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Abstract
Intrauterine devices (IUDs) are effective and safe long-acting reversible contraceptive methods for preventing unplanned preg-
nancies. While extensive studies were conducted to evaluate return to fertility after removal of IUDs, majority of them were
focused on multiparous women using copper IUDs. Current trends indicate increased use of levonorgestrel (LNG) IUDs in
nulliparous women for very long periods of time, with both nulliparity and long duration of LNG-IUD use being potentially
associated with trends towards longer time to conception post removal. Understanding the effects that LNG-IUDs may have on
endometrial morphology and gene expression has important implications to further understanding their mechanism of action.
Studies examining endometrial gene expression show persistent changes in receptivity markers up to 1 year after removal of an
inert IUD, and no similar studies have been performed after removal of LNG-IUDs. Given the current gap in the literature and
trends in LNG-IUD use in nulliparous young women, studies are needed that specifically look at the interaction of nulliparity,
long-term use of LNG-IUD, and return to normal fertility. Herein, we review the available literature on the mechanism of action
of IUDs with a specific focus on the effect on endometrial gene expression profile changes associated with IUDs.
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Introduction: endometrial receptivity
and window of implantation

Successful implantation of an embryo into the endometrium
requires a functionally normal embryo and a receptive endo-
metrium. It is well established that embryonic factors play a
pivotal role in successful implantation, of which the most
commonly recognized embryonic defect is chromosomal
abnormalities1. However, the majority of studies examining
outcomes of euploid embryo transfer into uteri with appropri-
ately developed and synchronized endometrium report that
only 50–65% of euploid embryos result in live births, leading
to the conclusion that a significant portion of these failures
may be due to endometrial defect2, 3. Numerous studies within

the last couple of decades have evaluated endometrial recep-
tivity and window of implantation1–3. The window of implan-
tation (WOI) is a limited period of time, typically occurring 6–
8 days after ovulation, when implantation can occur.
Endometrial receptivity is defined as “the temporally and spa-
tially unique set of circumstances within the endometrium that
facilitates successful embryonic implantation1.” Several stud-
ies have identified molecular markers that appear in the endo-
metrium only during the specific timing of the WOI and that
define endometrial receptivity to embryo implantation. These
markers include integrins (ITGs), interleukin-1 (IL-1), calci-
tonin (CAL), amphiregulin (AREG), epidermal growth factor
(EGF), HB (heparin binding)-EGF, colony stimulating factor
(CSF), leukemia inhibitory factor (LIF), mucins (MUC), lep-
tin (LEP), L-selectin ligands (SELL), Homeobox A (HOXA) ,
cyclooxygenase (COX), and others4. Failed implantation of
morphologically and/or genetically normal embryo in the ab-
sence of structural uterine abnormality is suggestive of im-
paired endometrial receptivity.

Two hormones, estrogen and progesterone, are vital to the
development of a receptive endometrium, with the WOI be-
ing determined by the time of exposure to progesterone after
sufficient exposure to estrogen priming5. Progesterone is the
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main hormone that controls the luteal phase and the window
of implantation. In most target tissues, including endometri-
um, estrogen upregulates progesterone receptors6, 7. After
ovulation, progesterone levels rise and its physiologic ef-
fects on the endometrium are primarily mediated through
the interaction with the progesterone receptors. It influences
morphological changes by causing endometrial stromal
decidualization and pinopode formation and indirectly influ-
ences the window of implantation by upregulation and
downregulation of apposition and attachment molecules, cy-
tokines, and growth factors and downregulation of estrogen
receptors1, 3, 8. Specifically, progesterone is known to en-
hance expression of endometrial receptivity markers such as
CSF, interleukins (ILs), vascular endothelial growth factor
(VEGF), prostaglandins (PTGs), glycodelin, insulin-like
growth factor II (IGF II), HB-EGF, fibronectin (FN), and
L-selectin (SELL) and may indirectly influence expression
of LIF and beta-3-integrin, all of which are important for
implantation and thus for establishing a successful
pregnancy1, 2.

These molecular changes correlate to histologic changes to
the endometrium throughout the menstrual cycle as described
by the Noyes et al. criteria.9 Additionally, changes in thickness
and texture of the endometrium can be detected by ultraso-
nography throughout the cycle. After menses, the endometri-
um appears as a thin hyperechoic line. As estrogen levels rise,
the basal layer proliferates and results in a triple-line appear-
ance of the endometrium.9

Methods

During preparation of this review, an electronic literature re-
view was conducted for published articles in English lan-
guage, with full text available, pertaining to the levonorges-
trel, copper, and inert intrauterine device; return to fertility
after discontinuation; and endometrial gene expression and
endometrial receptivity. The Pubmed online database was
searched with the following keywords: “levonorgestrel IUD
and return to fertility,” “endometrial receptivity and IUD,”
“levonorgestrel IUD and endometrium,” “copper IUD,” “in-
fertility,” and “endometrial gene expression.” After screening
the abstracts for relevance of the content, the full texts of the
select articles were reviewed. Additionally, references of arti-
cles selected for review were analyzed and used to find addi-
tional articles for inclusion.

