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ABSTRACT

Introduction: Pregnancy represents an impor-
tant event for women with multiple sclerosis
(MS) and is often accompanied by post-partum
disease reactivation. To date, the influence of
this reproductive phase on long-term MS out-
comes is still largely unexplored. The objective
of the study was characterise a large real-world

cohort of women with MS to evaluate the
effects of pregnancy and breastfeeding on short-
and long-term clinical and magnetic resonance
imaging (MRI) outcomes while exploring the
relationships with MRI measurements of brain
atrophy.
Methods: MS patients with and without preg-
nancy were recruited. Clinical relapses and MRI
activity of the year before conception versus the
year after delivery were evaluated. Regression
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models were performed to investigate the rela-
tionships between long-term MS outcomes
(EDSS score and MRI brain measurements
obtained by SIENAX software) and pregnancy
and breastfeeding duration.
Results: Two hundred ten women with MS
were enrolled; of them, 129 (61.4%) had at least
one pregnancy. Of all pregnancies (n = 212),
those that occurred after MS onset (90 [42.4%])
were examined to evaluate the short-term out-
comes. A higher annualised relapse rate in the
post-partum year versus the pre-conception
year (0.54 ± 0.84 vs. 0.45 ± 0.71; p = 0.04) was
observed. A regression analysis showed that
clinical activity after delivery was associated
with clinical activity of the year before con-
ception (p = 0.001) as well as duration of
breastfeeding (p = 0.022). Similarly, post-par-
tum MRI activity was associated with pre-con-
ception MRI activity (p = 0.026) and shorter
breastfeeding duration (p = 0.013). Regarding
long-term outcomes, having had at least one
pregnancy during MS was associated with a
lower EDSS score (p = 0.021), while no rela-
tionships were reported with MRI measure-
ments. Conversely, a breastfeeding duration [
6 months was associated with lower white
matter volume (p = 0.008).
Conclusions: Our study underlines the impor-
tance of considering the effects of pregnancy
and breastfeeding on short- and long-term MS
outcomes. In the current therapeutic landscape,
pregnancy planning and treatment optimisa-
tion in the post-partum period, in particular for
women who choose to breastfeed, are funda-
mental for the management of these biological
phases so central in a woman’s life.

Keywords: Multiple sclerosis; Pregnancy; Post-
partum; Breastfeeding; Long-term MS
outcomes; Treatment optimisation

Key Summary Points

Few studies have explored disease
outcomes in women with multiple
sclerosis (MS) who have become pregnant,
and all studies have evaluated short-term
outcomes.

This study aims to evaluate the long-term
clinical and magnetic resonance imaging
(MRI) outcomes of women with MS who
have had pregnancies, also exploring the
possible effects of breastfeeding on the
disease course.

Having had pregnancies during MS was
related to less disability, while lower white
matter volumes were associated with
breastfeeding duration.

Pregnancy planning and treatment
optimisation in the post-partum period
are fundamental for the management of
women with MS.

INTRODUCTION

Pregnancy represents an important event in
many women’s lives. The profound hormonal
changes that accompany this phase often
impact the course of multiple sclerosis (MS).
Many studies to date have focused on this topic.
Studies agree that the physiological immuno-
tolerance induced by pregnancy [1], especially
during the third trimester, has a protective
effect against MS relapses, with the annual
relapse rate (ARR) dropping by 70% [2–6]. These
findings often refer to historical cohorts of
patients not taking disease-modifying therapies
(DMTs) but have been confirmed by a recent
metanalysis of pregnancies of women treated
with currently available DMTs [7]. Special
attention should be given to those patients
treated with highly effective DMTs such as
natalizumab and fingolimod because pregnancy
may not sufficiently protect against MS relapse
after their discontinuation [8–11]. Compared
with the pregnancy period, the post-partum
year shows a rebound of disease activity, espe-
cially during the first 3 months after delivery,
with an increase in relapse risk [6, 7]. Several
risk factors have been linked to post-partum
relapses: higher pre-pregnancy disease activity,
higher Expanded Disability Status Scale (EDSS)
score [12], and an increased relapse rate during
pregnancy [13]. Conversely, a recent study did
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not report a post-partum increase in MS activ-
ity. According to that study [14], the good dis-
ease control offered by currently available DMTs
and meticulous prenatal counselling could
allow most women with MS to experience
pregnancy without post-partum relapses.

