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Background. Multiple sclerosis (MS) is a disease that predominantly affects the young female population. It is important for an obstetrician
to know the effects of pregnancy on MS, and vice versa.
Objective. To demonstrate the impact of MS on pregnancy outcomes.
Methods. We retrospectively evaluated demographic features, clinical characteristics, and obstetric outcomes of 47 pregnancies in 24
patients with MS, between January 2007 and December 2016.
Results. Patients were divided into three groups: (i) 35 pregnancies in patients with MS who were in remission at the beginning of
pregnancy; (ii) 10 pregnancies in patients with MS whose disease was exacerbated at the beginning of pregnancy; and (iii) 2 pregnancies
in patients with active MS whose symptoms were relieved after becoming pregnant. The overall early pregnancy loss rate was 36.2%,
whereas it was 60% and 31.4% in the exacerbation and remission groups, respectively; and the overall preterm delivery rate was 30%,
while it was 29.1% and 50% in the remission and exacerbation groups, respectively.
Conclusion. Miscarriage and preterm delivery seem to be significant obstetric complications in pregnant women with MS.
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Multiple sclerosis (MS) is a chronic neuroinflammatory disease of
the central nervous system (CNS) that causes demyelination and
neurodegeneration in the spinal cord and brain.[1,2] It progresses with
relapses and remissions.[1,2] Its overall prevalence is 33 per 100 000,
and a large number of people worldwide are estimated to be affected
by the disease.[1,3] Although the prevalence varies considerably among
different countries,[4,5] MS is the leading cause of neurological disability
in the young adult population following traumatic events.[6] MS is
more common in women than men, with a female-to-male ratio of
approximately 3:2.[7]
MS is a multifactorial disease in which genetic susceptibility,
environmental factors and immunopathological processes together
induce inflammation, demyelination and degeneration of the CNS.[1,8-13]
Although there are several theories about the pathogenesis of this
disease, the exact cause has not yet been identified.[9,14-18]
The diagnosis is frequently made according to the revised 2010
McDonald criteria, which include clinical findings, laboratory
results and radiological screening patterns.[19] The clinical courses
that were described by the National Multiple Sclerosis Society in
1996 were revised in 2013. The frequently seen clinical courses
are: (i) relapsing-remitting MS; (ii) secondary progressive MS; and
(iii) primary progressive MS. Furthermore, a clinically isolated
syndrome and a radiologically isolated syndrome, which are
accepted as preceding phases, have been described.[20]
As MS is a disease that predominantly affects the young female
population, it is important for an obstetrician to know the effects
of pregnancy on MS, and vice versa. Recent studies indicate that
pregnancy may have a positive effect on the disease, whereas MS

may affect the birth weight of the infant, and the type of delivery.
The postpartum period and lactation may also have an impact on
the progress of MS.[21-29]
There is no consensus on the treatment of MS during pregnancy.
However, discontinuation of disease-modifying drugs during
pregnancy is recommended, owing to concerns about the possible
teratogenic effect of the drugs.[30-34]
The aim of the present study was to evaluate the clinical
progression of MS during pregnancy, and the pregnancy outcomes
of patients with MS, in a single-centre retrospective study.