Factors affecting endometrial function

There are several factors that can affect endometrial function,
such as anatomic causes (submucosal fibroids, polyps, and
intrauterine synechiae)10–12, infection13, 14, and endocrine

disruptors15, 16. It is also well established in the IVF literature
and clinical practice that endometrial thickness and pattern on
ultrasound are linked to implantation rate17, 18. Persistent thin
endometrium as a cause of infertility is rare but very difficult
to treat. Several studies evaluated the effects of various hor-
monal agents on endometrium, including the levonorgestrel
IUD (LNG-IUD)19–21, which is the primary focus of the cur-
rent review. As endometrial suppression/atrophy is one of the
mechanisms of action of LNG-IUDs22, 23, it is desirable that
we understand the reversibility of this effect when
recommending it for long-term use particularly in nulliparous
women. To the best of our knowledge, there has yet to be a
study that adequately assess long-term use of LNG-IUD in
nulliparous compared with the multiparous population. The
nulliparous population is of particular concern given their fer-
tility has yet to be proven.

Overview of mechanism of contraceptive
action of intrauterine devices with emphasis
on endometrium

There are two types of IUDs available in the USA: the copper
IUD (most commonly used Paragard IUD) and levonorgestrel
(LNG) IUD (trade names Mirena, Liletta, Skyla, and Kyleena,
varying in their LNG dose and approved length of use). The
literature has described effects of IUDs on sperm motility,
transport and function (outside of the scope of this review),
follicular development, ovulation, fertilization, and endome-
trial receptivity (see below and Table 1). Additionally, while
not available for use in the USA, inert IUDs were previously
available in other countries and have been described in the
literature as far as their effect on endometrial receptivity and
gene expression.

Copper IUD

The copper IUDwas approved by the FDA for use in the USA
in November 198424. The primary mechanism of action of the
copper IUD is to impair fertilization25. Copper ions accumu-
late throughout the entire reproductive tract including the
fallopian tubes and are toxic to spermatozoa and unfertilized
and fertilized oocytes25. There is no effect on follicular devel-
opment or ovulation25. While there are no in vivo studies
specifically evaluating the effect of the copper IUD on the
endometrium at the molecular level, Carrascosa et al. demon-
strated that addition of copper to decidualized human endo-
metrial stromal cells (dHESCs) in vitro disrupts the gene sig-
nature associated with endometrial receptivity26, thus suggest-
ing that impairing endometrial receptivity can be part of the
mechanism of action of the copper IUD.

In this study, dHESCs were decidualized over a period of 8
days; on days 6 and 7 of chemical decidualization, copper was
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added to the medium for the treatment group at the same con-
centration found in patients who used the copper IUD.26

Copper-treated dHESCs revealed dysregulation of 49 of 192
endometrial receptivity and immunological response genes,
resulting in a characteristic gene signature. Copper decreased
IGFBP1 levels to half the levels seen in the decidualized control
group. Additionally, some well-known genes associated with
the decidualization process were dysregulated including che-
mokine motif ligand 6 (CXCL6), ILs, and LIF.26 Interestingly,
up to 19 of the 49 genes dysregulated during copper treatment
are implicated in the endometriosis pathway.26 The authors hy-
pothesized that the alteration in the gene signature induced by
copper may explain one of the main side effects of the copper
IUD such as increasing menstrual bleeding, through modifica-
tion in the subendometrial microvascularization.26

Levonorgestrel IUD

The primary mechanism of action of the LNG-IUD is thick-
ening of cervical mucus and decreasing motility of
spermatozoa25. It has also been shown to affect ovulation to
some degree within the first year of placement, but, thereafter,
most cycles become ovulatory. One study showed the inci-
dence of ovulatory cycles with the LNG-IUS 20 mg/24 h
(Mirena) and the copper IUD to be the same (85%)27.

