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Conclusion: Pre-pregnancy consulting for MS patients should be
performed carefully to reduce recurrence rates during pregnancy. The
symptoms of MS decrease during pregnancy, and there is no concern
about medication. It should be noted that in nine months after
delivery, the patient will return to normal condition, and special
attention should be paid to drug therapy.

* Corresponding author: Saeid charsouei

D<] E-mail: Charsooyi@yahoo.com
© 2023 by SPC (Sami Publishing Company)



mailto:Charsooyi@yahoo.com
http://www.ajchem-b.com/
http://www.ajchem-b.com/

S.charsouei, M. Zamani Esfahlani/Ad. ]. Chem. B, 2023, 5(2), 151-162

GRAPHICAL ABSTRACT
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Introduction

Multiple sclerosis (MS)(Figure 1) is a disease of
the central nervous system that
neurological disability, especially in young
people [1-3]. Women at reproductive age are at
increased risk of developing MS. Besides, MS is
more common in women than men (1.77 to 1:0).
Its peak incidence is between the ages of 40 and
50 years old. On the other hand, its clinical
course is varied, ranging from a completely
benign course to a progressive and debilitating
course [4-6]. Most women with MS are
concerned about the disease effect on their
pregnancy and childbirth, as well as the effect of
pharmacological interventions on the fetus.
Previous studies reported that MS does not
affect pregnancy outcomes [7-9]. Usually, the
disease recurrence declines at the end of
pregnancy, but increases in the postpartum
period. Its exact reasons are not well identified
yet, but previous studies have mentioned the
sudden decline of estrogen after delivery and
fading the immunosuppression caused by
pregnancy. However, there are still many
unknown causes concerning the association
between MS and pregnancy [10-12]. Some

causes
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studies reported no significant difference
between women with MS and healthy women
concerning pregnancy and neonatal outcomes
[13-15]. However, few studies have reported
such findings. As a result, obstetricians and
gynecologists are confused [16]. Due to two
important features of mostly affecting young
people and cause incapacitation at reproductive
ages, MS has particular importance [17-19].
Hence, further evidence is needed (6,7). While
MS is an important disease, few studies are
conducted in this field, particularly during
pregnancy and labor. Regarding the pregnancy
importance, the progressive nature of MS, and
the rising incidence of MS all around the world,
the current study aimed to Pre, during, and after
pregnancy care in women with multiple
sclerosis [20-22].

We systematically searched PubMed, Science
Direct, Scopus, Web of Science, Google Scholar
databases, and national databases (SID and
MAGIRAN) to identify relevant studies published
from 2000 to 2020, either in English or Persian,
using the following keywords:
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Main symptoms of

Multiple sclerosis
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Fig. 1. MS

autoimmune, hormonal disorders, pregnancy,
menstrual cycle, multiple sclerosis, pre-
pregnancy, post-pregnancy, and lactation. The
keywords were combined using Boolean
functions of AND and OR. Inclusion criteria were
access to full-text articles and reporting results
on MS before, during, and after pregnancy.
Exclusion criteria included not finding the full-
text of articles, not relating to MS (before,
during, and after pregnancy),
results.

and unclear

Initially, 591 articles were found. The second
of screening checking
adherence to inclusion and exclusion criteria. In
this step, we found 290 relevant articles of

round contained

which 80 were excluded after reviewing the
similar and repeated articles. Eventually, after a
full-text review, articles were included.

MS is an autoimmune disease of the central
nervous system. All around the world, more than
2 million people suffer from MS. Generally, 80%
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of MS patients live about 70 or 80 years. Hence,
the majority of MS patients are women of
reproductive age. MS damages the myelin sheath
around neurons. This is why MS patients
experience different levels of disability and
present different neurological symptoms [23-
25]. For example, reduced sensitivity, numbness,
tingle, fatigue, movement disorders, difficulty in
swallowing, dysphasia, intestinal and bladder
disorders, muscle weakness and spasms, acute
and chronic pain, vision problems, and ataxia are
the most common symptoms. MS diagnosis is
based on clinical findings and diagnostic tests
such as MRI and CSF tests. Neurologists have
categorized the MS into four categories, which in
the following are briefly discussed [26-28].

% Relapsing-remitting MS: is the most
common type of MS (85% of patients).
Patients experience sudden periods of
suppression or recurrence of the disease
[2-31].

Primary progressive MS: Accounts for
10% of patients. These patients tend to
have more disability [32-34].

Secondary progressive MS: Comes after
relapsing-remitting MS [35-37].
Progressive relapsing MS: Accounts less
than 5% of patients [38].

As mentioned earlier, the majority of MS
patients are women of reproductive age. They
may develop several complications, such as poor
sexual function, irregular = menstruation,
hormonal problems, and infertility. On the other
hand, there are concerns about pregnancy
complications and their consequences for the

fetus and its growth and preterm labor [39].