The role of breastfeeding in MS activity has
been studied, but consensus is lacking about its
impact on MS course. Most studies to date have
reported a protective effect of breastfeeding
against relapse [15, 16], while others reported
no association [17, 18]; none found a negative
effect of breastfeeding on MS course [19]. Por-
taccio et al. recently published a useful study to
help clinicians manage MS in post-partum
women using patient characteristics as predic-
tors of disease activity reactivation [20].

Notoriously, most studies published on
pregnancy and MS have focused on the preg-
nancy and post-partum periods, assessing only
short-term outcome measures; conversely, the
effect of pregnancy as well as the role of
breastfeeding on long-term clinical and neuro-
radiological disease outcomes remains largely
unexplored.

Based on these considerations, the present
study aimed to characterise a large real-world
cohort of women with MS to evaluate the
effects of pregnancy and breastfeeding on short-
and long-term clinical and magnetic resonance
imaging (MRI) outcomes while also exploring
the relationships with MRI measurements of
brain atrophy.

METHODS

This retrospective observational study included
women with MS diagnosed according to 2017
revised McDonald criteria [21]. For each patient,
demographics (age) and clinical data (disease
course, disease duration, age at MS onset, and
disability level assessed using the EDSS) were
collected [12]. In addition, obstetric history
(number and date of pregnancies), breastfeed-
ing duration in months, and type of breast-
feeding in the first 2 months (exclusive and
non-exclusive) were recorded. Thus, clinical
relapses and MRI activity, defined as new T2
lesions or gadolinium-enhanced lesions during

in the year after childbirth as well as in the year
before conception, and DMT exposure were
recorded. In addition, for each patient, quanti-
tative MRI evaluations were performed and
whole-brain (WB), white matter (WM), and grey
matter (GM) volumes were estimated at the
time of the last neurological assessment.
Informed consent was obtained from all par-
ticipants after local ethics committee approval.
The local ethics committee of ATS Sardegna,
Sassari, approved the study (protocol 206/2020/
EC-18 February 2020).

MRI Acquisition

MRI images previously acquired using the same
protocol at the same site by a 1.5-T Siemens
Magnetom Avanto scanner (Siemens Medical
Solutions, Erlangen, Germany) were processed.
Brain tissue volume was measured using T1-
weighted (T1W) gradient echo images
(MPRAGE) normalised for individual head size
using SIENAX, an accurate, robust, and auto-
mated method of cross-sectional brain volume
analysis [22]. WB, WM, and GM volumes were
then calculated.

Statistical Analysis

All statistical analyses were performed using
SPSS for Mac version 20.0 (SPSS Inc., Chicago,
IL, USA). First, descriptive analysis was per-
formed summarising the demographic, clinical,
and MRI data as means (quantitative variables)
or percentages (qualitative variables). The t-test
was used to compare demographics (age), clin-
ical data (age at MS onset, MS duration, EDSS),
and MRI data (WB, WM, and GM volumes) of
MS patients with and without pregnancy and
categorise the pregnancies in relation to MS
onset (before versus after).

To evaluate the effect of pregnancy on short-
term clinical outcomes, paired samples t-tests
were used to assess differences in number of
relapses pre- versus post-pregnancy defined as
the year before conception and the year after
childbirth as well as differences in EDSS score.
Thus, linear regression models were performed
to explore the determinants of clinical and MRI
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activity in the year after childbirth and control
for MS features before pregnancy, DMT expo-
sure, and the possible relationships with
breastfeeding type (exclusive and non-exclu-
sive) and duration. In addition, a binary
regression analysis was performed to evaluate
whether the choice of breastfeeding was condi-
tioned by MS activity (ARR and MRI activity of
the year before conception) or by exposure to
second-line DMTs.

