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ABSTRACT
Objective: The Lebanese Multiple Sclerosis (LeMS)
study aims to assess the influence of pregnancy and
delivery on the clinical course of multiple sclerosis
(MS) in Lebanese women.
Setting: This prospective multicentre study took place
in three MS referral university medical centres in
Lebanon.
Participants: Included were 29 women over 18 years
who had been diagnosed with MS according to the
McDonald criteria, and became pregnant between 1995
and 2015. Participating women should have stopped
treatment 3 months before conception and become
pregnant after the onset of MS. Women were followed
up from 1 year preconceptionally and for 4 years
postpartum.
Main outcome measures: The annualised relapse
rates per participant during each 3-month period
during pregnancy and each year postpartum were
compared with the relapse rate during the year before
pregnancy using the paired two-tailed t test. p Values
<0.05 were considered statistically significant for all
analyses (95% CI).
Results: 64 full-term pregnancies were recorded. All
pregnancies (100%) resulted in live births, with no
complications or other diseases. In comparison with
the prepregnancy year, in which the mean relapse rate
±SE was 0.17±0.07, there was a significant reduction
in the relapse rate during pregnancy and in the first
year postpartum ( p=0.02), but an increase in the
rate in the second year postpartum (0.21±0.08).
Thereafter, from the third year postpartum through
the following fourth year, the annualised relapse rate
fell slightly but did not differ from the annualised
relapse rate recorded in the prepregnancy year
(0.17±0.07).
Conclusions: Pregnancy in Lebanese women
with MS does not seem to increase the risk of
complications. No relapses were observed during
pregnancy and in the first year postpartum; however,
relapses rebounded in the second year postpartum,
and over the long term, returned to the levels that
preceded pregnancy.

Strengths and limitations of this study
▪ This is the first study to analyse pregnancy
related issues in patients with multiple sclerosis
(MS) that has been conducted in Lebanon and
the Middle East and North Africa region.
▪ All women were primiparous, had planned for
the pregnancies, had stopped treatment
3 months before conception, did not smoke or
drink alcohol or use drugs, reported no pregnancy or delivery complications, no birth defects
or diseases postpartum, and were capable of
breastfeeding.
▪ The women served as their own controls
because matching a cohort of pregnant women
with MS with a cohort of women with MS who
did not become pregnant would have been
difficult.
▪ The LeMS study is unique in the sense that it
was the first to demonstrate that relapses disappeared completely during pregnancy and in the
first year postpartum.
▪ The sample size of our study may have contributed to the lack of significant differences in some
of the outcomes.

INTRODUCTION
Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous
system. Individuals diagnosed with MS are
usually young women of childbearing age.1
Therefore, pregnancy-related issues, including childbirth and neonatal health, have
become a concern for MS professionals and
patients. Until the end of the 20th century,
women with MS were discouraged from contemplating pregnancy due to the false belief
that pregnancy would worsen the overall
disease course.2–7 Furthermore, concerns
about the progression of neurological disability over time affected family planning

Fares J, et al. BMJ Open 2016;6:e011210. doi:10.1136/bmjopen-2016-011210

1

BMJ Open: first published as 10.1136/bmjopen-2016-011210 on 13 May 2016. Downloaded from http://bmjopen.bmj.com/ on January 24, 2021 by guest. Protected by copyright.

Pregnancy outcomes in Lebanese
women with multiple sclerosis
(the LeMS study): a prospective
multicentre study

Open Access

METHODS
Study design
This was a prospective multicentre study of women from
three MS referral centres in Lebanon. Information on
women diagnosed with deﬁnite MS who became pregnant after the onset of the disease between 1995 and
2015 was collected through interviews. All women gave
informed consent after they agreed to participate in the
study.
Participants
Women aged over 18 years were recruited in the study.
To be included, women had to have clinically diagnosed
deﬁnite MS according to the 2010 McDonald criteria,
clinical and para-clinical tests, and quantitative or qualitative abnormalities in immunoglobulins in the cerebrospinal ﬂuid (CSF). In addition, they had to have become
pregnant after the onset of MS. The 2010 McDonald criteria allowed for a more rapid diagnosis of MS, with
equivalent or improved speciﬁcity and/or sensitivity
compared with the past criteria.14 It also clariﬁed and
simpliﬁed the diagnostic process with fewer required
MRI. Only women who were deemed mentally competent were eligible for participation in the study.