Methods

The study was approved by the ethics committee of Hacettepe
University (ref. no. GO 17/425). The study was conducted in
accordance with the Declaration of Helsinki. The patients provided
informed consent for participation in the research study, and their
privacy was protected.
We retrospectively evaluated the demographic features, clinical
characteristics and obstetric outcomes of patients with MS, within
the framework of the antenatal care programme of the Division
of Perinatology, Hacettepe University, between January 2007 and
December 2016. The study sample consisted of 47 pregnancies in 24
patients with MS. Data were obtained from the Hacettepe University
Perinatal Medicine database.
The diagnosis of MS was made according to clinical findings
that were supported by ancillary tests performed by neurologists.
Systemic neurological examination, laboratory tests, and
radiological imaging procedures were used for the definitive
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diagnosis. Magnetic resonance imaging, evoked potentials and,
in some cases, even lumbar punctures for oligoclonal bands
were performed. However, when pregnancy was confirmed,
immunomodulatory drugs were stopped, as there is a lack of
evidence on the safety of these medications for the fetus. During
exacerbations, steroid treatment was administered. Antenatal
follow-up of the patients was done in the Division of Perinatology.
The follow-up was carried out by the Hacettepe University Hospital
Neurology Department, along with the Division of Perinatology.
In this small series, we did not classify the cases according to the
clinical course of MS; however, we divided the pregnancies into
three groups according to the presence of MS-related complaints
that necessitated steroid treatment during pregnancy, as follows:
(i) absence of additional MS-related complaints that necessitated
steroid treatment (n=35); (ii) presence of MS-related complaints
before gestation, but with disappearance of signs and symptoms
after pregnancy (n=2); and (iii) presence of MS-related complaints
after pregnancy that necessitated steroid treatment (n=10).
MS-related complaints were defined as the presence of ocular
symptoms (ptosis and/or diplopia), bulbar symptoms (dysarthria,
dysphagia and fatigable chewing) and/or proximal limb weakness.
Statistical analysis was conducted by using Statistical Package
for the Social Sciences version 22 (IBM Corp., USA)). Means and
standard deviations (SDs) were used for numerical values, and
percentages were calculated.

Results

The mean (SD) age of the patients was 28.0 (5.1) years. The mean
gravidity and parity were 2.0 (1.5) and 1.0 (0.0), respectively. The
mean (SD) gestational age at birth was 261.0 (24.0) days. The mean
(SD) birth weight of the infants was 3014.6 (817.9) g. The mean
postpartum haemoglobin value was 10.9 (1.5) g/dL, and the mean
(SD) 5-min Apgar score was 9 (0.5) (Table 1).
When we evaluated the pregnancy outcomes of the 47 MS
pregnancies, we found 15 miscarriages (31.9%), 1 pregnancy
termination due to triploidy (2.1%), 1 ectopic pregnancy (2.1%) and
Table 1. Demographic and obstetric variables with postpartum
haemoglobin values (N=47)
Variable
Age (years)
Gravida
Parity
Gestational age at birth,
days
Birth weight (g)
Postpartum haemoglobin
(g/dL)
Apgar score

n
47
47
12
30

Range
19 - 39
1-7
1-1
154 - 284

Mean (SD)
28 (5.1)
2 (1.5)
1 (0.00)
261 (23.9)

30
30

200 - 4 320
7.50 - 13.70

3 014.60 (817.9)
10.90 (1.5)

30

0 - 10

9 (0.5)

Table 2. Pregnancy outcomes (N=47)
Variable
Term
Preterm
Miscarriage
Pregnancy termination
Ectopic pregnancy

n (%)
21 (44.7)
9 (19.1)
15 (31.9)
1 (2.1)
1( 2.1)
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30 deliveries (9 preterm (19.1%) and 21 term (44.7%)). The obstetric
outcomes are shown in Table 2.
MS exacerbation was seen in 10 pregnancies (21.2%), and steroid
treatment was required during the pregnancy in these cases. The
miscarriage rate was 60% (6 of 10) in this group. The remaining 4
patients delivered without any perinatal complications (2 preterm
and 2 term deliveries). Remission was observed in two pregnancies
in women with active MS at the beginning of pregnancy; both of
these patients delivered at term without any complications. Table
3 shows the outcomes of the remaining 35 pregnancies in patients
with MS who were in remission at the beginning of pregnancy.
Twenty-four (68.6%) of these patients delivered without any
perinatal complications (7 preterm and 17 term deliveries). The
overall preterm delivery rate was 30.3% (9 of 30). The gestational
ages of the nine preterm deliveries were between 32 weeks and 36
weeks 5 days. The mean birth weight of the infants in these nine
preterm deliveries was 2 380 g.
Adverse effects of lactation and flare-up of the disease were
observed in two pregnancies in the first 6 months of the postpartum
period (2 of 30 (6.6%)).
Gestational diabetes mellitus was observed in one patient (2.1%).
Neither gestational hypertension nor pre-eclampsia was observed in
these pregnancies. Preterm prelabour rupture of the membranes was
observed in three patients (all preterm deliveries) (3 of 30 (10%)).
There were no major congenital anomalies.
There were 30 births in 47 pregnancies (63.8%). Thirteen (43.4%)
infants were delivered by spontaneous vaginal birth (no labour
induction), and 17 (56.6%) were delivered by caesarean section (CS).
Sixteen (53.3%) infants were male, and 14 (46.7%) were female.

