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ARTICLE INFO ABSTRACT

Keywords: Management of multiple sclerosis (MS) presents unique challenges during pregnancy, particularly regarding
Immunotherapy disease-modifying therapies (DMT) and the risk of postpartum relapses. We investigated DMT exposure and
DMT

further clinical and radiological parameters to identify predictors of relapse and disability progression during

gﬁs\hzumab pregnancy and the postpartum year. We identified 112 pregnancies in 70 women with MS followed between

Breastfeeding 2010 and 2023. After excluding pregnancies lasting <22 weeks, 96 pregnancies in 66 women, primarily with
relapsing-remitting MS (RRMS), were included in the analysis. 77 pregnancies (80.2 %) developed during DMT
exposure, with natalizumab, injectables, and fumarates being the most common. Relapse during pregnancy or
the postpartum year occurred in 33 pregnancies, with 39.5 % happening during pregnancy and 60.5 % in the
postpartum year, peaking in the first postpartum trimester. Women with pregnancies complicated by relapses
during pregnancy or the postpartum year had lower rates of DMT exposure (66.7 % vs. 87.3 %, p = 0.016) and a
non-significant trend toward higher baseline disability at conception. Disability progression within the first
postpartum year was more frequent in the relapse group (25.8 % vs. 5.5 %, p = 0.010), with sustained differences
in EDSS at two years postpartum. Postpartum MRI showed higher lesion load and more contrast-enhancing le-
sions in the relapse group. Spinal lesions at diagnosis and prior to conception were associated with significant
higher risk of relapse during pregnancy and the postpartum year. Subgroup analysis of pregnant women treated
with natalizumab indicated a lower relapse risk when natalizumab was continued into the third trimester.
Pregnancy outcomes were mostly favorable, with 95.4 % term births and no significant differences in delivery
mode or neonatal outcomes between women with versus without relapses during pregnancy.

Our findings emphasize the importance of DMT management, particularly the potential benefits of sustained
natalizumab therapy for high-risk pregnancies. These results highlight the need for tailored treatment strategies
to minimize postpartum relapses and long-term disability progression for women with MS.

MRI Magnetic resonance imaging

PIRA Progression independent of relapse activity
Abbreviations PPMS  Primary-progressive multiple sclerosis
ARR Annualized relapse rate RAW Relapse associated worsening
CIs Clinically isolated syndrome RRMS  Relapsing-remitting multiple sclerosis
CSF Cerebrospinal fluid SD Standard deviation
DMT Disease-modifying therapy SPMS Secondary-progressive multiple sclerosis
EDSS Expanded disability status scale
LMP Last menstrual period
MS Multiple sclerosis
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1. Introduction

Multiple sclerosis (MS) is the most common autoimmune disorder of
the central nervous system (Walton et al., 2020). Women are more
commonly affected than men, with diagnosis typically occurring during
childbearing years. While fertility appears unaffected, live birth rates in
women with MS are reduced (Houtchens, M.K. et al., 2020; Kopp et al.,
2022). Reduced inflammatory activity during pregnancy may provide a
protective effect (Confavreux et al., 1998; Langer-Gould et al., 2020).
Pregnancy-induced immunological changes, including a shift toward an
anti-inflammatory profile, have been proposed but remain incompletely
understood (Sondergaard et al., 2020; Wisgalla et al., 2022). Postpartum
rebound disease activity is common and poses a significant clinical
challenge (Confavreux et al., 1998; Hellwig et al., 2009). Relapse rates
during pregnancy and the postpartum year vary widely (14-66 %),
peaking in the first three months postpartum (Confavreux et al., 1998;
Hellwig et al., 2009, 2022, 2023). High disease activity before concep-
tion, younger age and withdrawal of treatment with natalizumab or
fingolimod before or when conceiving pregnancy have been defined as
independent risk factors for relapse during pregnancy (Bsteh et al.,
2020; Yeh et al., 2024, 2021). Additionally, a higher preconception and
intrapartum annualized relapse rate (ARR) and an Expanded Disability
Status Scale (EDSS) score > 2 are strong predictors of postpartum re-
lapses (Yeh et al., 2021). Even in women without clinical relapses,
postpartum MRI studies detected new lesions in up to 37 % of cases
within the first postpartum year compared to the last MRI in the
pre-pregnancy year (Anderson et al., 2021; Houtchens, M. et al., 2020).
Relapses with incomplete recovery contribute to disease-associated
disability, with relapse-associated worsening (RAW) reported in 6-10
% of pregnancies (Hellwig et al., 2022, 2023; Yeh et al., 2021). Given the
significant impact of pregnancy and the postpartum period on disease
activity, strategies to mitigate early postpartum relapses are crucial. For
women with MS, general breastfeeding recommendations align with
those for the general population. Importantly, exclusive breastfeeding
has been associated with a reduced risk of early postpartum relapses,
potentially serving as an additional protective factor during this
high-risk period (Krysko et al., 2020; Langer-Gould et al., 2020; Yeh
et al., 2021).

Over the past two decades, advances in disease-modifying therapies
(DMT) have significantly improved the management of relapses in MS.
However, most DMT, apart from interferons and glatiramer acetate,
remain contraindicated during pregnancy and lactation due to insuffi-
cient data on fetal and neonatal safety from controlled, randomized
studies. The limited efficacy of approved treatments and the lack of
robust clinical guidelines make management particularly challenging
for women with highly active MS, especially in light of the risk of
rebound disease activity after the withdrawal of potent DMTs like fin-
golimod and natalizumab (Hellwig et al., 2022, 202.3). This often results
in treatment inertia during pregnancy, leaving both maternal and fetal
health at risk (Saposnik et al., 2022).