24 h—was recorded and conﬁrmed by a neurological
examination. Treatment was prescribed if the relapse
caused disability. During pregnancy, women were seen
by a neurological specialist at 9–12 weeks and 26–
29 weeks of gestation, and at 4–6 weeks and 10–12 weeks
postpartum; these women were later followed for up to
4 years. Information on neurological conditions was collected by interviewing the women at each visit, and by
telephone in case of any neurological event; obstetrical
data were obtained by interviewing the women and
reviewing the medical record. In-person interviews were
used in this study despite the limitation of requiring a
person to conduct the interview because these provide
an opportunity for clarifying questions the woman could
not otherwise understand.
Demographic and outcome measures
The data collected were as follows: (1) demographic and
MS-related variables: age at MS onset; level of education;
marital status; type of MS (relapsing–remitting MS
(RRMS), secondary progressive MS, primary progressive
MS, and progressive-relapsing MS); and mean annualised relapse rate before, during, and after pregnancy
(calculated as the ratio between the number of relapses
experienced by each woman and the number of years
for each period); (2) pregnancy-related variables: age
during pregnancy; number of pregnancies after the
onset of MS; history of smoking, alcohol, and drug use
during pregnancy; history of relapses before, during,
and after pregnancy; treatment before, during and after
pregnancy; vitamin D3, magnesium, antidepressant and
co-enzyme Q-10 supplementation; gestational diabetes
mellitus (GDM); infections; preeclampsia; and preterm
and post-term infants; (3) delivery-related variables:
induction of labour, instrumental delivery, epidural and
general anaesthesia, frequency of caesarean sections and
normal vaginal deliveries; and (4) infant-related variables: mean gestational age, mean birth weight, low
birth weight status, high birth weight status, birth defects
or other diseases; and history of breastfeeding.

Assessment
Before pregnancy, each new relapse—deﬁned as
showing a neurological dysfunction lasting longer than

Statistical analysis
The relapse rates for each woman during each trimester
of pregnancy and the 3 years postpartum were compared with the relapse rate during the year before pregnancy by means of paired two-tailed t tests. The paired t
test was used as it calculates the difference within each
before-and-after pair of measurements, determines the
mean of these changes and reports whether this mean
of differences is statistically signiﬁcant. The effects of
other demographic, pregnancy and infant-related variables on the course of MS were analysed using logistic
regression, as these were thought to be associated with
the presence or absence of a relapse in the postpartum
phase. p Values <0.05 were considered statistically signiﬁcant for all analyses (95% CI). All statistical analyses
were performed with SPSS for Windows software V.23
(IBM SPSS, 2015).
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choices.8 Women with MS were naturally fretful as to
how pregnancy would affect their disease, how the
disease might modify pregnancy outcomes, and in particular, how the disease or the medications they were
taking could affect the fetus.9 As a result of the 1998
publication of the ﬁrst large prospective study of pregnancy and MS,10 family planning and counselling
recommendations for women with MS radically
changed, and many women have been able to fulﬁl their
desire for motherhood. During this same time period,
treatment options for MS accelerated and several
disease-modifying drugs for MS entered the market.9
The cause of MS is unknown, but susceptibility to the
disease is believed to be co-inﬂuenced by genetic and
environmental factors.1 The risk of MS in children with
one parent with MS is 1–3%,11 and 6–12% for children
whose both parents have MS.12 13 However, the overall
risk remains low, and having MS should not discourage
patients with MS from having a child.
Until now, no studies analysing pregnancy and birth
outcomes in women with MS have been carried out in
Lebanon or in the Middle East and North Africa
(MENA) region; the evolution of MS during pregnancy
in the MENA region is largely unknown. Therefore, the
objective of the Lebanese multiple sclerosis (LeMS)
study is to explore pregnancy, labour and delivery
course, and the birth outcomes in Lebanese women
with MS.
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Demographic and MS characteristics
The mean age±SD of MS onset was 23±3.4 years (range=
(16–34)). All (100%) had RRMS. Diagnosis was made
using the 2010 McDonald criteria, MRI, and CSF
studies. A total of 21 women (72.4%) were married and
presenting for pregnancy consultation, and 8 (27.6%)
were engaged to be married and were receiving consultation on the potential for starting a family. The complete proﬁle of the women is displayed in table 1.

