8, HGF and MCP-1, had 
substantially greater concentrations in female 
patients with endometriosis than control persons 
without the condition, while IL-13 showed a de-
creased concentration in endometriosis patients 
(22). Another research, that evaluated the cor-
relation between the level of four soluble im-
mune checkpoints, including sHLA-G, sPD-1, 
sCTLA4 and sPD-L1, and the clinical characteri-
stics of endometriosis-associated subfertility de-
monstrated that sPD-L1 was a potential bio-
marker. Furthermore, the research revealed that 
sPD-L1, sPD-1 and sCTLA-4 in the PF may be 
implicated in the pathogenesis as immune regu-
lators (23). A meta-analysis conducted by 
Malvezzi et al supported the link between endo-
metriosis-associated subfertility and high serum 
proinflammatory interleukins, including IL-6 and 
IL-8, while as far as IL-1 was concerned, it did 
not provide significant evidence of differences in 
concentration between endometriosis patients 
and controls in serum, FF and PF (24).

Endometriosis is characterized by an in-
creased immune response as well as an enhance-
ment in the number of B lymphocytes and the 
formation of autoantibodies. Endometriotic le-
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sions were extensive in plasma cells and activat-
ed macrophages, with strongly expressed cyto-
kine B lymphocyte stimulator (BLyS), according 
to immunohistochemistry and gene expression 
microarray evaluation. B lymphocytes produce 
high levels of autoantibodies in response to ele-
vated levels of BLyS (20). Furthermore, women 
with endometriosis presented higher antinuclear 
(ANA), anti-SSA/Ro and antiphospholipid auto-
antibodies (aPL) compared to controls. In con-
trast to subfertile patients without endometriosis, 
anti-sperm and anti-cardiolipin antibodies were 
observed at higher numbers in the sera and peri-
toneal fluids among 323 women experiencing 
varying stages of endometriosis (21).    

Generally, there are three strategies regarding 
the treatment of endometriosis-associated sub-
fertility, surgery, assisted reproduction or medical 
treatment. Currently, assisted reproduction is of-
ten combined with medical treatment. Future 
perspectives include immunomodulatory and 
stem cell therapy (4).

Surgery is an important approach to the treat-
ment of endometriosis-associated subfertility. It 
can be achieved by laparotomy, laparoscopy or 
robotic surgery (4). The stage of the disease plays 
an important role in the prediction of procedural 
outcome. Data from different studies regarding 
minimal/mild endometriosis suggests that there is 
an increase in pregnancy rate after surgery, but a 
30% cumulative probability of pregnancy during 
36 weeks may not be sufficient to justify the risk 
of surgery (25). 

Medical treatment has two available direc-
tions, suppress follicle growth leading to ameno-
rrhea or stimulate follicle growth and ovulation. 
The first strategy can be achieved by drugs like 
gonadotropin-releasing hormone agonists, pro-
gestins, danazol, or oral contraceptives, but they 
do not offer a solution to subfertility. Clomiphene 
citrate alone or in combination with gona-
dotropins can be used to stimulate follicle 
growth (25). q 

DISCUSSION

Even though the association between subferti-
lity and endometriosis is still debatable, clini-

cal observations and a variety of studies support 
a causal link. The pathogenesis of endometrio -
sis-associated subfertility is not clear yet, al-

though some data indicate that several factors 
could affect a patient's fertility.

As shown by the present review, mechanisms 
involved include mechanical obstruction such as 
ovarian tubal dysfunction and the abnormal peri-
toneal microenvironment, genetic, and epige-
netic mechanisms, and immunological traits. 
Cellular cycle-, proliferation- and apoptosis-re-
lated loci, genes involved in inflammatory and 
detoxification, angiogenesis-related genes, and 
hormonal function genes have been associated 
with endometriosis. Endometriosis is characte-
rized by an increased immune response as well 
as an enhancement in the number of B lympho-
cytes and formation of autoantibodies. IL-1, IL-6, 
IL-8, monocyte chemoattractant protein 1 (MCP-1), 
transforming growth factor-β (TGF-β), tumor ne-
crosis factor-α (TNF-α), RANTES, and vascular 
endothelial growth factor (VEGF) are among the 
most investigated molecules.

The usual treatment of endometriosis-associ-
ated subfertility consists of surgery and medical 
treatment. As regards surgery, it can be achieved 
by laparotomy, laparoscopy or robotic surgery. 
Finally, medical treatment has two available di-
rections: either suppression of follicle growth 
leading to amenorrhea or stimulation of follicle 
growth and ovulation. There are conventional 
and emerging medical treatments for endome-
triosis. Conventional drugs include progestins, 
combined oral contraceptives, GnRH agonists/an-
tagonists, nonsteroidal anti-inflammatory drugs, 
and aromatase inhibitors, while emerging medi-
cines focus on disease-specific targets. q

CONCLUSIONS

Even though the association between subferti-
lity and endometriosis is still debatable, clini-

cal observations and a variety of studies support 
a causal link. New studies focus on understan-
ding changes in women with endometriosis-re -
lated subfertility. There are changes in oocyte 
quality, like AMH levels, that can be used as mar-
kers of endometriosis. Moreover, endometrial 
and peritoneal alterations may suggest a patho-
genetic mechanism, involving many molecules. 

Regarding clinical management, starting with 
the classification of endometriotic lessons, there 
is a need for others systems like EFI systems, that 
can predict a more accurate pregnancy rate. Ad-
ditionally, although laparoscopy is still the most 
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frequent intervention, recent studies reveal that 
surgical procedures may damage the ovary, lea-
ding to non-invasive treatment approaches. Sub-
fertile women currently use IVF as the most com-
mon approach, although endometriosis lowers 
the success of the therapy. New studies support 
protocols than can increase pregnancy rates. Re-
garding medical treatment, there are many avai-
lable hormonal treatments, that can be used as a 
pretreatment to ART, and non-hormonal medi-
cal agents that target inflammation or angiogne-
sis, although there is a crucial need for more ef-
fective drugs.

Future researchers should focus on novel 
non-invasive treatment methods that target spe-
cific pathogenic pathways. New protocols have 
to be investigated leading to a safer and more 
effective ovulation induction regimen. Further-
more, understanding the genetic, epigenetic and 
immunological differences can reveal new po-
tential biomarkers and therapeutic targets. Con-
sequently, uncovering candidate genes and sin-
gle nucleotide polymorphisms (SNPs) is an 
important direction for investigation. q
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