Finally, multiple regression analyses were
performed to investigate the relationships
between long-term MS outcomes (EDSS score

and MRI measurements of WB, WM, and GM
volumes) with pregnancy and breastfeeding
duration after controlling for other demo-
graphics (age) and clinical variables (disease
duration, clinical course).

For all assays, statistical significance (p) was
set at\ 0.05.

Data Availability

Anonymised data will be shared on request
from any qualified investigator.

RESULTS

The study included 210 women with MS, 194
(92.4%) of whom presented a relapsing course.
Mean age and disease duration were 45.5 ± 10.5
and 14.8 ± 8.2 years, respectively, while mean
EDSS score was 2.2 ± 1.5. As shown in Table 1,
129 (61.4%) women reported previous term
pregnancies, 60 (46.5%) of which were prior to
MS onset, 54 (41.9%) of which were during MS
course, and 15 (11.6%) of which were both
before and after MS onset. Using an indepen-
dent samples t-test, significant differences in
current age (48.4 ± 10.3 vs. 40.9 ± 8.9 years)
and age at MS onset (32.3 ± 9.9 vs. 27.9 ± 9.1
years) were reported between women with and
without pregnancy (p\0.005), respectively,
with mean age (54.1 ± 9.4 vs. 43.4 ± 8.4) and
age at MS onset (39.1 ± 9.2 vs. 26.4 ± 5.9)

Table 1 Demographic and clinical features of MS patients
included in the study

MS patients (210)

Age (mean ± SD) years 45.5 ± 10.5

Age at MS onset 30.7 ± 9.8

MS duration (mean ± SD) 14.8 ± 8.2

Relapsing course 194 (92.4%)

EDSS score 2.2 ± 1.5

Women with pregnancies 129 (61.4%)

Pre-MS onset 60 (46.5%)

During MS 54 (41.9%)

Pre and during MS 15 (11.6%)

Women with no pregnancies 81 (38.6%)

Table 2 Demographic and clinical differences between MS patients with and without previous pregnancy

Pregnancies
Pre MS onset (60)

Pregnancies
During MS (69)

No pregnancy (81)

Age (mean ± SD) years 54.1 ± 9.4** 43.4 ± 8.4* 40.9 ± 8.9

Age at MS onset 39.1 ± 9.2** 26.4 ± 5.9 27.9 ± 9.1

MS duration (mean ± SD) 15.0 ± 7.9 16.9 ± 9.8* 12.9 ± 6.3

EDSS score 2.7 ± 2.1* 1.9 ± 1.3* 2.2 ± 1.6

Follow-up duration 12.6 ± 1.1 10.8 ± 1.3 9.2 ± 1.6

*p\ 0.05; **p\ 0.005
Independent t-test was used to compare demographic and clinical data of MS patients with previous pregnancies (cate-
gorised as pre-MS onset and during MS) vs. MS patients without previous pregnancy
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being higher in the patient group with preg-
nancy before MS onset versus the group with
pregnancy after MS onset (p\ 0.005) (Table 2).
Table 2 also details the follow-up period of each
patient’s cohort.

To evaluate the effect of pregnancy on short-
term MS outcomes, all pregnancies of the
enrolled patients were examined (n = 212), with
particular focus on pregnancies that occurred
after MS onset (90 [42.4%]) (Fig. 1). Of these,
32.2% of the patients received first-line DMTs
during conception (12 with interferon-beta, 16
with glatiramer acetate, 1 with dimethyl fuma-
rate), 8.8% were exposed to second-line DMTs
(5 to natalizumab during MS and 3 to fin-
golimod before conception), while 59%
received no treatments. Of the 90 pregnancies
examined during MS, a clinical relapse during
pregnancy was observed in four patients: two
after natalizumab discontinuation and one after
fingolimod discontinuation. All relapses were
treated with high-dose corticosteroids.