Discussion

MS mostly affects the young adult population, as the mean age of
onset ranges from 28 to 31 years.[10] The mean age of the patients in
our study was 28 years, which is consistent with the literature.
In this study, the overall early pregnancy loss rate was 36.1%
(17 of 47), which is higher than the rate in women without MS.[35]
We also found that the early pregnancy loss rates were 31.4%
(11 of 35) and 60% (6 of 10) in the remission and exacerbation
groups, respectively. This may be due to the injury of the
syncytiotrophoblasts, endovascular trophoblasts covering the tip of
the spiral arteries, endothelial cells of the spiral veins, superficial/
glandular epithelial cells of the decidua (intervillous space of the
placenta), induced by MS-related inflammatory processes, and
the entrance of cell degradants of these tissues into the maternal
circulation. These biological events result in impaired implantation
and a disturbed fetal perfusion. These mechanisms might be the
reason for the high early pregnancy loss rate in patients with MS.[36]
It has been reported that preterm delivery and intrauterine
growth restriction are more frequent in pregnancies of women with
MS.[27-29,37] In this study, the prematurity rate was 30.3% (9 of 30),
which is consistent with the literature. On the other hand, the
preterm deliveries were late preterm births, and the mean birth
weight of the neonates was 3 014.60 g, without any perinatal loss.
The mean 5-minute Apgar score was 9 in our study group.
In this study, the rate of exacerbation of MS was 21.3%, which is
higher than that reported in previous studies.[21,23-25] On the other
hand, the miscarriage rate was 60% in patients with MS with disease
exacerbation, and only one pregnancy with intrauterine growth
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Table 3. Antenatal outcomes of patients with multiple sclerosis according to disease status
n (%)
Disease status
Remission during pregnancy (n=35)
MS exacerbation during pregnancy (n=10)
Active MS but remission after pregnancy (n=2)

Term + AGA
17 (48.6)
2 (20)
1 (50)

Miscarriage
9 (25.7)
6 (60)
0

Preterm
7 (20)
2 (20)
0

Macrosomy
0
0
1 (50)

Pregnancy termination
1 (2.8)
0
0

Ectopic
pregnancy
1 (2.8)
0
0

AGA = appropriate for gestational age; MS = multiple sclerosis.

restriction was included in this group. These findings may support
the theory claiming the adverse effect of placental intervillous space
inflammation.[36]
The main strength of the present study was its evaluation of MS in
pregnancy in terms of the obstetric outcomes related to the course
of the disease. The relatively small number of patients, single-centre
experience and retrospective design were the main limitations of the
study.
In this study, the CS rate was 56.6%, consistent with the high
CS rates for women with MS reported in the literature.[27-29] The
indications for CS are complicated in patients with MS, and very
much dependent not only on obstetric factors, but also on the
severity of clinical symptoms.