Hormonal changes and menstrual disorders of
MS patients Hormonal disorders (Figure 2),
menstrual disorders, and infertility are among
the most common problems of women with MS.
According to the literature, MS patients have
lower rates of fertility, which is natural. There
are also minor disorders in these patients that
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their exact cause has not yet been identified. It is
argued that it is most likely related to
disturbances in the hypothalamus-pituitary axis

caused by the immune attack, which may result
in disrupted menstruation and infertility [40-
42].

Hormonal Imbalance Symptoms
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Fig. 2. Hormonal disorders

Patients with MS have significantly increased
levels of prolactin and both total and free
testosterone, as well as decreased levels of
oestrone sulfate in their serum. Sometimes
different treatments administered to improve
patients' health may also cause endocrine
disorders. In general, the possible reasons for
menstrual irregularities include:
1- Disruption of Hypothalamus-Pituitary-
Gonadal Axis,
2- Hormonal resistance, and
3- Effects of specific drugs and stress on the
hypothalamus-pituitary-gonadal axis
[43].
Studies reported a higher prevalence of
menstrual irregularities in patients receiving
disease-modifying drugs. Besides, they present
higher rates of amenorrhea and oligomenorrhea
[44]. They have increased levels of follicle-
stimulating hormone (FSH) and luteinizing
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hormone (LH). In addition, studies mentioned an
association between enhanced levels of FSH and
LH and premature ovarian failure. Moreover,
some patients have autoantibody directed
against peptides of the pituitary gland in their
serum [18,45]. As mentioned earlier, women are
at increased risk of developing MS. This gender
be attributed higher
androgenic levels in men, which naturally
protects men against the disease. The exact
protective role of this mechanism is not well-
identified yet. However, it is argued that
androgens prevent the
response by binding to androgenic receptors.
Hence, it increases the level and expression of
autoantigens in the thymus, which increases the
accuracy of the mechanism for selecting T-cells
and prevents the removal of autoreactive T-cells
from the thymus. Besides, the colony of auto-
reactive T-cells will be removed [19,20].

difference can to

can autoimmune
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Some studies emphasized that MS activity
changes with the seasons. Seasonal changes and,
even, day hours impact melatonin production.
Increased melatonin production reduces disease
activity [46]. Even studies conducted using
animal models of MS have reported that
melatonin treatment was associated with the
improved health status of MS patients [21].

Melatonin can inhibit the differentiation of
pathogenic TH17 and TH1. Besides, it can inhibit
the production of its inflammatory cytokine and
increases the production of regulatory T cells
and Interleukin 10, which is an anti-
inflammatory cytokine. Indeed, it balances the
immune system. Melatonin can cross the blood-
brain barrier and has antioxidant, modulating,
and anti-inflammatory properties [22]. Prolactin
is secreted by lactotrophs in the anterior
pituitary. According to the literature, it plays an
important role in the MS progression and the
experimental model of MS disease. Moreover, it
has a crucial role in the reproduction and
lactation of women [23]. MS patients usually
have lower levels of vitamin D, which causes
disabilities such as osteopenia and osteoporosis,
and bone disorders. However, the reduced level

LEVEL OF EVIDENCE
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[stRoNG | rate during A R.T.
I ms

'

RELAPSE RATE

of vitamin D is a risk factor for developing MS
because this vitamin contributes to reduce
inflammatory cell proliferation and
inflammatory cytokines [47-49]. In other words,
it plays a protective role in MS patients. Studies
have shown that steroid hormones reduce the
disease severity, the length of relapses, and the
frequency of injuries. Hence, these hormones
can be used as a treatment line [24].

Pregnancy of MS patients

Until 1950, women with MS were advised to
avoid pregnancy because it was believed that
pregnancy might have an adverse effect on
disease activity. Further studies revealed that in
only a few cases, it happens. Meanwhile, some
believed that pregnancy is associated with
better outcomes in MS patients, while some
studies reported contradicted results [25]. On
the other hand, some researchers believed that
pregnancy does not cause the complications in
MS patients. However, men and women with MS
require medical consultations before deciding
for pregnancy to be able to manage the potential
problems that may arise [14] (Fig. 3).
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A series of issues should be considered before
pregnancy. For example, patients should be
monitored to ensure that the MS won't have any
significant effect fetal development.
Moreover, the genetic risk factors should be
investigated MS in neonatal [26].

Although MS is not directly inherited, those who
have a relative with the condition are more
likely to develop MS [47-49]. The highest risk is
for children whose both of their parents suffer
from MS. Another important is the
mother's ability to carry the fetus to term
because MS has different types with various
severities so that some types can quickly reduce
the individual's ability and cause fatigue [27].

