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Abstract 

Background: Pregnancy is a recent growing issue in multiple sclerosis (MS) and the update in the diagnostic criteria 
of MS and introduction of many disease‑modifying therapies (DMTs) may cause changes in the relationship between 
MS, pregnancy, and breastfeeding. This study aimed to investigate the effect of pregnancy and breastfeeding on MS 
and vice versa. A retrospective observational study was conducted to include MS women with a history of at least 
one pregnancy during the last 7 years. Data were collected from the archived files in addition to a self‑administrating 
questionnaire. The annualized relapsing rate (ARR) was calculated before, during, and after pregnancy.

Results: We included 116 successful pregnancies from 93 MS women with mean age 32.74 ± 5.12 years. Interferon‑
beta was the commonly used DMT during and after pregnancy. Despite the ARR during the two years preceding the 
conception was 0.36 (95% CI 0.32–0.41), this rate was significantly decreased during first, second, and third trimester 
(0.07; 95% CI 0.04–0.15, 0.10; 95% CI 0.03–0.17, and 0.15; 95% CI 0.08–0.24, respectively; P‑value < 0.001 in all). Further‑
more, this ARR was significantly decreased during the first and last three months after delivery (0.27; 95% CI 0.16–0.39; 
P‑value = 0.037, and 0.24; 95% CI 0.17–0.38; P‑value = 0.023). Exclusive breastfeeding was associated with deceased 
risk of postpartum relapse, with HR 0.31 (95% CI 0.12–0.67; P = 0.002).

Conclusions: Pregnancy is protective from MS relapse, with a significant decrease of ARR from the pre‑pregnancy 
period. Postpartum reactivation of the disease occurs from the third month after labor, rather than the early postpar‑
tum period. Exclusive breastfeeding for at least 2 months decreased the risk of postpartum relapse.
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Background
Multiple sclerosis (MS) is an autoimmune disease affect-
ing the central nervous system (CNS) of adults, especially 
women during the childbearing period [1]. Therefore, 
pregnancy-associated conditions like lactation are major 
concerns that should be discussed and studied in women 
with MS. There was a concept, that was retrieved from 
the previous literature, illustrating that women with 
relapsing remittent (RR) MS have a relatively lower risk 
of relapse during pregnancy than the pre-pregnancy 

period. However, this risk would increase immediately 
postpartum to be higher in the pre-pregnancy period 
[2–5]. The mechanism of that assumption is not well 
known,however, it may be due to the decrease of cel-
lular immunity and the increase of humoral immunity 
with shifting from Th1 to Th2 during pregnancy and the 
opposite occur after delivery, causing reactivation of the 
disease [2, 6]. This concept was dependent on a previous 
work that was published more than a quarter of a cen-
tury ago [2]. Therefore, this concept need revision as the 
MS diagnostic criteria was recently updated to include 
many women with mild symptoms at the early stages of 
the disease.
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This concept showed its direct effect on family plan-
ning, breastfeeding, and treatment choices due to the 
fear of postpartum relapse and the progression of disabil-
ity. It is a hard choice for any MS woman to stop specific 
disease-modifying therapy (DMT), stop breastfeeding, or 
continue breastfeeding with the risk of affection by DMT. 
Resuming the DMT after pregnancy could decrease the 
risk of postpartum relapse but could affect the infant 
due to the discontinuation of breastfeeding, which has 
multiple benefits for the infant. There is no enough data 
regarding the effect of DMT on breastfeeding [7–9].

Many previous studies which tried to discuss this con-
troversy showed many limitations included; small sample 
size, selection bias, and inefficient measure of study out-
come (pregnancy and breastfeeding) [10–13]. A previous 
systematic review and meta-analysis studying the asso-
ciation between postpartum relapse and breastfeeding 
revealed that breastfeeding could protect from postpar-
tum relapse [14]. This may be due to resuming DMT after 
labor, not due to the lactation. Other studies revealed 
that resuming DMT with the first two years, two months, 
or even the first year after delivery had no beneficial 
effect [7–9]. Therefore, this study aimed to investigate the 
correlation of pregnancy, labor, and lactation with relapse 
and disease progression in both RR and primary progres-
sive MS. Furthermore, we aimed to investigate the effect 
of prior treatment with DMT on pregnancy and fatal out-
comes and the relationship between DMTs and lactation.