Conclusion

Pregnancy in patients with MS necessitates a multidisciplinary
antenatal care programme Individualised management is
important, to have lower perinatal morbidity and mortality.
Patients with MS can be safely allowed to conceive when they
are in remission, and their assessed risk is low. Pregnancy has no
adverse effects on MS that may lead to serious deterioration of the
disease.
Acknowledgements. None.
Author contributions. OO took part in study design, manuscript writing and
data analysis. AT took part in study design, data collection, statistical analysis
and manuscript writing. FA took place in data collection, statistical analysis
and manuscript writing. MB took part in data collection and manuscript writing. RK took part in study design, interpretation of the data and manuscript
writing. MSB took part in manuscript writing, study design and interpretation
of the data.
Conflicts of interest. None.
Funding. None.
1. Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple sclerosis. Nat Rev Immunol
2015;15(9):545-558. https://doi.org/10.1038/nri3871
2. Mahad DH, Trapp BD, Lassmann H. Pathological mechanisms in progressive multiple sclerosis.
Lancet Neurol 2015;14(2):183-193. https://doi.org/10.1016/S1474-4422(14)70256-X
3. Multiple Sclerosis International Federation. Atlas of MS 2013: Mapping Multiple Sclerosis Around
the World. London: Multiple Sclerosis International Federation, 2013.
4. Evans C, Beland S-G, Kulaga S, et al. Incidence and prevalence of multiple sclerosis in the Americas:
A systematic review. Neuroepidemiology 2013;40(3):195-210. https://doi.org/10.1159/000342779
5. Kingwell E, Marriott JJ, Jetté N, et al. Incidence and prevalence of multiple sclerosis in Europe: A
systematic review. BMC Neurol 2013;13(1):128. https://doi.org/10.1186/1471-2377-13-128
6. Ramagopalan SV, Sadovnick AD. Epidemiology of multiple sclerosis. Neurol Clin 2011;29(2):207217. https://doi.org/10.1016/j.ncl.2010.12.010
7. Alonso A, Hernán MA. Temporal trends in the incidence of multiple sclerosis: A systematic review.
Neurology 2008;71(2):129-135. https://doi.org/10.1212/01.wnl.0000316802.35974.34
8. Weiner HL. Multiple sclerosis is an inflammatory T-cell-mediated autoimmune disease. Arch
Neurol 2004;61(10):1613-1615. https://doi.org/10.1001/archneur.61.10.1613
9. Ebers GC. Environmental factors and multiple sclerosis. Lancet Neurol 2008;7(3):268-277. https://
doi.org/10.3390%2Fijms130911718

