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Introduction

Uterine fibroids (leiomyomas, myomas) are the most 
common benign tumors affecting reproductive organs 
in women. They are the monoclonal tumors of uterine 
smooth muscle, which spring from myometrium [1]. Fi-
broids consist of large amounts of extracellular matrix 
(ECM), which contains collagen, fibronectin and proteo-
glycans [2, 3]. It is estimated that they affect 50-60% 
of the female population and rise to 70% by the age 
of 50 [4]. While mostly asymptomatic, myomas can be 
connected with several conditions, including abnormal 
bleeding with subsequent anemia, pelvic masses, pel-
vic pain, bulk symptoms, unfavorable impact on fertility 
and obstetric complications [5]. Despite the progress in 
the field of medicine, the actual cause of fibroids has 
not been discovered yet. However, it has been proved 
recently that estrogens and progesterone have some in-
fluence on the leiomyomas etiology. Scientists observed 
that in women undergoing progesterone therapy or 
treated with medroxyprogesterone acetate, there was 
an increase in mitotic and cellular activity [6-8]. Moreo-
ver, estrogens are connected with increased prolifera-
tion of uterine fibroid smooth muscle cells [9, 10]. There 
are also other factors which predispose the emergence 
of fibroids: Afro-American ethnicity, age, obesity, ad-
verse pregnancy history, early menarche, genetic factors 
(chromothripsis), and excessive use of alcohol, caffeine 
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or eating too much red meat. On the other hand, there 
are factors which can decrease this risk: pregnancy, ear-
ly menopause and tobacco smoking [11-13].

Methods

A  comprehensive review of literature on uterine 
fibroids and their influence on fertility impairment 
was carried out. PubMed and Google Scholar websites 
were used to find significant articles. Terms such as: 
“uterine fibroids”, “fibroids”, “leiomyomas”, “myomas” 
were used in combination with “fertility”, “infertility”, 
“fertility impairment”. References from these articles 
were used to identify new sources. The reports written 
in English and in Polish were included in the literature 
review. There were no restrictions on the year of pub-
lication. The existing knowledge about the connection 
between leiomyomas and fertility impairment was de-
scribed.

Results

Donnez in his recent article mentioned several mech-
anisms of infertility in females with fibroids: alterna-
tions in uterus function (flawed blood supply, increased 
contractility), changes in the normal uterus anatomy, lo-
cal hormonal changes induced by fibroids [14].
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One in ten women seeking fertility treatment has 
fibroids [15-17]. Their effect on fertility impairment de-
pends on the location of the fibroid. Intramural and 
submucosal fibroids have the most significant impact. 
Klatsky et al. in their systematic review stated that pa-
tients with submucosal myomas distorting the uter-
ine cavity had lower implantation rates and increased 
incidence of early pregnancy loss in comparison with 
women without fibroids [18-21]. Pritts et al. in their 
meta-analysis showed that women with submucosal 
myomas had significantly decreased live birth rates, on-
going pregnancies, pregnancy rates and implantation 
rates. This type of fibroids also had a connection with 
an increased risk of spontaneous abortion [22]. Intramu-
ral fibroids are located within the wall of myometrium. 
Pritts et al. reported data which showed significantly 
lower rates of implantation, ongoing pregnancies, live 
births, and increased rates of spontaneous abortions in 
women with intramural leiomyomas [22]. An ultrasound 
image of an early pregnancy in a patient with fibroids 
is shown on Fig. 1. 