Following these pregnancies, in 45% of cases
patients breastfed for at least 2 months; among
these, 56% breastfed exclusively. As shown in
Table 3, use of the t-test for paired samples
revealed a higher ARR in the post-partum year
compared with the pre-conception year
(0.54 ± 0.84 vs. 0.45 ± 0.71; p = 0.04) but no
difference in EDSS score. Then, a multiple
regression analysis was performed, showing a
significant relationship in number of relapses at
12 months after childbirth (dependent variable)
with clinical activity in the pre-conception year
(p = 0.001) as well as with duration in months
of breastfeeding (p = 0.022), much shorter in
relation to the post-partum clinical activity.

Moreover, higher clinical activity was observed
in relation to second-line DMT exposure pre-
conception or during pregnancy (p = 0.050).
MRI activity in the post-partum year was related
to the pre-conception MRI activity (p = 0.026),
second-line DMT exposure pre-conception or
during pregnancy (p = 0.041), and shorter
breastfeeding duration (p = 0.013) (Table 4). No
relationships of clinical and MRI activity at
12 months after childbirth with exclusive
breastfeeding were reported by regression anal-
ysis (data not shown).

To explore the possible influence of preg-
nancy and breastfeeding on long-term clinical
and MRI outcomes, multiple regression models
were also performed including EDSS score and
MRI measurements obtained at the last neuro-
logical assessment (mean follow-up:
10.7 ± 1.3 years) as dependent variables. A
lower EDSS score was associated with the pres-
ence of at least one pregnancy during MS
(p = 0.021) after the correction for other clinical
variables, disease duration (p = 0.001) and pro-
gressive course (p = 0.001) in particular
(Table 5). Having had multiple pregnancies
during MS was also related to a lower EDSS
(p = 0.020). Conversely, a regression model
showed no relationship between MRI measure-
ments of WB, WM, and GM and pregnancy
(Table 6a), while lower WM volumes were
associated with a breastfeeding duration [

Fig. 1 Number of pregnancies categorised as pre-MS onset
in red (122/212; 57.5%) and during the MS course in blue
(90/212; 42.5%)

Table 3 Effect of pregnancy on short-term clinical out-
comes (number of relapses and EDSS pre and post
pregnancy)

1 year before
conception

1 year after
childbirth

P value

Number of

relapses

(mean ± SD)

0.45 ± 0.71 0.54 ± 0.84 0.04

At conception time After childbirth P value

EDSS 1.36 ± 0.48 1.46 ± 0.78 ns

Bold value indicate the statistically significant data
Paired samples t-tests were used to evaluate differences in
number of relapses and EDSS score pre and post
pregnancy
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6 months (p = 0.008) independent of other
demographic and clinical variables (Table 6b).

Finally, a binary regression analysis was per-
formed to explore factors influencing breast-
feeding, showing that it was not conditioned by
MS activity during the pre-conception year
(ARR and MRI activity), while a relationship
tending toward statistical significance was
observed with exposure to second-line DMTs in

the pre-conception or pregnancy period
(p = 0.07) (data not shown).