LNG-IUDs have a marked progesterone effect on endome-
trial morphology, as discussed below. Silverberg et al. ana-
lyzed endometrial morphological changes between 3 months
and up to 7 years after insertion of a LNG-IUD28. Biopsies of
the endometrium with the IUD in place exhibit glandular at-
rophy and decidualized stroma, and results did not differ based
on the length of time that the IUD had been in place28 or the
type of LNG-IUD (LNG-IUD 13.5mg, 19.5mg, or 52mg)28.
Biopsies of the endometrium 1–3 months after LNG-IUD re-
moval showed return to normal morphology of the endome-
trial tissue leading the authors to conclude that LNG-IUDs do
not have long-term harmful effects on the endometrium as
seen in pathology specimens28.

Thus, the initial studies demonstrated the morphologic ef-
fects of the LNG-IUD on the endometrium including
decidualization and atrophy23, 28, 29. In subsequent years, with
the use of genomic approach, studies demonstrated upregula-
tion of decidualization markers IGFBP1 and prolactin after
placement of the LNG-IUD20, 21. This coincided with histo-
logical evidence of stromal decidualization and atrophy of the
endometrium in same samples20, 21. To this point, LNG-IUD
was shown to induce endometrial decidualization, confirmed
with histology and IGFBP1 expression, in postmenopausal
women treated with selective estrogen receptor modulator
tamoxifen.30 Another finding was the downregulation of both
estrogen and progesterone receptors in the endometrium after
insertion of the LNG-IUD, although expression gradually
returned to baseline between 6 and 12 months21. Similar find-
ings of decreased estrogen and progesterone receptor
immunoexpression in eutopic and ectopic glandular and stro-
mal endometrial compartments were reported after 6 months
of LNG-IUD use in subjects with endometriosis.31

A more recent study, with the primary focus of evaluating
the mechanisms of increased susceptibility to HIV in women
using progestin-containing contraceptives, assessed effects of
depot medroxyprogesterone acetate (DMPA) and LNG-IUDs
on endometrial transcriptome19. Endometrial biopsies were ob-
tained from DMPA and LNG-IUD users after at least 6 months
of use and compared with mid-secretory phase endometrium in
the control group19. The LNG-IUD group versus control had
the greatest increase in expression of decidualization markers
such as IGFBP1, MMP7, and prolactin, as expected, exhibiting
significant gene dysregulation19.

Short term effects of LNG on the endometrium has been
evaluated and demonstrated that a single oral post-ovulatory
dose of LNG, as well as four oral or a single vaginal admin-
istration of LNG emergency contraception, did not have any
significant effect on the endometrial gene expression during
the receptivity period32, 33. The difference with the earlier
described findings may indicate the importance of amount
and length of exposure of the endometrium to LNG.

Table 1 Mechanisms of contraceptive actions of intrauterine devices

Intrauterine device (IUD) mechanism of action

Copper IUD Levonorgestrel IUD

Cervical mucus Copper ions penetrate cervical mucus and decrease
sperm motility

Thickens cervical mucus

Spermatozoa and oocyte Decreases sperm motility, viability, and fertilizing capability;
damages oocyte prior to fertilization

Decreases sperm motility

Fertilization Impairs fertilization Impairs fertilization

Ovulation No effect Can cause anovulatory cycles within first year,
but thereafter most cycles are ovulatory [27]

Endometrium In vitro studies have shown copper affects endometrial
gene expression [26]

Thins endometrial lining and causes some changes
in endometrial gene expression [28]
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The inert IUD

The primary mechanism of action of the inert IUD is a local
foreign body reaction that creates an unfavorable environment
for spermatozoa and embryo implantation26, 34. While there is
no data on the global gene expression profile in the setting of
the copper IUD and LNG-IUD in situ as well as after removal
in the same subjects, the effect of an inert IUD on the endo-
metrial gene expression profile has been evaluated. That study
specifically assessed the gene expression profile within the
WOI (LH+7) in a natural cycle prior to IUD placement, in
the month of IUD placement, and at 2 and 12 months after
IUD removal34. The authors found that, in the presence of the
inert IUD, 35% of dysregulated genes were established WOI
genes. Comparison to the Goldfien et al. study shows that the
inert IUD and the LNG-IUD have different effects on the gene
expression profile of the endometrium19, 34. Some of them,
such as glycodelin, LIF, alpha-catenin (CTNNA), and nuclear
factor (NFK) I/B, remained dysregulated at 2 months after
IUD removal. In fact, only five transcripts normalized at 2
months. At 1 year post IUD removal, only 80% of initially
dysregulated genes recovered their normal expression, includ-
ing glycodelin, LIF, CTNNA, and NFK I/B34, indicating not
quite complete recovery of endometrial transcriptome even
after inert IUD.