MS patients receive various treatments such as
corticosteroids, along with disease-modulating
drugs. Pharmacological interventions are
important for both pregnancy and fertilization.
Because of the possible teratogenic effects on
the fetus, it is recommended that patients who
receive treatment should at least have a two-
year prevention period (ceasing medication
before pregnancy). As pregnancy is a modulator
of the disease, and usually the activity of the
disease declines during pregnancy, it is better to
avoid medication during pregnancy [50-52]. Of
course, because the disease activity in all
patients is similar, sometimes physicians may
decide to prescribe medication to prevent MS
relapses [28,29].

on

issue

Evaluation of pregnancy in MS patients

Pregnancy is an important period in young
women's lives (30). On the other hand, they are
increased risk of developing MS [53].
Therefore, its management during pregnancy is

at

of crucial importance. To have a successful
pregnancy, adaptability and modulation of the
immune system are very important [54]. In fact,
successful pregnancy depends on the mother's
immune system's ability to tolerate a creature
that has a genetic difference of 50% [31]. One of
the adaptations that lead to implantation and the
ability to carry the fetus is to change the immune
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system response of the mother. During
pregnancy, the immune response, which is
usually through cellular immunity and THI1,
begins to change [32]. Besides, there would be
changes in the hemorrhoids and TH2. Hence,
women who suffer from autoimmune diseases
associated with TH1,
arthritis, and MS, experience partial recovery
during pregnancy [55-57]. During pregnancy,
certain factors regulate the immune system [58].
For example, specific serum proteins, signaling
molecules that guide the adaptability, human G
leukocyte antigen, Co-stimulatory molecules,
Fas-L, CD200, and various hormone cells [33,59].

such as rheumatoid

Hormonal changes during pregnancy

Pregnancy is associated with hormonal changes.
Also, hormones secreted by the placenta-
(estrogen and progesterone) start to increase.
Research showed that these two hormones are
highly effective in modulating the immune
response [60-62]. Estrogens cause a double-
sided effect based on their concentration so that
a lower concentration of estrogens stimulates
cellular immunity, which is why women are
more to MS [34]. At higher
concentrations, estrogens inhibit cellular
immunity and inflammation, which is why MS
activity declines during pregnancy, particularly
at the last days of pregnancy, as pregnancy is
associated with a gradual increase in the
estrogens secretion. Estrogens have receptors

sensitive

on immune system cells such as TCD4, TCD8,
natural Kkiller cells, and macrophages and are
inhibited in high concentrations [35]. According
to the recent studies, activation of estrogen-
induced deaminase can stimulate humoral
immunity, which is dependent on antibodies
that, in turn, results in controlling MS [36].
Moreover, it intensify  autoimmune
responses stimulated by antibodies. The
antibodies respond through TH2 [63-65]. The
anti-inflammatory effect
confirmed by laboratory studies. Studies have
shown that estrogens delay the development of

can

of antibodies is
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experimental autoimmune encephalomyelitis
(EAE). During pregnancy, the production of
estrogens and progesterone gradually increases,
which in MS patients leads to a decreased
in myelin tissue [21].
Therefore, by entering the second half of
pregnancy, the rate of recurrence gradually
decreases, so that during the last trimester,
recovery is very good [66]. In the postpartum
period, due to the decreased level of estrogen
and progesterone, the disease activity starts to
increase, similar to before pregnancy [37].

number of lesions

Changes in immune system responses and
cells

During pregnancy, the
response will dominate, which causes reduced
inflammation that in turn suppresses the MS.
Likewise, the secretion of natural Kkiller cells
increases, which in MS patients are mainly NK
CD16highCD56low and cytotoxic, but during
pregnancy the concentration of NK CD16high
CD56low increases, which reduces inflammation
(38). Moreover, the production of another type
of natural Kkiller cells, named UNK, starts to
increase, which has an important role
maintaining the fetus's adaptability in the uterus
[67-69]. Similarly, the concentration of T reg
cells increases, which causes modulation of
immune responses and prevents activities of
autoreactive T-cells [39].

humoral immune

in

Serum Exosome

Exosomes include a series of lipid-attached
vesicles that increase in the serum of pregnant
women. Researches have shown that these
exosomes inhibit the activity of T cells, and also
cause maturation of oligodendrocyte progenitor

and inhibition of inflammation. Pregnancy
exosomes increase the  migration  of
oligodendrocytes into myelin. Experimental

studies on mice also reported that exosomes
increase the EAE activity. During pregnancy,
exosomes modulate the immune system and
improve MS [40,41].
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Screening during pregnancy

For MS patients, pregnancy is not a completely
immune factor, and recurrences may occur
during pregnancy. Hence, patients should
regularly be consulted concerning the disease
activity, such as MRI and CFSs that usually are
used along with clinical examination [21].