DISCUSSION

Pregnancy and the post-partum period repre-
sent important biological events that involve
profound hormonal changes and have potential
effects on MS activity and disease course [7, 23].
Consistently with other studies [7, 13], our
research showed that the post-partum year is a
phase with an increased risk of clinical relapses
and MRI activity, which are conditioned by the
clinical and neuroradiological activity of the
pre-conception year and inversely related to
breastfeeding duration. A recent meta-analysis
of 24 studies that included nearly 3000 women
concluded that breastfeeding is protective
against post-partum relapses in MS. The associ-
ation between breastfeeding and postpartum
relapses appeared stronger in studies of exclu-
sive breastfeeding for 2 months or more com-
pared with studies including any breastfeeding
in the breastfeeding group [19]. Classically,
exclusive breastfeeding is defined as at least
2 months of breastfeeding without regular
replacement of any meal by supplemental

Table 4 Short-term outcomes

B 95% CI for EXP
(B)

P

Lower Upper

Number of relapses, year after childbirth

Relapses, year

before

conception

0.665 0.411 0.918 0.001

Duration of

breastfeeding

(months)

- 0.053 - 0.098 - 0.008 0.022

Second-line

DMD exposure

pre-conception

0.385 0.192 0.214 0.050

MRI activity, year after childbirth

MRI activity,

year before

conception

0.319 0.041 0.598 0.026

Duration of

breastfeeding

- 0.052 - 0.093 - 0.012 0.013

Second-line

DMDs

exposure

preconception

0.321 0.043 0.560 0.031

Bold values indicate the statistically significant data
Regression analysis. Relationships of clinical and MRI
activity in the year after childbirth with the breastfeeding
duration
Multiple linear regression analyses were used to examine
the relationship between the number of relapses and MRI
activity in the year after childbirth with the breastfeeding
duration after controlling for clinical and MRI activity of
the year before conception

Table 5 Long-term outcomes

EDSS score

B 95% CI for EXP
(B)

P

Lower Upper

Disease duration 0.040 0.019 0.060 0.001

Progressive MS 3.181 2.548 3.814 0.001

Pregnancy during

MS

- 0.424 - 0.783 - 0.064 0.021

Bold values indicate the statistically significant data
Multiple regression analysis. Relationships of EDSS score
with MS clinical features and pregnancies during MS
Multiple linear regression analysis was used to examine the
relationship of EDSS score, which was included in the
model as dependent variable, with pregnancy during MS,
while controlling for clinical MS variables (MS course and
disease duration) and years of DMDs exposure
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feeding [19]. With exclusive breastfeeding, an
elevation in prolactin was reported and larger
drops in follicle-stimulating hormone, luteiniz-
ing hormone, progesterone, and estradiol. All
these hormonal changes work together to pro-
duce more prolonged amenorrhea and anovu-
lation, with potentially beneficial
immunological effects [19]. However, exclusive
breastfeeding was observed in 56% of our
breastfeeding women in the first 2 months, with
no effects on clinical and MRI outcomes at
12 months. However, given the retrospective
nature of the study, the data on exclusive
breastfeeding may be fallacious. Less post-par-
tum clinical activity was observed in our sample
in women who breastfed longer; this may not
be attributable to a protective role of lactation
on MS activity but rather to a milder disease
course in these women. In fact, women with
higher MS activity likely had to renounce or
prematurely quit breastfeeding to start DMT.
Thus, breastfeeding duration seems more likely
to be conditioned by MS, resulting it shorter

durations among subjects with clinical or neu-
roradiological reactivation. In addition, even
though we did not identify a relationship
between the choice to forego breastfeeding and
pre-pregnancy MS activity, we observed a rela-
tionship tending toward statistical significance
with exposure to second-line DMTs pre-con-
ception or during pregnancy. Therefore, it is
likely that these women had to give up breast-
feeding to resume second-line DMTs immedi-
ately after delivery. Accordingly, regarding
short-term outcomes, a relationship between
post-partum MS reactivation and pre-concep-
tion second-line DMT exposure was found,
indicating that these women are the most prone
to the risk of disease recurrence. This may be
attributable to the most active form of MS as
well as to disease reactivation linked to the
discontinuation of more effective therapies
[11, 24]. However, given that pre-conception
second-line DMT exposure was observed only in
8.8% of pregnancies, the small sample size
limits the power of this result. Recently, a study