While the endometrium at the morphological level seems
to normalize after just 1–3 months post LNG-IUD removal28,
evidence that inert IUDs dysregulate endometrial gene expres-
sion profile for a longer period of time34 suggests that LNG-
IUDs may have similar or even more profound effects on

endometrial function and gene expression (Fig. 1). The gene
expression profile changes seem to persist longer than the
morphological changes. Moreover, it has been established that
histological evaluation of endometrium is not a reliable mea-
sure of progesterone effect on endometrium35, 36. To our sur-
prise, when working on this review, we discovered a signifi-
cant breach in existing data on the evaluation of endometrium
after LNG-IUD use.

Given the difference in the experimental design and subse-
quently in the conclusions of existing studies, it continues to
remain a question whether long-term exposure of the endome-
trium to LNG, as occurs in LNG-IUD exposure, interferes
with endometrial receptivity by dysregulating normal gene
transcription patterns, while affecting endometrial morpholo-
gy and growth. If it does, how long do the effects of the LNG-
IUD persist after removal and do they have an effect on future
fertility?

Return to fertility

Return to fertility after IUD removal has been well reported in
the literature for decades; however, some controversy remains
over how soon fertility returns and if various IUD formulations
affect this differently.Most studies show that overall high rates of
women desiring, both nulliparous and parous, are able to achieve
pregnancy after removal of both the Cu-IUD and the LNG-IUD
within a period of 12 months following discontinuation37–43. Of
these studies, only two mention the specific indication for LNG-
IUD placement being contraception; additionally, inclusion
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criteria for these two studies included history of regular menstru-
al cycles.40, 42 A large study assessing conception and pregnancy
after removal of the LNG-IUD compared with the Nova-T cop-
per-IUD found no statistically significant differences between
conception and pregnancy rates following removal of the two
devices43. A majority of women conceived within the first 12
months in the LNG-IUD group and the Nova-T group, 75.4%
and 70.4%, respectively43. Although this conception rate may
seem high and normal, it is lower than the widely accepted 85–
92% conception rate after 12 months of trying in the general
population44, 45. However, to the best of our knowledge, there
is no study evaluating return to fertility in previous long-term
LNG-IUD users compared with controls. Of note, both nullipa-
rous andmultiparous patients were included in the study, and the
median duration of IUD use was 21 months for copper IUD
(range 6–53 months) and 19 months for LNG-IUD (range 3–
50 months)43. Gemzell-Danielsson et al. also showed in the co-
hort of 179 nulliparous and parous women (follow up data avail-
able for 163 out of the 179) that decided to discontinue use of
LNG-IUD for desired pregnancy that 37.4% conceived within
the first 3 months and 71.2% conceived within 12 months. In
that study, only 59.9% and 37.9% of women completed 3 and 5
years of treatment, respectively42, indicating overall short-term
LNG-IUD use in the study participants and pointing out once
again lower than expected conception rate after 12 months of
unprotected intercourse, see Table 2. This trial excluded partici-
pants with history of abnormal uterine bleeding and PID.42 Of
note, the studies on return to fertility after LNG use have very
few nulliparous women included and primarily look at return to
fertility after shorter duration of use—mean use less than 5 years
(Table 2)40, 42, 43. It is important to mention that the LNG-IUD
has a small 5-year cumulative failure rate of 1.4%42. This

indicates that it is possible to conceive despite changes to the
endometrial receptivity; however, the failure rate is small, and it
is not completely understood what factors lead to LNG-IUD
failure other than device displacement. Overall, evaluating return
to fertility is a challenging task given diversity of subjects, many
potential confounders, and lack of proper controls.

Several studies evaluating return to fertility after copper
IUD demonstrated relatively high rates of conception upon
discontinuation, though some decline was noted after long
term use (> 6 years), which could in part be due to advanced
maternal age (Table 2)46, 47.

Discussion

To summarize the data described above, the LNG-IUDs cause
atrophy of endometrial glands and decidualization of endome-
trial stromal cells while in situ. Normalization of morpholog-
ical changes appears months before normalization of endome-
trial gene expression in majority of, but not all, users at 12
months. The main challenge with these studies is that there is
very limited data on endometrial parameters and function after
removal of LNG-IUD, as well as fertility after prolonged IUD
use (> 5 years) in both nulliparous and multiparous women. It
is theoretically possible that, in some women, prolonged use
of the LNG-IUD could lead to persistent endometrial atrophy
or dysfunction due to diminished response to estradiol stimu-
lation of endometrium because of chronic estrogen receptor
downregulation or even progesterone resistance. With the cur-
rent popularity of LNG-IUD among teenagers, nulliparous
women, and their Ob/Gyn providers48–50, we may not see
the effects of this trend for years until current teenagers are