Methods
This study was conducted as a retrospective observa-
tional study through which the data were obtained from 
the archived files of eligible participants. Furthermore, a 
study-specific questionnaire was introduced and filled by 
each participant. This study was conducted at MS units 
in three hospitals. This study was conducted in concord-
ance with the declaration of Helsinki and each partici-
pant signed informed consent before being enrolled in 
the study. The institutional review board approval was 
obtained from our ethical committee.

Any known clinically definite MS (CDMS) female 
patient with childbearing potential (15–45 years old) with 
a history of at least one pregnancy during the last seven 
years was included in the study. The diagnosis of MS 
should be established at least one year before pregnancy.

Any female patient with an unconfirmed diagnosis or 
those who did not conceive during the last seven years 
was excluded from the study. Moreover, patients with 
other demyelinating diseases or any vasculitic or other 
autoimmune diseases were also excluded. Patients with 
EDSS score more than 6 at the enrolled time were also be 
omitted.

Demographic and clinical data including age, body 
mass index (BMI), time duration since MS diagnosis, 
comorbidities rather than MS, number of pregnancies, 
and abortions before and after MS diagnosis (in the last 
seven years) were considered. The Expanded Disability 
Status Scale (EDSS) was assessed at the time of presenta-
tion and compared with that has been measured during 
and before pregnancy. In addition to EDSS, disability was 
assessed at the time of enrollment and graded as; no disa-
bility, some disability but fully ambulatory (minimal disa-
bility), some ambulatory impairment, cane required, and 
wheelchair required [15]. Pre-conceptional data includ-
ing the use of DMT, preparation for pregnancy, relaps-
ing rate, and usage of fertility-associated medication, 
discontinuation of DMT before pregnancy, in the case of 
planned pregnancy, were also assessed. In addition, the 
pregnancy data including use of DMT during the initial 
period of unexpected pregnancy, relapsing rate during 
pregnancy, steroid therapy, abortion, preeclampsia, and 
other pregnancy-related outcomes were considered. Fur-
thermore, the labor data including the type of delivery, 
the way of anesthesia, neonatal outcomes immediately 
after delivery, and delivery associated complications were 
considered. Furthermore, post-partum data including the 
RR, using steroids as prophylaxis, breastfeeding outcome, 
and DMT used after delivery were considered.

The annualized relapsing rate (ARR) was calculated 
two years before conception, very trimester during preg-
nancy, and every three months after pregnancy. In the 
case of multiple pregnancies, the ARR was calculated by 
dividing all relapses that were happened in that period 
on the time per year (0.33) and divide them by the total 
number of pregnancies. Breastfeeding was categorized 
into exclusive, mixed, and non, based on the data from 
the first two months postpartum. Survival analysis was 
used to assess the time to first relapse after delivery 
and hens the association between DMT resuming, and 
breastfeeding. Sensitivity analysis was used to assess the 
effect of disease severity on pregnancy outcomes, the 
used DMT and breastfeeding. Regression analysis was 
conducted to investigate the predictor factors of relapse 
either during pregnancy and postpartum with hazard 
ratio (HR) and 25% confidence interval (CI).

Continuous variables will be represented as either 
means and standard deviation (SD) or median and 
interquartile range (IQR) according to their normality. 
Normal distribution was assessed using the Kolmogo-
rov–Smirnov test. To compare the means between two 
groups, we used parametric (t-test) and non-parametric 
tests (Mann–Whitney U test), depending on the type 
of data distribution and the total number of patients in 
each group. Furthermore, the Wilcoxon test, the McNe-
mar test, and the t-test were used for repeated measures 
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to study the annualized relapsing rate over time (before, 
during, and after pregnancy). The association between 
qualitative variables was studied with the chi-square test 
or the Fisher exact test. Statistical analysis was conducted 
using SPSS version 24.0 and statistical significance was 
set at P < 0.05.

Results
After fulfilling eligibility criteria, 116 successful pregnan-
cies were included from 93 MS women. The mean age of 
the included patients was 32.74 ± 5.12 years. Most of the 
included women were diagnosed with relapsing remit-
tent MS (RRMS) with more than 55% developed one 
or more relapses in the 2 years preceding the concep-
tion. The majority of the patients did not show disability 
or just showed minimal disability with DMT usage one 
year before the conception. Interferon beta was the most 
DMT used by the patients (Table 1).