Table 6 Long-term outcomes

(a) Whole brain White matter Grey matter

B P value B P value B P value

Age - 2.069 0.001 Age 0.225 0.472 Age - 2.294 0.001

MS duration - 2.426 0.001 MS duration - 0.850 0.033 MS duration - 1.576 0.002

MS course - 26.672 0.186 MS course - 1.710 0.875 MS course - 24.966 0.077

Pregnancy - 7.161 0.370 Pregnancy - 4.503 0.294 Pregnancy - 2.659 0.632

(b) Whole brain White matter Grey matter

B P value B P value B P value

Age - 2.126 0.001 Age 0.165 0.588 Age - 2.291 0.001

MS duration - 2.263 0.002 MS duration - 0.694 0.073 MS duration - 1.569 0.002

MS course - 28.90 0.151 MS course - 3.651 0.733 MS course - 25.25 0.074

Breastfeeding - 23.28 0.067 Breastfeeding - 17.99 0.008 Breastfeeding - 5.292 0.551

Multiple regression analyses. Relationship of MRI measurements with demographics, clinical features, previous pregnancy,
and duration of breastfeeding
Multiple linear regression analysis was used to examine the relationship between brain volumes (whole brain [WB], white
matter [WM], grey matter [GM]), which were included in the model as dependent variables, previous pregnancy and
breastfeeding duration during MS, while controlling for demographic (sex, age) and clinical variables (MS course and disease
duration)
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performed in MS patients that discontinued
natalizumab for pregnancy-related reasons has
shown that recurrence of disease activity, clini-
cally and/or radiologically, was observed in 95%
of discontinuations, although all patients
showed no or limited disease activity in the year
preceding natalizumab discontinuation [25].
However, of the cases in whom conception
occurred under natalizumab treatment, fewer
relapses and less radiological activity were
observed [25]. Thus, continuation of treatment
until conception may be a preferred strategy to
prevent relapses and MRI activity in women on
natalizumab treatment who want to get preg-
nant. In line with this new evidence, in the last
few years the approach to pregnancy has chan-
ged. The most recent recommendations of the
European Academy of Neurology and European
Committee of Treatment of Research in MS
have better addressed DMT use during concep-
tion and pregnancy [26], especially in light of
new data about drug safety. While the discon-
tinuation of fingolimod until conception is
necessary for safety reasons, treatment with
natalizumab during the first two trimesters of
pregnancy should be considered [27], with
immediate post-partum resumption at the
expense of breastfeeding, despite preliminary
evidence of its safe use during this phase [28].
Other recommendations about more effective
and recently launched DMTs are constantly
evolving, making MS treatment during this
biological reproductive phase increasingly cen-
tred on the patient and her MS characteristics
[29]. However, the long-term effects of preg-
nancy and puerperium on MS are extremely
difficult to measure. A recent intriguing study
by Portaccio et al. evaluated the influence of the
pre-pregnancy period on long-term disability in
MS and observed that the risk of long-term
disability is higher among MS women with
relapses in the pre-conception year [30], rein-
forcing the importance of pregnancy planning
and treatment optimisation during this repro-
ductive phase. Thus, new data on long-term
outcomes are urgently needed to better under-
stand how to best orient therapeutic choices in
the era of new DMTs. In line with some studies
that reported lower disability scores in women
with previous pregnancies compared with

nulliparous women [23, 30], our study focused
on long-term outcomes and showed that having
had at least one pregnancy was associated with
lower EDSS score independent of other factors.
More so, this effect is observed in the case of
multiple pregnancies. However, although preg-
nancy has classically been considered a self-
treatment due to the state of immunotolerance
that it creates, its protective role against long-
term disability progression is difficult to estab-
lish. Conversely, in other words, instead of the
protective effect of pregnancy, women with
more aggressive MS forms may be less willing to
have or be discouraged from having children. A
previous French and Italian cohort study pro-
vided an original description of the evolution of
MS activity after two successive pregnancies in
women with MS, showing similar (and even
lower) disease activity in the second versus first
pregnancy [31]. This could be due to the fact
that, if MS women were generally advised to
consider pregnancy in a quiet period of the
disease, women who experienced a relapse
during a first pregnancy or after delivery may
fear a similar outcome and be discouraged from
considering a second pregnancy. In line with
this, it is likely that women with MS with
multiple pregnancies are also those with milder
MS [31]; assuming that higher disease activity is
related to worse long-term disability, they could
have better long-term clinical outcomes.

