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2.1 The Reproductive Cycle and Fertility/Infertility
2.1.1 Fertility in General

Sexual maturity in women is generally manifested between the ages of 15 and 45
years [4, 11], with the appearance of female sexual characteristics, biphasic hor-
mone production, and a regular menstrual cycle with ovulation and optimal: fertility
[4]. The average age of menarche in the human female is between 12 and 13 years
[1]. The length of the menstrual cycle in women varies greatly [13]. It ranges from
21 to 35 days, with the average being 28 days [11]. An anovulatory cycle (i.e., no
ovulation in the middle of the menstrual cycle) takes place in 8 % of women [4].

The menstrual cycle is usually divided into two phases — the ovarian and the
uterine. The first part of the ovarian cycle is the follicular phase, which is necessary
for the maturation of the follicles and the release of an egg [10].

2.1.2 Ovarian Cycle

In the first days of the menstrual cycle the concentration of follicle-stimulating hor-
mone (FSH) rises, consequently stimulating some ovarian follicles. In the course of
this process, all but one dominant follicle stop growing, and the remaining one will
mature in the ovary. This is known as a tertiary follicle or the Graafian follicle, and
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inside this follicle is the ovum. In addition, estradiol suppresses the production of
luteinizing hormone (LH) from the anterior pituitary gland [3, 8].

Ovulation follows as the second phase in the ovarian cycle with an LH surge.
Estrogen stimulates the production of LH when the egg has almost matured. This
process generally lasts about 48 h and takes place around the twelfth day of the
cycle. The function of LH is, on the one hand, to mature the egg and on the other
hand, to weaken the wall of the follicle in the ovary.

The fully developed follicle releases its secondary oocyte. As the next step,
the secondary oocyte matures into an ootid and then becomes a mature ovum.
The mature ovum is released from the ovary into the fallopian tube and, after 24
hours, the unfertilized egg disintegrates in the fallopian tube. Fertilization, if it
occurs, will normally be in the ampulla of the fallopian tubes and, if fertilized,
the egg directly undergoes embryogenesis [8, 10].

The last part of the ovarian cycle is the luteal phase. FSH and LH induce the
remaining parts of the dominant follicle to transform into the corpus luteum. The
corpus luteum produces progesterone; a high concentration of progesterone then
causes the production of estrogen. Progesterone and estrogen suppress the produc-
tion of FSH and LH, the hormones that are necessary for the maintenance of the
corpus luteum. Consequently, when the levels of FSH and LH fall, the corpus
luteum atrophies in the absence of fertilization. In contrast, upon fertilization, the
syncytiotrophoblast, and later the placenta as well, produce human chorionic
gonadotropin (hCG). hCG allows the corpus luteum to survive because of its simi-
larity to LH. If no fertilization takes place, progesterone triggers menstruation and
the next cycle begins. The duration from ovulation until the beginning of menstrua-
tion, induced by progesterone, is about 2 weeks [3, 8, 14].

2.1.3 Uterine Cycle

The uterine cycle comprises three phases: the menses, the proliferative phase, and the
secretory phase [4]. The follicular phase of the ovarian cycle overlaps the proliferative
phase, and the luteal phase of the ovarian cycle corresponds with the secretory phase
[8]. The uterine cycle starts with the menses (1st to 4th day), which is a withdrawal
bleeding with vasodilatation and vasoconstriction of the uterine spiral arteries, con-
traction of the myometrium, and rejection of the endometrium [4]. The second phase
is the proliferative phase (12th to 17th day). A rising concentration of estrogen leads
to the proliferation and growth of the uterus [8]. Estrogen induces the formation of a
new layer of the endometrium, the proliferative endometrium, and also stimulates
crypts in the cervix to produce fertile cervical mucus [3]. The secretory phase (17th to
28th day) takes place after ovulation [4], and makes the endometrium receptive to the
implantation of the blastocyst [8]. The corpus luteum produces progesterone, which
increases the blood flow and growth of the uterine spiral arteries [8]. The production
of progesterone causes a rise in body temperature [2]. Furthermore, the uterine secre-
tions are increased and contractility of the smooth muscle in the uterus is reduced. If
no fertilization takes place, the cycle starts again with the menses [2, 3, 11].
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After ovulation, the ovum is viable for about 612 h until fertilized. Spermatoozon
are viable for about 2-3 days; thus, the best time for fertilization seems to be the
12th to 15th days after the menses [4]. Some environmental factors may negatively
influence the cycles and, consequently, influence fertility. For example, stress, sleep
dysregulation, and circadian misalignment have been noted as having potential rel-
evance to infertility [7]. An indicator for fertility or infertility seems to be the basal
serum level of anti-Mullerian hormone (AMH), which, in an adult woman, should
be quantifiable at 1-10 pg/l. Restricted ovarian function is described when the con-
centration is 0.4-1.0 pg/1 [6].