Having the effect of MS on pregnancy and labor-related 
outcomes, the duration of pregnancy was lower after 
MS development (P = 0.041). Furthermore, the anesthe-
sia was shifted from spinal to general anesthesia in most 
patients after MS development, and the mode of deliv-
ery was shifted from normal to cesarean in most patients 
after MS development. Moreover, the breastfeeding sig-
nificantly decreased after MS development (Table 2).

Having the effect of pregnancy and its related issues on 
MS, the patients used DMTs intentionally in six pregnan-
cies; however, DMTS were used accidentally, during the 
first trimester, in 38 pregnancies. Interferon-beta was the 
most commonly used DMT either intentionally or acci-
dentally during pregnancy and postpartum. Having the 
postpartum relapse, about 20% of pregnancies reported 
one postpartum relapse, while 4.3% reported two post-
partum relapses. The median time of postpartum relapses 
was 171 days (Table 3).

Having the relapsing rate, only 11 pregnancies reported 
one relapse during the period of pregnancy. Among 
them, eight patients accidentally exposed to fingolimod 
during the initial months of pregnancies then abruptly 
stopped. The remaining three patients included one who 
exposed accidentally to dimethyl fumarate, one exposed 
accidentally to rituximab, and one who was taking inter-
feron beta but planned for pregnancy and did not expose 
accidentally to any DMT. On the other hands, 37 relapses 
had occurred during the first postpartum year of 36 
pregnancies. Despite the ARR during the 2 years preced-
ing the conception was 0.36, this rate was significantly 
decreased during the first, second, and third trimesters 
(P-value < 0.001 in all). Furthermore, this ARR was signif-
icantly decreased during the first and last three months 
after delivery (P-value = 0.023). However, this ARR did 

not change during the middle 6 months of the year fol-
lowing the delivery (Table 4).

The pattern of ARR was shown to decrease during 
pregnancy and the three months following the delivery, 
then increase during the following six months and finally 
decrease again during the last three months of the first 
year following the delivery (Fig. 1).

Table 1 Demographic characteristics of the included 93MS 
women with 116 pregnancies

DMT disease-modifying therapy; IQR interquartile range; MS multiple sclerosis; 
RRMS relapsing–remitting MS; EDSS Expanded Disability Status Scale
a One case with deep venous thrombosis

Characteristic Value

Age (mean, SD), years 32.74 ± 5.12

Disease duration, median (IQR), years 4.5 (1.93–8.92)

MS subtype at onset of pregnancy, no. (%)

 RRMS 109 (93.96%)

 Progressive, relapsing MS 7 (6.03%)

Relapses during 2 years before  pregnancya

 0 52 (44.83%)

 1 43 (37.07%)

 ≥ 2 21 (18.10%)

MS‑related disability, no. (%)

 No disability 70 (60.34%)

 Some disability but fully ambulatory 37 (31.89%)

 Some ambulatory impairment 7 (6.03%)

 Cane required 1 (0.86%)

 Wheelchair required 1 (0.86%)

EDSS score before pregnancy, no. (%)

 0–0.5 56 (48.27%)

 1–1.5 39 (33.63%)

 2–2.5 14 (12.07%)

 3–3.5 5 (4.31%)

 ≥ 4 2 (1.72%)

DMT use before pregnancy, no. (%)

 Never 18 (15.52%)

 At the time of conception 23 (19.83%)

 Within 1 year prior 75 (64.65%)

Type used within 1 year prior

 Interferon‑beta 39 (33.62%)

 Dimethyl fumarate 7 (6.03%)

 Natalizumab 1 (0.86%)

 Rituximab 9 (7.76%)

 Ocrelizumab 4 (3.45%)

 Fingolimod 13 (11.21%)

 Teriflunomide 2 (1.72%)

Comorbidities other than MS

 Hypertension 8 (6.89%)

 Diabetes mellitus 1 (0.86%)

  Othersa 1 (0.86%)
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The regression analysis revealed that exclusive breast-
feeding is associated with decreased risk of postpartum 
relapse with HR 0.31 (P = 0.002), while nonexclusive 
breastfeeding did not show this association. Further-
more, the pre-pregnancy relapses were associated with 
an increased risk of relapse during pregnancy. Moreo-
ver, pregnancy relapses were associated with an increase 
in the risk of further relapses during the pregnancy and 
the following pregnancies (P < 0.001). Similar results were 
seen regarding the disability (Table 5).