Table 1 Demographics of the women in the LeMS study
(N=29)
Variables
Age (years)
Mean age at MS onset
Mean age at pregnancy onset
Level of education
High school
Undergraduate
Marital status
Engaged
Married
Comorbidities
Diabetes
Hypertension
MS lesions
Brain
Brain and cervical spine
MS diagnosis
MRI
CSF and oligoclonal positive
CSF and oligoclonal not performed
Pregnancies after MS onset
One
Two
Three
Supplements taken during pregnancy
Vitamin D3
Co-enzyme Q-10
Fluoxetine
Magnesium sulfate
Delivery method
Normal vaginal
Caesarean
Epidural anaesthesia
Length of breastfeeding (days)
21–35
93–255
Treatment after pregnancy
Resumed after 11–14 months
Stopped indefinitely

N (%)
23 years
26.6 years
21 (72.4)
8 (27.6)
8 (27.6)
21 (72.4)
2 (6.9)
3 (10.3)
29 (100)
7 (24.1)
29 (100)
26 (89.7)
3 (10.3)
4 (13.8)
15 (51.7)
10 (34.5)
21
20
11
21

(72.4)
(69)
(37.9)
(72.4)

23 (79.3)
6 (20.7)
21 (72.4)
6 (20.7)
23 (79.3)
22 (75.9)
7 (24.1)

CSF, cerebrospinal fluid; LeMS, the Lebanese Multiple Sclerosis
study; MS, multiple sclerosis.
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Pregnancy characteristics
Women had a mean age±SD of 26.6±3.8 years during
pregnancy (range=(19–43)). Four women (13.8%) had
one pregnancy after the onset of MS, 15 (51.7%) had
two, and 10 (34.5%) had three pregnancies. All of these
women (100%) were primiparous when they agreed to
participate in the study. All of the pregnancies (100%)
were planned pregnancies. None of the women smoked,
drank alcohol or used drugs during pregnancy. Three
pregnancies (4.7%) occurred in women who had
preGDM and another three pregnancies (4.7%)
occurred in women who had chronic hypertension.
None of the women had reported urinary tract infections or any other infections during pregnancy. No
ectopic pregnancies occurred. No cholecystitis, gestational diabetes or abortions occurred. No preeclampsia
or placental disorders were reported. All of the pregnancies were full term. All pregnancies (100%) resulted in
live births. None of the women got pregnant in the
4 years postpartum. We found no evidence of an association between any of the pregnancy characteristics and
other known risk factors.
Treatment
Before pregnancy, 23 women (79.3%) were on intramuscular interferon β-1a and received one injection per
week. The other 6 women (20.7%) were on subcutaneous interferon β-1a and received three injections per
week. The treatment modality differed by physician and
patient preference. Treatment was stopped 3 months
before conception for all women.
In 44 of 64 pregnancies (68.6%), women took vitamin
D3 and magnesium supplements (200 mg, once daily).
In 41 pregnancies (64.1%), the women took co-enzyme
Q-10 supplements. Low dose of ﬂuoxetine (10 mg, once
daily) was prescribed in 22 pregnancies (34.4%).
Following delivery, the mother’s condition was neurologically assessed, and the woman was asked to continue
without treatment in order to breastfeed. After 11–
14 months, 22 women (75.9%) resumed the treatment
regimen that they were using in the prepregnancy
phase. However, 7 women (24.1%) decided on their
own to stop treatment indeﬁnitely; these women had 19
pregnancies (29.7%) with no complications and were
able to lead normal lives.
MS relapses
The annualised relapse rates in the years before, during,
and after pregnancy are presented in table 2 and
ﬁgure 1. In comparison with the prepregnancy year, in
which the mean±SE relapse rate was 0.17±0.07, there was
a signiﬁcant reduction in the relapse rate during pregnancy and in the ﬁrst year postpartum ( p=0.02), but an
increase in the relapse rate the second year after delivery
(0.21±0.08). Thereafter, from the third postpartum year
through the following fourth year, the annualised
relapse rate fell slightly but did not differ from the
3
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RESULTS
There were 29 women with deﬁnite MS who met the
inclusion criteria. All of them agreed to participate in
the study. We identiﬁed 64 pregnancies that had
occurred since MS onset.
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Period

Number of women*

Number of relapses

Rate of relapse/woman/year†

p Value‡

Year before pregnancy
Pregnancy
First trimester
Second trimester
Third trimester
Postpartum
First year
Second year
Third year
Fourth year