A higher concentration than 1-10 pg/l can be associated with polycystic ovary
syndrome [9].

Infertility is defined if a clinical pregnancy is not achieved after 12 months or
more of regular unprotected sexual intercourse. There is a general distinction
between primary and secondary infertility. The World Health Organization (WHO)
defines primary infertility as not achieving a live birth after cohabiting for at least 5
years, during which no contraceptives were used. On the other hand, childbirth in
the past, but no subsequent pregnancy under the same conditions, is defined as sec-
ondary infertility [5, 12].

The most frequent causes of intertility are hormonal disorders including hypo-
thyroidism, variation of the vaginal secretion, genetic defects, endometriosis or
tubal dysfunction, or iatrogenic causes such as chemotherapy [5].

2.2 Epidemiology of Female Fertility in Multiple Sclerosis

Multiple sclerosis (MS) is the most common neurological condition in persons aged
2040 years and shows a clear female preponderance [15]. Thus, as MS mainly
affects women during their reproductive years, and as the lag time from clinical
onset to diagnosis has decreased in recent years due to improved diagnosis, there
has been increasing interest in MS and pregnancy. In contrast, the issue of fertility
and MS has not been studied systematically. The frequency of childlessness in
female MS patients may be higher than that in the general population [16]. If true,
this may be because women with MS may want to avoid pregnancy for fear of not
being able to care for the baby due to disability [17]. Psychological, sociocultural,
and relationship factors may all also influence a woman’s fecundity. Research on
sexual dysfunction (SD) has reported that 30-70 % of MS patients have SD [17],
with the most common SDs being reduced libido, sensory dysfunction in the genital
and thigh area, and difficulty achieving orgasm [17]. Bladder and bowel inconti-
nence, and weakness and increased spasticity during sexual activity may also inter-
fere with intimate behavior and relationships [17, 18]. A significant correlation was
found between SDs and bladder/ bowel incontinence and reduced sensitivity [19].
SDs may have a significant negative impact on quality of life, with otherwise able
women having fewer pregnancies. A Danish cohort study suggested that reduced
reproductive activity could be due to the subtle symptoms of as yet undiagnosed MS
affecting the wish or ability to have children [20].
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It is also possible that various hormonal or medication-related factors may induce
infertility in women with MS. A Finnish study found that, compared with the gen-
eral population of Finnish women, women with MS were more likely to have artifi-
cial insemination [21]. Some studies have found abnormal levels of sex hormones
and gonadotropins, i.e., higher levels of prolactin, LH, and FSH, in female MS
patients compared with healthy controls [18, 22]. Others have reported that females
with MS have a reduced ovarian reserve, which is strongly correlated with impaired
fertility [23, 24]. Infertility may also be caused by medication. For example, cyclo-
phosphamide, an immunosuppressive drug used to treat malignancies and various
autoimmune diseases including MS, can cause ovarian failure; definitive amenor-
rhea occurs in 33 % of treated women [14]. Cyclophosphamide exposure during the
first trimester of pregnancy can have a teratogenic effect on the fetus [26, 27],
including severe hydrocephalus, micrognathia, and bilateral radial aplasia [27]. In a
recent retrospective cohort study of medical records, 10/105 women with MS on
this treatment were exposed during the first trimester of pregnancy and went on to
give birth. Of these, 4 had preterm deliveries and one child was small for gestational
age. In addition, one woman had a voluntary abortion due to the fetus’ exposure to
cyclophosphamide in utero; the results seem to indicate that cyclophosphamide
treatment prior to pregnancy does not affect the outcome. However, the cohort was
small and perhaps more research should be done to verify whether cyclophospha-
mide treatment is safe to prescribe to young women who are planning a pregnancy
[26] as long as they have a wash-out period prior to conception. It has been recom-
mended that cyclophosphamide treatment be ceased 3 months prior to the patient
trying to conceive [28]. Another strong immunosuppressant drug, mitoxantrone,
may also cause infertility in MS. In a large retrospective study, mitoxantrone treat-
ment was found to cause long-lasting amenorrhea linked to reduced ovarian reserve
in 17.3 % of women under the age of 45 [28].