Discussion
Pregnancy is a recent growing issue in MS since the past 
two centuries when pregnancy was hypothesized to pro-
tect from MS activities and relapse and the postpartum 
period was hypothesized to increase the risk of relapse 
and the disease activity especially during the initial 

months of this period. Till now, no standardized treat-
ment to reduce the risk of this rebound, and there is no 
enough data as regards the usefulness of most DMTs in 
such period. Furthermore, the change in the diagnos-
tic criteria of MS and the inclusion of milder cases may 
cause changes in that concept as regards the relation-
ship between MS and pregnancy and breastfeeding. This 
observational study was conducted to investigate this 
relationship and the factors affecting it. We have found 
that the ARR decreased during pregnancy and returned 
to increase after labor to a level that exceeded the pre-
pregnancy period. Furthermore, exclusive breastfeeding 
for at least two months decreased the risk of postpartum 
relapse; however, pre-pregnancy and pregnancy relapses 
in addition to the disability were shown to be predictive 
variables for increase the pregnancy and postpartum 
relapses.

Table 2 Effect of MS on pregnancy and labor related outcomes

MS multiple sclerosis
a Complications other than abortion
b Other than relapses

*Level of significance is set when the P-value < 0.05

Before MS diagnosis After MS diagnosis P-value*

No. of pregnancies 39 116

 Planned 27 (69.2%) 67 (57.76%) 0.204

 Unplanned 12 (30.8%) 49 (42.24%)

Duration of pregnancy (months) 9.4 ± 0.27 9.2 ± 0.24 0.041
No. of abortions 13 19

 First trimester 6 (46.15%) 11(57.89%) 0.599

 Second trimester 3 (23.08%) 5 (26.32%)

 Third trimester 4 (30.77%) 3 (15.79%)

Pregnancy  complicationsa 7 (17.95%) 11 (9.48%) 0.153

 Fetal complications 1 (14.29%) 2 (18.18%) 0.829

 Maternal complications 6 (85.71%) 9 (81.82%)

Anesthesia during labor

 General 2 (5.13%) 99 (85.34%)  < 0.001
 Spinal 37 (94.87%) 17 (14.66%)

Type of delivery

 Normal 18 (46.15%) 7 (6.03%)  < 0.001
 Cesarian 21 (53.85%) 109 (93.97%)

Complicated delivery 3 (7.79%) 8 (6.89%) 0.867

Complications after delivery

  Maternalb 0 (0%) 9 (7.76%) 0.247

 Neonatal 2 (5.13%) 4 (3.45%)

Breast feeding after delivery

 Non 12 (30.77%) 48 (41.68%) 0.038
 Exclusive for 2 months or more 17 (43.59%) 26 (22.41%)

 Non‑exclusive 10 (25.64%) 42 (36.21%)

Usage of contraception after delivery

 Hormonal 22 (56.41%) 72 (62.07%) 0.776

 Physical 15 (38.46%) 44 (37.93%)
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The reduced risk of postpartum relapse was obvious 
in the first 6 months postpartum and was independent 
of the pre-pregnancy disease activity, as it was shown in 
women with suboptimal disease control pre-pregnancy 
active disease. Interestingly, the use of DMTs either 
pre-pregnancy or immediately after pregnancy did not 
show to affect the ARR during pregnancy or after labor. 
These results were concomitant with a recently published 
cohort [16]. However, most women forego breastfeeding, 
either exclusive or non-exclusive, after MS development. 
This could be due to the fear of the risk of MS relapse or 
they to start DMT. These results were against the results 
that were revealed by Langer-Gould and colleagues who 
revealed that MS wanted to continue breastfeeding after 
MS development [16].