Many studies are focused on association between 
fibroids and in vitro fertilization (IVF) outcomes. The 
most extensively investigated factor is myoma location. 
There is a consensus that submucous uterine fibroids 
or intramural leiomyomas distorting the cavity of the 
uterus are connected with lower clinical pregnancy 
rates, delivery rates and higher spontaneous abortion 
rate after IVF or intracytoplasmic sperm injection (ISCI) 
treatment [5]. Christopoulos et al. presented data of 
lower pregnancy rates after IVF in women with non-
cavity-distorting myomas [23]. Sagi-Dain et al. pub-
lished results of a  retrospective analysis of 744 ovum 
donation cycles, which were conducted in two private 
IVF centers between 2005 and 2012. Transvaginal ul-
trasound examination including the analysis of the 
endometrial thickness and grad measurements was 
performed in all recipients. The recipients with fibroid 
uteri had a  decreased endometrial thickness, lower 

rates of Grade A and higher rates of Grade C endome-
trium. Also, in this group significantly higher spontane-
ous miscarriage rates were observed, which could be 
explained by the adverse sonographic appearance of 
the endometrium [24].

On the other hand, there also is contrary data. The 
Assessment of Multiple Intrauterine Gestations from 
Ovarian Stimulation clinical trial by the Reproductive 
Medicine Network found no differences in conception 
and live birth rates in women with non-cavity-distorting 
intramural leiomyomas [25]. Additionally, in a study fo-
cused on pregnancy rates in the recipients of donor oo-
cytes by Klatsky et al. no differences were found in the 
implantation or clinical pregnancy rates in women with 
or without uterine fibroids [26].

As long as conflicting data will be given, the debate 
about the clinical effect of non-cavity-distorting intra-
mural fibroids will be ongoing. There are suggestions 
that if a clinical effect is present, it might be unmasked 
and as a  result become more clinically significant for 
IVF cycles than for ovarian stimulation and intrauterine 
insemination. 

Another question is how the size of a fibroid is asso-
ciated with the harmful effect on the endometrial func-
tions. Pritts et al. investigated this problem and found 
no connection between fibroid size or number and en-
dometrial function, yet it need to be noticed that these 
data were obtained from only 5 studies [22].

It is noteworthy that hysteroscopic myomectomy 
can improve clinical pregnancy rates with timed in-
tercourse from 21% to 39%, which was shown in 
a Cochrane review [27].

When discussing implantation disorders, the win-
dow of implantation (WOI) has to be defined. WOI is 
a  narrow time period during which endometrium is 
receptive to implantation of the embryo. It occurs be-
tween the 7th and 10th day following the luteinizing hor-
mone (LH) surge. This is the time when endometrium 
is prepared for the attachment of the blastocyst [28]. 
Basically, the successful implantation includes apposi-
tion, adhesion and invasion, but in practice a complex 
series of interactions between various processes are es-
sential for these steps to occur. Any small change e.g. 
aberration could result in infertility, implantation failure 
or early pregnancy loss.

Previous literature reviews showed the effect of 
myomas on endometrial function. Submucosal fibroids 
produce a  blunted decidualization response with de-
creased release of cytokines critical for implantation, 
such as leukemia inhibitory factor (LIF) and cell adhe-
sion molecules. Additionally, fibroids can alter the ex-
pression of genes, which are crucial for implantation, 
such as glycodelin, bone morphogenetic protein recep-
tor type II (BMPR2). This is performed through paracrine 
interactions. This phenomenon affects the entire endo-
metrium, not only the part in contact with a fibroid. 

Fig. 1. An early intrauterine pregnancy (gestational sac and 

embryo – vertical arrow) located in a uterus with an intramu-

ral fibroid (horizontal arrow)
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Transcription factors known as homeobox genes - 
homeobox A10 (HOXA10) and homeobox A11 (HOXA11), 
expressed in the female reproductive system are impor-
tant for implantation [29]. The expression of HOXA10 
is lower in endometrium of women with submucosal 
myomas. This decreased expression is most influential 
in the endometrium, which overlies the submucosal fi-
broid, but can be observed also throughout the endo-
metrium [30]. The decreased expression of the cell ad-
hesion molecule E-cadherin and HOXA10 was described 
in the endometrium of women with non-cavity-distort-
ing intramural leiomyomas during the WOI [31]. 68.8% 
of women with uterine fibroids had low mid-secretory 
phase expression of HOXA10 protein [32]. Bone mor-
phogenetic protein type II (BMP2) mediates HOXA10 
expression and if there exists an increased endome-
trial resistance to BMP2, it may add up to a decreased 
expression of HOXA 10 in the endometrium of these 
patients [33].