It has also been suggested that autoimmunity can generally cause infertility [29].
Autoimmune primary ovarian insufficiency (POI) may be one cause of infertility in
MS patients. However, it is thought that POl is related to other autoimmune diseases
and not to MS. Furthermore, studies show that the frequency of the comorbidity of
other autoimmune disorders in women with MS does not differ from that of a con-
trol population [25]. It should be noted that research results regarding infertility
caused by MS are conflicting, and published studies are scarce. MS may impair
fertility, but, given that MS and infertility are both common in young women of
child-bearing age, this observation may be a chance effect rather than a “cause-
effect”. The preservation of fertility in MS patients may have a considerable impact
on their quality of life. Further research about fertility and MS is required.

2.3  Assisted Reproductive Techniques (ARTs) and MS

Assisted reproductive techniques were introduced successfully with the delivery of
the first in-vitro baby, Louise Brown, in 1978. Since then, the methods, with differ-
ent hormonal approaches, have increased extensively (see below).
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2.3.1 ARTs and Hormonal Approaches in General

Infertility treatment protocols of different durations and different treatment types are
now available for use. The length of a single stimulation is mainly dependent on the
type of downregulation involved: downregulation with a gonadotropin-releasing hor-
mone (GnRH) agonist or antagonist is commonly applied to downregulate the hypo-
thalamic-pituitary gland axis and to prevent an uncontrolled LH surge and ovulation.
GnRH agonists start with an agonistic receptor action, subsequently block the
receptor for extended period of time due to a longer half-life. This leads to hypo-
estrogenic (“climacterium-like”) side effects after 10 to 14 days.
GnRH antagonists, in contrast, directly and rapidly inhibit gonadotropin release
within several hours through competitive binding to pituitary GnRH receptors [10].
Stimulations with GnRH agonists are longer (“long protocol”) than those with
the use of antagonists (“short protocol”). The use of antagonist protocols compared
with GnRH agonist protocols seems to be correlated with a large reduction in ovar-
ian hyperstimulation syndrome (OHSS), but with similar live-birth rates.
Controlled ovarian hyperstimulation is performed with different gonadotropins;
mainly human menopausal gonadotropins (HMGs) and recombinant human follicle-
stimulating hormone (rFSH), or a combination of both. Clomifen, an antiestrogen,
is mainly used in insemination approaches. After successful stimulation, controlled
ovulation is induced with hCG, followed by progesterone to support the luteal
phase. Fertilization is mostly achieved by intrauterine insemination (IUI), in-vitro
fertilization (IVF), or intracytoplasmic sperm injection (ICSI).

2.3.2 ARTs and MS: Existing Studies

Five observational studies on the effects of ARTs in MS have been published [30-34] —
see Table 2.1. In 2006, a French case series found a significant increase in relapses in 6
MS patients following a total of ten IVF attempts [32]. Disease-modifying therapies
(DMTs) were stopped at least 1 year before IVF was started. A significant increase in
the annualized relapse rate (ARR) after [IVF was shown. The increase in the ARR after
IVF was observed particularly in those patients using GnRH agonists and this increase
was also seen in a second French study [33]. Most women in this second study [33] had
never been treated with DMTs or had stopped DMTs prior to ART.