About two-thirds of the included pregnancies were 
associated with at least one MS relapse during the pre-
pregnancy 2 years. Despite the control of MS was sub-
optimal in these women, they conceived without fear 
of disease activity. However, this could be problematic 
as the pre-pregnancy MS relapse was a predictive fac-
tor of MS relapse during pregnancy and postpartum. 
These results were shown in previously published stud-
ies [2, 7, 16–18]. This courage to conceive could be due 
to the absence of disability, as about 70% of our patients 
were free of disability, the presence of a large fraction 
of unplanned pregnancies, and lack of periconceptional 
consultation. Langer-Gould and colleagues revealed that 
the presence of disability or residuals from the attacks 
were predictors of long-term poor outcome [19].

The use of DMT is a considerable challenge during 
pregnancy and postpartum. Interferon beta was proven 
to be safe DMTs during and after pregnancy [20]. Simi-
larly, natalizumab showed encouraging results with-
out any risk of abortion or fetal complications [21, 
22]. There is no enough data as regards the effect of 

Table 3 The effect of pregnancy and labor on MS outcomes

DMT disease-modifying therapy; IQR interquartile range; MS multiple sclerosis
a During the second and/or third trimester
b Of those who relapse
c Of those who resumed DMTs

Characteristic Total, n = 116

Pregnancy

 Relapse during pregnancy, no. (%) 13 (11.21%)

DMT use during  pregnancya, no. (%)

 Intentionally 6 (5.17%)

 Accidentally (at first trimester) 38 (32.76%)

DMT type used (Intentionally)

 Interferon‑beta 5 (83.33%)

DMT type used (Accidentally)

 Interferon‑beta 15 (39.47%)

 Dimethyl fumarate 7 (18.42%)

 Fingolimod 12 (31.58%)

 Rituximab 3 (7.89%)

 ocrelizumab 1 (2.63%)

Postpartum period

 No. of pregnancies with postpartum relapses, no. (%)

  0 85 (73.28%)

  1 24 (20.69%)

  2 5 (4.31%)

  ≥ 3 2 (1.72%)

Time to first postpartum  relapseb, median (IQR), days 171 (78–232)

DMT use during postpartum year, no. (%)

 None 69 (59.48%)

 Interferon‑beta 22 (18.97%)

 Dimethyl fumarate 7 (6.03%)

 Natalizumab 3 (2.57%)

 Rituximab 4 (3.45)

 Fingolimod 8 (6.90%)

 Ocrelizumab 3 (2.57%)

 Time to restart DMT after  deliveryc (median, IQR), d 86 (29–201)

Table 4 Relapse rates before, during, and after pregnancy

a Mean and 95% confidence intervals
* Compared with 2 years before pregnancy, generalized estimation equations were used to account for women with multiple pregnancies. Level of significance is set 
when the P-value < 0.05

No. pregnancies No. relapses Rate of relapse/pregnancies/
ya

P value*

2 years before pregnancy 63 84 0.36 (0.32–0.41) –

Pregnancy

 First trimester 2 2 0.07 (0.04–0.15)  < 0.001
 Second trimester 3 3 0.10 (0.03–0.17)  < 0.001
 Third trimester 6 6 0.15 (0.08–0.24)  < 0.001
Year after pregnancy

 Months 1–3 8 8 0.27 (0.16–0.39) 0.037

 Months 4–6 11 11 0.38 (0.26–0.52) 0.990

 Months 7–9 10 11 0.38 (0.26–0.52) 0.751

 Months 10–12 7 7 0.24 (0.17–0.38) 0.023
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remaining DMT on pregnancy and breastfeeding [23]. 
Rituximab was shown to be helpful during breastfeed-
ing, but not pregnancy, in women with highly active 
disease [24, 25]. Therefore, it is recommended to start 
in such patients 6–12  months after labor [24]. Our 
results regarding the absence of DMT usage and post-
partum disease activity were concomitant with previ-
ous studies that included women who resumed DMT as 

early as the first two weeks of the first postpartum year 
[7–9, 16]. These studies included more advanced cases 
than our study.

Among the 12 women who were exposed accidentally 
to fingolimod, eight patients developed MS relapses dur-
ing pregnancy, and all of them developed postpartum 
relapses even after retained the DMT. This may be due to 
the rebound increase in the disease activity after sudden 
cessation of fingolimod [26]. Despite the fingolimod is 
known to be teratogenic, our study showed that only one 
case was associated with a mild fetal abnormality. These 
results were concomitant with a recent study which 
demonstrated that there was no difference between fin-
golimod and interferon-beta as regards the major fetal 
complications [27].