10. Goodin DS. The epidemiology of multiple sclerosis: Insights to disease pathogenesis. Handb Clin
Neurol 2014;122(6):231-266. https://doi.org/10.1016/B978-0-444-52001-2.00010-8
11. Roach E. Is multiple sclerosis an autoimmune disorder? Arch Neurol 2004;61(10):1615-1616.
https://doi.org/10.1001/archneur.61.10.1615
12. Chaudhuri A, Behan PO. Multiple sclerosis is not an autoimmune disease. Arch Neurol
2004;61(10):1610-1612. https://doi.org/10.1001/archneur.61.10.1610
13. Ascherio A, Munger KL. Environmental risk factors for multiple sclerosis. Part II: Noninfectious
factors. Ann Neurol 2007;61(6):504-513. https://doi.org/10.1002/ana.21141
14. Paul F, Wattjes MP. Chronic cerebrospinal venous insufficiency in multiple sclerosis: The final
curtain. Lancet 2014;383(9912):106-108. https://doi.org/10.1016/S0140-6736(13)61912-1
15. Popescu BFG, Pirko I, Lucchinetti CF. Pathology of multiple sclerosis: Where do we stand? Continuum
(Minneap Minn) 2013;19(4):901-921. https://doi.org/10.1212/01.CON.0000433291.23091.65
16. Frischer JM, Weigand SD, Guo Y, et al. Clinical and pathological insights into the dynamic nature of
the white matter multiple sclerosis plaque. Ann Neurol 2015;78(5):710-721. https://doi.org/10.1002/
ana.24497
17. Sawcer S, Hellenthal G, Pirinen M, et al. Genetic risk and a primary role for cell-mediated
immune mechanisms in multiple sclerosis. Nature 2011;476(7359):214-219. https://doi.org/10.1038/
nature10251
18. Brahic M. Multiple sclerosis and viruses. Ann Neurol 2010;68(1):6-8. https://doi.org/10.1002/
ana.22057
19. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions
to the McDonald criteria. Ann Neurol 2011;69(2):292-302. https://doi.org/10.1002/ana.22366
20. Lublin FD, Reingold SC, Cohen JA, et al. Defining the clinical course of multiple sclerosis. The
2013 revisions. Neurology 2014;83(3):278-286. https://doi.org/10.1212/WNL.0000000000000560
21. Finkelsztejn A, Brooks J, Paschoal F, Fragoso Y. What can we really tell women with multiple
sclerosis regarding pregnancy? A systematic review and meta‐analysis of the literature. Br J Obstet
Gynaecol 2011;118(7):790-797. https://doi.org/10.1111/j.1471-0528.2011.02931.x
22. Confavreux C, Hutchinson M, Hours MM, Cortinovis-Tourniaire P, Moreau T. Rate of pregnancyrelated relapse in multiple sclerosis. New Eng J Med 1998;339(5):285-291. https://doi.org/10.1056/
NEJM199807303390501
23. Vukusic S, Hutchinson M, Hours M, et al. Pregnancy and multiple sclerosis (the PRIMS study):
Clinical predictors of post‐partum relapse. Brain 2004;127(6):1353-1560. https://doi.org/10.1093/
brain/awh152
24. Bove R, Alwan S, Friedman JM, et al. Management of multiple sclerosis during pregnancy and
the reproductive years: A systematic review. Obstet Gynaecol 2014;124(6):1157-1168. https://doi.
org/10.1097/AOG.0000000000000541
25. Hughes SE, Spelman T, Gray OM, et al. Predictors and dynamics of postpartum relapses in women
with multiple sclerosis. Mult Scler 2014;20(6):739-746. https://doi.org/10.1177/1352458513507816
26. Langer-Gould A, Beaber BE. Effects of pregnancy and breastfeeding on the multiple sclerosis disease
course. Clin Immunol 2013;149(2):244-250. https://doi.org/10.1016/j.clim.2013.01.008
27. Franklin GM, Tremlett H. Multiple sclerosis and pregnancy: What should we be telling our patients?
Neurology 2009;73(22):1820-1822. https://doi.org/10.1212/WNL.0b013e3181c3f2aa
28. Kelly VM, Nelson LM, Chakravarty EF. Obstetric outcomes in women with multiple sclerosis and
epilepsy. Neurology 2009;73(22):1831-1836. https://doi.org/10.1212/WNL.0b013e3181c3f27d
29. Dahl J, Myhr K-M, Daltveit A, Hoff J, Gilhus N. Pregnancy, delivery, and birth outcome in
women with multiple sclerosis. Neurology 2005;65(12):1961-1963. https://doi.org/10.1212/01.
wnl.0000188898.02018.95
30. Alroughani R, Altintas A, Al Jumah M, et al. Pregnancy and the use of disease-modifying therapies
in patients with multiple sclerosis: Benefits versus risks. Mult Scler Int 2016;2016:1034912. https://
doi.org/10.1155/2016/1034912
31. Coyle PK. Multiple sclerosis and pregnancy prescriptions. Expert Opin Drug Saf 2014;13(12):15651568. https://doi.org/10.1517/14740338.2014.973848
32. Ghezzi A, Annovazzi P, Portaccio E, Cesari E, Amato MP. Current recommendations for multiple
sclerosis treatment in pregnancy and puerperium. Expert Rev Clin Immunol 2013;9(7):683-691.
https://doi.org/10.1586/1744666X.2013.811046
33. Lu E, Wang BW, Guimond C, Synnes A, Sadovnick D, Tremlett H. Disease-modifying drugs for
multiple sclerosis in pregnancy: A systematic review. Neurology 2012;79(11):1130-1135. https://doi.
org/10.1212/WNL.0b013e3182698c64
34. Fragoso YD, Boggild M, Macias-Islas MA, et al. The effects of long-term exposure to diseasemodifying drugs during pregnancy in multiple sclerosis. Clin Neurol Neurosurg 2013;115(2):154159. https://doi.org/10.1016/j.clineuro.2012.04.024
35. Mueller BA, Zhang J, Critchlow CW. Birth outcomes and need for hospitalisation after delivery
among women with multiple sclerosis. Am J Obstet Gynecol 2002;186(3):446-452.
36. Beksaç K, Örgül G, Çagan M, Karaagaoglu E, Arslan S, Beksaç MS. Retrospective evaluation of
pregnant women with celiac disease. J Turk Ger Gynecol Assoc 2017;18(1):56-59. https://doi.
org/10.4274%2Fjtgga.2016.0198
37. Chen YH, Lin HL, Lin HC. Does multiple sclerosis increase risk of adverse pregnancy outcomes? A
population-based study. Mult Scler 2009;15(5):606-612. https://doi.org/10.1177/1352458508101937

Accepted 21 January 2019.

SAJOG • Month 20xx, Vol. xx, No. X

30