Ben-Nagi et al. measured levels of interleukin (IL) 
6, IL-10, tumor necrosis factor α (TNF-α), osteopontin, 
glycodelin in uterine flushing of women with and with-
out submucosal myomas during WOI. There were de-
creased levels of glycodelin and IL-10 in uterine flush-
ing from the mid-luteal endometrium of women with 
fibroids [34]. 

The rise of progesterone following ovulation is re-
sponsible for decidualization of endometrium marked 
by the increasing levels of vascular endothelial growth 
factor (VEGF) and prostaglandins, which results in in-
creased endometrial blood vessel permeability allow-
ing for extravasation of polymorphonuclear cells. These 
cells also produce cytokines crucial for implantation, 
including LIF [35].

The LIF-deficient mice showed no chance for im-
plantation because of defective decidualization, but 
embryos from LIF-deficient mice were able to implant in 
the endometrium of a wild type mice [36]. In humans, 
the expression of LIF increased in the luteal phase and 
its peak falls during WOI. On the other hand, when sub-
mucosal fibroids exist, the luteal phase increase in ex-
pression of LIF protein is blunted [37]. Deregulation of 
LIF production in secretory endometrium appears clini-
cally as unexplained fertility impairment and recurrent 
abortions [38].

Interleukin 11 (IL-11) is crucial to sustain decidualiza-
tion. The IL-11-deficient mice can start decidualization, 
but are not able to complete the decidual response, 
which leads to pregnancy loss by day 8 [39]. In humans, 
IL-11 is responsible for regulation of trophoblast inva-
sion. Its production is lower during WOI if submucosal 
myomas exist [37], which may lead to impaired implan-
tation, yet new studies are needed to confirm the clini-
cal correlation.

Progesterone also induces BMP2 secretion and its 
downstream target wingless-type Mouse Mammary 

Tumor Virus (MMTV) integration site family, member 
4 (WNT) by embryonic stem cells (ESCs). The endome-
trium in BMP2-deficent mice cannot undergo deciduali-
zation due to the absence of BMP2 production. Despite 
the possibility of embryo attachment in BMP2-deficient 
mice, defective decidual differentiation results in im-
paired implantation and pregnancy loss [40]. In spite of 
the exposition on progesterone, WNT4 knockout mice 
have abnormal implantation as a result of defective ESC 
survival and decidualization [41]. BMP2 activation in re-
sponse to progesterone may be necessary for WNT4 
activation and subsequent implantation.

Uterine fibroids can put huge stress and stretch the 
nearby myometrium and overlying endometrium, pro-
portionate to the size and location of the myoma. This 
increased uterine stretch is connected with abnormal 
gene expression [42-44], which is associated with physi-
cal existence of fibroids. This usually results in impaired 
uterine contractility. According to the recent studies, 
uterine contractility implicates implantation. Abnormal 
uterine contraction and peristalsis during mid-luteal 
phase in women with leiomyomas have been observed 
on cine magnetic resonance imaging [45]. Yoshino et al. 
in their study suggest that abnormal uterine peristal-
sis during WOI in women with intramural fibroids may 
lead to defective implantation and poor pregnancy out-
comes in this group of patients [46], yet further studies 
are needed to confirm this data.

Conclusions

According to the current literature submucosal and 
mural leiomyomas exert significant effects on func-
tioning and gene expression of endometrium. There is 
a strong relation between submucosal myomas, which 
distort the uterine cavity infertility. On the other hand, 
the clinical significance of intramural fibroids is con-
troversial. Further studies are required to provide firm 
evidence for the connection of intramural myomas with 
infertility.
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