Table 2 Summary of fertility outcomes after IUD removal described in the literature

Study Sample size (n) Mean age (range) Nulliparous (%) IUD type Length of IUD use Fertility outcome
measures (%)

Andersson et al., 1992 [41] 138 27 (18–36) Information not available LNG 19 months (3–50) CR (12 m)–79.1

Doll et al., 2001 [45] 162 27.7 (< 20–35+) 100 Copper Used for < 42 months
Used for 42–78 months
Used for > 78 months

LBR (24 m)–76.5
By length of use:
< 42 m - 88.1
42–78 m - 73.5
> 78 m - 68.3

Zhu et al., 2013 [44] 1770 37.3 (21–53) 0 Copper 10.3 years (1–28) CR (12m)–70.96
By age:
< 35 - 92.18
35–40 - 84.17
> 40 - 58.57

Eisenberg et al., 2015 [38] 68 27.3 (16–45)* 57.7 LNG < 3 years CR (12 m)–86.8

Gemzell-Danielsson
et al., 2017 [40]

179 27.1 (18–35)* 39.5 LNG < 5 years CR (12 m)–71.2

IUD, intrauterine device, LNG = levonorgestrel, m = months, yrs = years, CR = conception rate, LBR = live birth rate

*Average age reported for entire LNG IUD study group, unavailable for subgroup of women who discontinued LNG IUD and were followed for time to
conception
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ready for procreation. In addition, endometrial dysfunction as
a cause of infertility is rare and may not even be detected by
overall statistics when analyzing fertility outcomes after LNG-
IUD use, which does not necessarily mean it is not there.
Hence, this is a call for basic and translational studies address-
ing endometrial morphology and gene expression and func-
tion after long-term LNG-IUD use to catch up with the evolv-
ing patient population. We would like to bring this issue to the
attention of reproductive endocrinologists and infertility spe-
cialists, as well as general gynecologists, when evaluating
infertile patients after LNG-IUD use. While we by no means
aim to undermine the significance and utmost importance of
LNG-IUD as a reliable long-acting reversible contraceptive
device, it is our responsibility as a field to monitor the future
fertility in these women and remain vigilant in our research
and counseling.

While long-term effects of the LNG-IUD on endometrial
function are unknown, they could be studied. A prospective
study examining return to fertility after levonorgestrel IUD
use in both nulliparous and multiparous women would be
helpful in further elucidating this gap in the literature. With
the high prevalence of IUD use, it would be possible to iden-
tify a large study population. Time of placement to time of
removal could be followed stratifying total time of use into
groups of less than 5 years, 5–10 years, and more than 10
years. Factors that influence fertility would need to be
assessed such as age, prior reproductive performance (multip-
arous versus nulliparous), male factor infertility, prior pelvic
inflammatory disease, and history of endometriosis/other gy-
necological disease to control for additional factors affecting
baseline fertility and endometrial function. Age groups could
be stratified as in prior studies46 to determine if trends are
similar amongst various age groups. Sonographic measure-
ment of endometrial thickness before and at various time
points af ter LNG-IUD use would be performed.
Additionally, molecular and/or microbial components could
be assessed with endometrial biopsies before, a time point
with levonorgestrel IUD in place, and a time point(s) after
discontinuation.

Conclusions

Herein, we describe the state of the current literature on endo-
metrial effects of different types of IUD use, with particular
emphasis on LNG-IUD, and identify a clinical necessity to
evaluate the long-lasting effects of the LNG-IUD on endome-
trial function and its potential impact on subsequent fertility.
While the current literature on return to fertility after use of
LNG-IUD shows that 70–75% of women conceive within 1
year of removal, it also indicates that the rate of infertility after
IUD removal may be double the commonly quoted rate of
infertility in the general population of 15%. Naturally, other

factors such as age, semen parameters, history of PID, parity,
and reproductive history play a significant role in fertility po-
tential as well as initial indication for IUD insertion including
pelvic pain/chronic gynecologic disease management, with
some of these factors being controlled for in the studies men-
tioned in this review. Studies examining return to fertility after
IUD removal do not adequately examine nulliparous women
or women with prolonged use of the LNG-IUD to reflect the
current growing patient population. While it is of paramount
importance to provide our patients with reliable and safe long-
acting and easy to use contraception, we have to be aware of
any possible long-lasting side effects, such as persistent endo-
metrial atrophy and dysfunction or lack thereof. This review
highlights the state of the literature, in which studies examin-
ing return to normal endometrial function after removal of
IUDs are currently insufficient or lacking.
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