29

5

0.17 (0.03 to 0.32)

–

29
29
29

0
0
0

29
29
29
29

0
6
5
5

0
0
0
0
0.21 (−0.12 to 0.04)
0.17 (0.03 to 0.32)
0.17 (0.03 to 0.32)

0.02
0.02
0.02
0.02
0.32
–
–

*All women stopped interferon β 1-a treatment 3 months before conception.
†Values are means (95% CI).
‡p Values are for the comparison with the relapse rate during the year before pregnancy.

annualised relapse rate recorded in the prepregnancy
year (0.17±0.07).
Among the 29 women with 64 live births, none had
relapses during pregnancy or in the ﬁrst year postpartum. Six (21%) had one relapse each in the second
year postpartum. Five (17%) had one relapse each in
the third and fourth years postpartum, respectively.
None of the patients required prophylactic relapse treatment after labour.
We did not ﬁnd any evidence of an association between
relapses before pregnancy and relapses during the
second, third or fourth year of the postpartum period.
We did not ﬁnd evidence of any association of post-labour
MS relapses with other potential risk factors (age, breastfeeding, MS onset and duration, treatment before pregnancy, epidural anaesthesia or any other factor).

Normal vaginal delivery was achieved in 52 pregnancies
(81.2%). Epidural anaesthesia was used in 35 of 52 normal
vaginal deliveries (67.3%), and in all of the 12 caesarean
deliveries (100%). General anaesthesia was not used in any
of the cases. All 64 pregnancies resulted in live births with
no malformations or congenital anomalies. The mean fullterm birth weight was 3200 g (ranging from 2000 to
4250 g). There was only one newborn (1.6%) who was
small for gestational age (<10th centile for gestational age).

Delivery and characteristics of newborns
There were 12 planned caesarean deliveries (18.8%).
Forceps and vacuum were not used in any of the cases.

DISCUSSION
This is the ﬁrst study to analyse pregnancy-related issues
in patients with MS conducted in Lebanon and the

Breastfeeding
All of the newborns (100%) were breast-fed. The mean duration of breastfeeding was 157 days (ranging from 21 to
255 days). Forty-eight newborns (75%) were breast-fed for a
period ranging from 93 to 255 days. Sixteen newborns
(25%) were breast-fed for a period between 21 and 35 days.

Figure 1 Annualised relapse rate in the year before pregnancy, during pregnancy, and in the four years after delivery among
the 29 women with MS (vertical bars represent means and standard errors of means; * signifies p<0.05 for annualised relapse
rate when compared to the year before pregnancy). MS, multiple sclerosis.
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Table 2 Relapses of multiple sclerosis during pregnancy among 29 Lebanese women
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Comparison to similar studies
Similar to other studies in the literature,10 15–19 the
relapse rate of MS decreased signiﬁcantly during pregnancy. However, while other studies reported a signiﬁcant decrease in relapse rates in the third trimester of
pregnancy only,10 15–18 our study reported a signiﬁcant
decrease in relapse rates in all three trimesters of pregnancy. Additionally, in contrast to studies showing that
relapse rates rebounded signiﬁcantly in the ﬁrst trimester postpartum,10 15–17 our study was the ﬁrst to demonstrate a signiﬁcant decrease in relapse rates in the ﬁrst
year postpartum and a non-signiﬁcant rebound in the
second year postpartum when compared to the prepregnancy rate. Similar to other studies,10 15–17 20 21 over the
long-term postpartum, the relapse rates eventually
returned to prepregnancy rates.
The relapse rate in our study ranged between 0 and
0.21, which is the lowest among all the previous similar
studies. Confavreux et al10 reported relapse rates that
ranged between 0.20 and 1.20, Fernandez Liguori et al16
had relapse rates ranging between 0.04 and 0.82,
Jalkanen et al17 reported relapse rates that ranged
between 0.40 and 1.40, Salemi et al18 had relapse rates
ranging between 0.36 and 0.72, and Fragoso et al19
reported relapse rates that ranged between 0.29 and
1.37.
Among women in this study, interferon β 1-a treatment
was stopped 3 months before conception as a precautionary measure to avoid pregnancy complications or birth
defects. Fernandez Liguori et al,16 van Walderveen et al21
and Sandberg-Wollheim et al22 reported that high doses
of interferon β increased spontaneous abortions and
incidence of major birth defects (eg, Down syndrome,
hydrocephalus, abnormalities in the X chromosome,
etc). Several other studies suggest that, whenever possible, interferon β treatment should be discontinued
prior to conception.21–28 However, similar women in
other studies continued to receive treatment modalities
throughout pregnancy.10 15–19
Initially, vitamin D was given as a supplement to
address the paucity women may suffer from during
Fares J, et al. BMJ Open 2016;6:e011210. doi:10.1136/bmjopen-2016-011210