The reported ARR during pregnancy and postpartum 
in our study was lower than that was reported in the pre-
vious studies [7, 9, 12, 13]. This may be due to the recent 
update in the MS diagnostic criteria and the inclusion of 
many milder cases. In previous studies, the inclusion of 
patients was dependent on the presence of two or more 
attacks, but after the 2017 updates of the MS diagnostic 
criteria, many cases with CIS were considered as MS. 
This inclusion of many milder cases resulted in a con-
siderable decrease in the ARR in many previous studies, 
from 0.84 to 0.36 [28, 29]. Our results were comparable 
with the previous Turkish study which revealed the rate 
of relapse decreased during pregnancy,however, it was 
higher in the first trimester than the subsequent two tri-
mesters [30]. On the other hand, our study showed that 
the third trimester was associated with the highest ARR. 

Fig. 1 The pattern of annualized relapsing rate before, during and after pregnancy

Table 5 Regression analysis of factors associated with increase 
the risk of MS relapse

CI confidence interval; DMT disease-modifying therapy; MS multiple sclerosis
a Cox proportional hazards model/ *Level of significance is set when the 
P-value < 0.05
b Reference group no breastfeeding
c Reference group 0–1 relapse in 2 years before pregnancy
d Time-dependent covariate
e Reference group no MS-related disability at pregnancy onset

Hazard ratio (95% CI)a p 
Value*

No breastfeeding 1.0 (ref )

Exclusive  breastfeedingb 0.31 (0.12–0.67) 0.002
Nonexclusive  breastfeedingb 0.59 (0.31–1.16) 0.126

Pre‑pregnancy  relapsesc 2.21 (1.23–3.69) 0.005
Use of DMT before pregnancy by 
1 year

1.46 (0.90–2.38) 0.130

Pregnancy relapse 3.09 (1.68–5.67)  < 0.001
Use of postpartum  DMTd 1.41 (0.71–2.58) 0.340

Age, (years) 0.92 (0.89–0.99) 0.016
Disease duration, (years) 1.12 (0.96–1.23) 0.437

Disabilitye 2.08 (1.72–3.41) 0.002
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Furthermore, this study revealed that the multiple preg-
nancies were associated with higher EDSS score, though, 
none of the patients did not reach score 6. On the other 
hands, the patients with multiple pregnancies in our 
sample were associated with relatively milder form of the 
disease than other patients. This can be logic as younger 
patients develop milder forms of the disease and tend to 
be pregnant more than one time.

The postpartum ARR was lower than what is expected 
in the first three months after delivery. These results 
were concomitant with the previous cohort [16]. This 
may be due to the increased rate of exclusive breast-
feeding in that study. However, the rate of breastfeeding 
in our study was lower than that study. The inclusion 
of milder cases without any disability may also play a 
role in the decreased early postpartum ARR. This indi-
cating that breastfeeding is highly recommended in 
women with active disease, while in women with a rela-
tively milder disease the postpartum ARR is decreased 
regardless the breastfeeding.

Having the effect of MS on pregnancy, the decrease in 
the pregnancy duration after MS development was not 
concomitant with the previous studies [31]. This may 
be due to the fear of obstetric complications which is a 
national problem and wrong conception to the obstetri-
cians due to the lack of health education. This concept 
resulted in the increase of cesarean section rates after 
MS development, even if not indicated. Furthermore, 
the decrease in the rate of breastfeeding after MS devel-
opment may be due to the fear of postpartum rebound 
or the intuition to resume the DMT.

Conclusions
This study highlighted that pregnancy is protective 
from MS relapse, with a significant decrease of ARR 
from the pre-pregnancy period. Postpartum reactiva-
tion of the disease occurs from the third month after 
labor rather than the early postpartum period. Exclu-
sive breastfeeding for at least two months decreased 
the risk of postpartum relapse; however, pre-pregnancy 
and pregnancy relapses in addition to the disabil-
ity were shown to be predictive variables for increase 
the pregnancy and postpartum relapses. DMT has no 
role in decreasing postpartum relapse. Health educa-
tion and consultation should be performed to promote 
pregnancy and exclusive breastfeeding in women with 
MS even if they have advanced disease.
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