A German nationwide ART and MS registry [30] collected information, with a
standardized questionnaire, on women’s disease courses (e.g., disease duration and
number of relapses in the year prior to ART, during, and post ART), the use of
immunomodulatory treatments, and the stimulation protocol [30]. The ARR
increased following unsuccessful (no pregnancy) ART. The ARR increased signifi-
cantly after ART, but was independent of the different hormonal approaches to
downregulation (agonists versus antagonists).

A second German publication [31] included 39 patients who underwent IUI
(n=32), IVF (n=15), and ICSI (n=31) and again, a significant increase of the ARR
in the 3 months following ART was observed, independent of the different
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hormonal approaches to downregulation, with GnRH agonists or antagonists. No
significant differences were seen between the ARR and the use of different gonado-
tropins, or between the ARR and different time intervals between stimulations.
None of the women who became pregnant had a relapse. Most women in that study
did not receive any MS therapy. In a recent study from Argentina [35], a cycle of
ART was associated with a sevenfold increase in clinical relapse risk, consistent
with a ninefold increase in risk of Gd-enhancing lesion activity.

Although the exact mechanism for the increase in relapse risk of women with MS
after ART is not fully understood, it is well established that hormones may alter the
short-term course of the disease (e.g., animal studies, pregnancy) [36-38]). At least
some of the studies suggest that the downregulation with GnRH agonists might account
for the relapse risk [32-34]. The Argentinian study [35] tried to elucidate immunologi-
cal mechanisms, which might explain the increase in disease activity: ART treatment is
associated with an increase in estrogen and progesterone levels, although these levels
are significantly lower than those observed during normal pregnancy [20, 21]. It has
also been found that estrogen mediated an increase in different immune cells/factors
(anti-MOG antibody-secreting cells and B-cell survival factor BAFF, and the anti-
apoptotic Bcl-2 protein), triggering MS disease activity [34]. Also discussed were pos-
sible effects of the GnRH receptor itself, which is expressed on immune cells, with an
upregulation of the receptor by GnRH suggesting an autocrine function in immune
cells. Several proinflammatory cytokines, e.g., interleukin (IL)-8, IL-12, interferon
(IFN)-y, and transforming growth factor (TGF)-p are upregulated by ART, and ART
also facilitates immune cell transmigration across the blood-brain barrier [34].

In addition to the rapidly changing hormonal levels during ART, several other
factors might contribute to an increased MS relapse risk. Most of the women with
MS undergoing ART stopped their DMTs before ART stimulation [30-34]. In addi-
tion, ART represents an extremely stressful life event, normally preceded by several
years by the unfulfilled wish to become pregnant. Therefore, an essential hope to
finally become pregnant is often linked to the beginning of ART. Although elusive,
stressful life events may induce increasing disease activity in MS patients, and
decreased hypothalamic-pituitary-adrenal (HPA) function may play a role in
increased susceptibility to disease activity [39, 40]. Interestingly, while pre-ART
stress does not predict IVF failure, failure of IVF is particularly associated with
distress in the affected women [41].

Overall, ART involves complex and dynamic interactions between hormonal and
immune factors, which could affect the course of an autoimmune disease, explain-
ing increased disease activity.

24  Concluding Remarks

Further research is required to investigate whether fertility is reduced in women
with MS.

Although all available data demonstrate a significant increase in disease activity
after “unsuccessful” ART, women with MS should not be discouraged from
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undergoing ART. According to a Cochrane review, the use of antagonists compared
with long GnRH agonist protocols seemed to be associated with a large reduction in
OHSS, and there was no evidence of a difference between the groups in live-birth
rates [42]. Therefore, we suggest to preferentially use a downregulation approach
with GnRH antagonists. However, the final choice of the best hormonal treatment
depends on the recommendations of ART specialists. We also recommend, where
possible, that MS patients stay on pregnancy-compatible DMTs during ART,
although so far studies are lacking showing an effect of relapses post-ART. Finally,
neurologists and other healthcare professionals treating women with MS should be
aware of this risk, and discuss the pros and cons of the procedure with their patients.
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