Furthermore, it should be highlighted that
pregnancy is a well-circumscribed biological
event in a long history of disease and that our
patients had heterogeneous MS characteristics
and DMT exposures before and after pregnancy,
which complicates our evaluation of outcomes.
Another central point is whether pregnancy in
MS can have a protective effect against brain
damage and, in particular, the evolution of
brain atrophy, increasingly considered the final
expression of MS brain injury. Khalid et al.
previously performed a quantitative MRI anal-
ysis of cerebral lesions and atrophy in post-
partum patients with MS and reported no WB or
cortical atrophy despite increases in destructive
lesions in the immediate post-partum period;
thus, they emphasised the need for longer fol-
low-up durations to verify these findings [32].
Set in this context, our study evaluated long-
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term brain atrophy and found no correlation
among WB, WM, and GM volumes and a his-
tory of pregnancies either before or after MS
onset. Interestingly, however, our study showed
that breastfeeding for [ 6 months was associ-
ated with lower WM volume. This finding draws
attention to the importance of the post-partum
period and the choice of breastfeeding, which
until very recently corresponded to the choice
of postponing DMT use, exposing the woman to
MS reactivation with immediate effects such as
those in the post-partum period or the long
term. These effects can be reversible, such as
clinical relapses and MRI inflammatory activity,
or permanent, such as WM atrophy, likely
attributable to the inflammatory processes that
occur in the post-partum period.

However, today’s therapeutic landscape has
changed; in particular, interferon-beta was
recently approved for use during lactation by
the European Medicines Administration and
the US Food and Drug Administration based on
safety data [33]; new evidence of the safety of
other MS drugs is also on the near horizon.

In addition to the previously discussed limi-
tations mainly related to sample size and
heterogeneity, other limitations require
addressing. As discussed, the patients had dif-
ferent follow-up times, MS characteristics, and
DMT exposures (previous and concomitant).
These aspects may have affected the brain vol-
ume measurements in particular. Moreover, it is
known that cerebral atrophy represents a com-
plex outcome that is related with demograph-
ics, clinical aspects, and MS-unrelated factors
(i.e., comorbidities and lifestyle) [34], which
were not specifically evaluated in this study.
Moreover, the study was performed before the
launch of some DMTs (e.g., B cell depletors,
newer S1P receptor modulators), and this makes
some results less generalisable.

Finally, since this study focused on MS-re-
lated outcomes, foetal risks and outcomes of the
examined pregnancies were not evaluated.

CONCLUSIONS

Our data confirm the previous findings about
MS reactivation risk in the post-partum period,

in particular in relation to the pre-conception
clinical and neuroradiological activity as well as
exposure to second-line DMTs and the possible
effect of DMT discontinuation on MS activity.
These findings reinforce the importance of
adequate counselling and pregnancy planning
to optimise therapeutic choices [35] and the
window of therapeutic opportunity based on
new evidence of DMT safety [34]. In fact, the
therapeutic choices made during the reproduc-
tive biological phases of pregnancy and puer-
perium could affect long-term MS outcomes
even more than pregnancy and prolonged
breastfeeding affect MS-related disability and
brain atrophy.

In this era of new DMTs, new studies are
needed to better understand the short- and
long-term effects of pregnancy and puerperium
in women with MS as well as the best pharma-
cological management of these biological pha-
ses so central in women’s lives.
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