pregnancy,29 and to attend to the vitamin D deﬁciency
in the general Lebanese population.30 More recent
studies have also shown that maintaining adequate levels
of vitamin D during pregnancy might have a protective
effect and lower the risk of developing postpartum
relapses.31
Psychological support was crucial in maintaining the
mental well-being of the mother.32 Some women exhibited signs of anxiety and depression. Thus, after weighing risks and beneﬁts, they were given ﬂuoxetine in low
doses to improve their mental health. Magnesium
sulfate was also supplemented to support the pregnancy,
avoid potential complications, and further improve the
mental well-being of the women.33 Co-enzyme Q-10 was
given to enhance fertility and egg quality.34–36
According to our study, MS does not seem to increase
the risk of a caesarean delivery or require the use of
instrumentation. In contrast, Dahl et al37 and Jalkanen
et al17 reported a high level of planned caesarean deliveries and instrumental deliveries in patients with MS. In
line with previous studies,10 15 38 epidural anaesthesia
was not associated with an increase in postpartum
relapses.
Most similar studies reported complications during
and after pregnancy.10 15–19 Our study, however, reported
no obstetric complications; all of the pregnancies were
full term and resulted in live births.
As all of the women in our sample breast-fed their
babies, we did not ﬁnd a signiﬁcant relationship
between the number of days spent breastfeeding and
relapse. Similarly, other studies have also not found a signiﬁcant association between breastfeeding and
relapses.39–41 In practice, however, strong evidence supports the statement that breastfeeding does not increase
the risk of postpartum relapse—it could even be protective.41 42 Confavreux et al10 reported that women who
chose to breastfeed experienced signiﬁcantly fewer
relapses and had milder disability scores in the year after
pregnancy in comparison with women who chose not to
breastfeed. As medications used for the treatment of MS
may enter breast milk, these were normally withheld
during breastfeeding. The decision of whether to
resume a treatment postpartum was weighed against the
potential beneﬁts of breastfeeding.
Strengths and limitations
Careful prospective follow-up of women ensured good
data quality and up-to-date information in the present
study. The women served as their own controls because
matching a cohort of pregnant women with MS with a
cohort of women with MS who did not become pregnant would have been difﬁcult. Our results are also in
accordance with studies that have shown that MS does
not seem to have a deleterious effect on the course and
outcome of pregnancy or delivery.10 15–19 Furthermore,
the LeMS study is unique in the sense that it was the
ﬁrst to demonstrate that relapses disappeared completely during pregnancy and in the ﬁrst year
5
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MENA region. The frequency of relapses decreased signiﬁcantly during pregnancy and in the ﬁrst year postpartum compared with the rate estimated in the year
before pregnancy. Relapse rates rebounded in the
second year postpartum, and returned to the prepregnancy rate in the third and fourth years postpartum. In
line with other studies in the literature,10 15–19 all the
women in our study had RRMS. However, our sample
was unique in the sense that all women did not smoke,
drink alcohol or use drugs. All women were primiparous, had planned for the pregnancies, had stopped
treatment 3 months before conception, reported no
pregnancy or delivery complications, had no birth
defects or diseases postpartum and were capable of
breastfeeding. Our study does not show any unfavourable pregnancy outcomes associated with MS.
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Future research
A better understanding of the biological mechanisms
underlying this pregnancy-related decrease in disease
activity could lead to new and effective therapeutic strategies in MS. The reasons for the decreased relapse activity during pregnancy are not entirely clear, but factors
such as increased oestrogen levels before delivery, and
the immunosuppressive state of the women during pregnancy are likely to be of importance.43–45 The role of
breastfeeding and its potential effect on relapses postpartum can also be explored; we hypothesise that high
levels of prolactin in women with MS postpartum who
are breastfeeding play a protective role. We also believe
that the women’s genetics, lifestyle, mental well-being,
high vitamin D3, co-enzyme Q-10, and magnesium
sulfate supplementations may generate a protective
effect against relapses.
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