[t worth to note that, due to concerns during the
first trimester, it is better to avoid MRI, because
animal tests revealed that contrast agent is a
type of teratogenesis. Sufficient evidence is not
available about the effects of this substance in
humans, but to prevent fetal abnormalities, it is
recommended not to use this substance during
pregnancy. However, the final decision rests on
the physician. Lumbar Puncture is also not
recommended because of harming the mother
during pregnancy [42].

Disease management and treatment (if

needed)

To prevent fetal abnormalities, it is
recommended to prevent pharmacological
interventions during pregnancy. However,
sometimes using these interventions is
inevitable. In  general,  pharmacological

interventions include short-term use of high-
dose corticosteroids to avoid recurrence of the
disease and disease-modulating drugs [43]. It is
reported that interferon beta is associated with
an increased risk of preterm labor, spontaneous
abortion, and the birth of immature infants (i.e.
stunting). Furthermore, a case of Pierre-Robin
syndrome is
received mitoxantrone [70].

Besides, it is a teratogen, which increases the
risk of amenorrhea [31]. Also, it's identified in

reported among those who

the semen of men with MS who have taken
teriflunomide. In addition, this drug has caused
teratogenic Concerning
fingolimod, recommended that

effects in animals.
it
pregnancy be delayed until its full excretion
from the body. Furthermore, there are reports
that Natalixumab increased abortion in animal

studies, and its consumption during the third

is also
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trimester increases the risk of hematologic
diseases such as thrombocytopenia and
hemolytic anemia in the fetus. In addition, for
those in the first trimester of pregnancy, it is
avoid  high-doses of

recommended to

corticosteroids [29].

Recommendations for mothers

According to the literature, girls born to mothers
who did not consume milk during pregnancy or
were less exposed to sunlight are more likely to
develop MS. This indicates that maternal vitamin
D affects the fetus, and higher serum levels of
vitamin of mothers are a determinant factor in
the health of the mother and her child to prevent
MS [44,45].

Delivery

The physician, based on the midwifery criteria,
decides whether to use Cesarean Section or
vaginal delivery [46,47]. Besides, the mother's
condition and her disability rates are effective in
this decision. Bladder and intestinal disorders,
as well as fatigue increase with pregnancy. For
deliveries that surgery, epidural
anesthesia won't cause any problem. Major
concerns are associated with spinal anesthesia,
which may increase damages in myelin after
childbirth due to toxicity of anesthetics for
axons. Some studies reported that women who
suffer from MS have longer durations of
hospitalization (due to labor) compared to

require

healthy women. Meanwhile, some studies
reported contradicting results. Length of
hospital stay is important for nosocomial

infections and has a direct impact [48].

Lactation period

Studies have reported that mothers with MS
living in Northern Europe have a longer duration
of lactation compared to those living in Southern
Europe. Another study in California has shown
that mothers with MS who breastfeed their
babies experienced lower rates of recurrence.
Meanwhile, breastfeeding
improving the relations between the mother and

is useful for
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the baby,
allergies in the baby. However, it cannot be
argued certainty that breastfeeding improves MS
in mothers. In addition, as mentioned above, the
activity of the disease gradually increases after
childbirth, the patient should
treatment again. Since ingredients of disease-
modulating treatments can penetrate the breast
milk, these drugs should not usually be used
during breastfeeding. Instead, high-dose
corticosteroids should be wused, which the
mother should avoid breastfeeding for 24 to 48
hours after injection of corticosteroids.

and also reduces infection and

and start

Postpartum disease activity

After childbirth, due to decreased concentration
of estrogen and progesterone hormones and
changed immune response and conversion of
the humoral response to cellular, the person's
condition gradually returns to pre-pregnancy
conditions, and the rate of inflammation and
injuries in myelin increases and the activity of
disease rises, so that it returns to prenatal
conditions until 9 months after delivery. Hence,
appropriate treatments should be administered.

According to the literature, pregnancy
modulates the immune system, and by changing
the cellular response to humoral, it leads to
decrease inflammation and decreased disease
activity. Gradually by entering the second half of
pregnancy, the rate of disease recurrence
decreases so that in the last trimester of
pregnancy, there may be no recurrence, and
women who have experienced several stages of
pregnancy have a lower risk of developing MS.
Previously, women with MS were advised to
avoid pregnancy. However, nowadays, it is
proved that pregnancy is effective in improving
the disease; it is no longer considered a concern.

In the post-pregnancy period, the disease
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recurrences indicate the need for treating the
patient.

Limitations

Lack of specific attention to the administered
drugs and lack of accurate knowledge of the best
medications used during pregnancy, which led
to not accurately mention the drug used during
lactation.

Recommendations

The authors recommend implementing
programs intended to increase the awareness of
young women at reproductive age who suffer
from MS by healthcare centers to enhance their
knowledge concerning pre-, during, and post-
partum care.

care.
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