Current treatment strategies for managing MS during pregnancy are
largely shaped by clinical experience, resulting in considerable vari-
ability across centers and countries (Graber et al., 2024; Hemmer, et al.
2023; Krysko et al., 2023; Vukusic et al., 2023). This highlights the need
for robust, systematic research to optimize approaches that balance
effective disease control with the safety of both mother and child. The
present study aims to fill critical gaps by investigating pregnancy out-
comes and disease activity in women with MS treated at a tertiary care
center. Specifically, it focuses on identifying predictors of relapse during
pregnancy and the postpartum period, with particular emphasis on DMT
exposure, and provides valuable insights into treatment strategies and
contribute to a better understanding of the efficacy and safety profile of
DMTs during pregnancy and lactation. By identifying relapse predictors
and characterizing disease activity, the results have the potential to
guide clinical decision making, reduce relapse-associated disability, and
ultimately improve care for women with MS during and after pregnancy.
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2. Methods
2.1. Study population

Pregnant women with MS according to the 2017 revised McDonald
criteria or clinically isolated syndrome (CIS) were identified by
screening longitudinal data collected during routine clinical visits in the
Neuroimmunology outpatient clinic of the Department of Neurology,
University Hospital Zurich, between 2010 and 2023. This study was
approved by the Ethics Board of the Canton of Zurich (KEK-ZH—Nr.
2024-00239). Inclusion criteria were available follow-up data starting at
least during the first trimester of pregnancy, with a minimum post-
partum follow-up of 2 months. Further analysis of clinical and radio-
logical disease activity during pregnancy and the postpartum period was
performed on pregnancies with a minimum duration of 22 gestational
weeks (Fig. 1).

2.2. Variables

Data collected during routine follow-up visits included clinical as-
sessments, imaging data (MRI), laboratory parameters (blood and ce-
rebrospinal fluid [CSF]), smoking history, and treatment-related data.
Exposure to DMT was defined as follows: administration of interferons,
glatiramer acetate or fumarates during pregnancy; fingolimod intake
within 2 months prior to conception; natalizumab infusion within 3
months prior to conception; and alemtuzumab or CD20-depleting agent
infusion within 4 months prior to conception. Exclusive breastfeeding
was defined as breastfeeding for at least 2 months without the addition
of regular formula.

2.3. Outcomes

Relapses were defined as the occurrence of a new neurological
symptom or sign or the worsening of a preexisting symptom or sign,
lasting at least 24 h, and occurring at least one month after the previous
relapse (Thompson et al., 2018). Annualized relapse rates (ARR) were
calculated for each trimester by dividing the number of relapses by the
time period (in years) and the total number of pregnancies during that
period for the pre-pregnancy year, the duration of pregnancy and the
postpartum year. The first pregnancy trimester was defined as the time
from the last menstrual period (LMP) up to 97 days, the second preg-
nancy trimester from day 98 to 194, and the third pregnancy trimester
from day 195 to delivery (Pettker et al., 2017).

EDSS scores were recorded at several time points: at conception (up
to 3 months before), at delivery (+ 3 months), in the early postpartum
period (3 - 6 months postpartum), and at 1 and 2 years postpartum (each

Data records, Neuroimmunology section, University Hospital
Zurich 01.01.2010 — 31.10.2023

N=112 (in 70 women)

Multiple Sclerosis (revised McDonald criteria 2017)
Pregnancy

« follow-up starting latest during 1st pregnancy trimester until
at least 2 months postpartum

Inclusion criteria:

Exclusion criteria N=16
Pregnancy duration < 22
gestational weeks

« 14 1sttrimester miscarriages
» 2 abortions

Included pregnancies: N=96 (in 66 women)

Fig. 1. Flowchart of patient selection with inclusion and exclusion criteria.
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Table 1
Demographic and clinical characteristics.
All, N = 96 (100.0) Relapse, N = 33 (34.4) No relapse, N = 63 (65.6) p value

MS subtype 0.049
RRMS, n ( %) 87 (90.6) 28 (84.8) 59 (93.7)

SPMS, n ( %) 7 (7.3) 5(15.2) 2(3.2)
CIS, n (%) 2(2.1) 0(0.0) 2(3.2)

Age at conception (y), mean (SD) 32.39 (3.8) 32.06 (3.9) 32.52 (3.8) 0.572

Disease duration at conception (y), median (IQR) 5.25 (0;18) 6.00 (0;18) 5.00 (0.2;13.8) 0.434

Any relapse in year before pregnancy ( %) 28 (29.2) 10 (30.3) 18 (28.6) 0.859

No° of relapse in 1 year pre-pregnancy, mean (SD) 0.36 (0.6) 0.39 (0.7) 0.35 (0.6) 0.782

No° of relapse in 2 years pre-pregnancy, mean (SD) 0.66 (0.9) 0.70 (0.9) 0.63 (0.9) 0.756
0, n (%) 53 (55.2) 18 (54.5) 35 (55.6) 0.589
1,n (%) 30 (31.3) 9(27.3) 21 (33.3)
>2,1n (%) 13 (13.5) 6(18.2) 7 (11.1)

Symptoms at conception 0.107
Visual, n ( %) 6 (6.3) 0(0.0) 6 (9.5)

Sensory, n ( %) 20 (20.8) 4 (12.1) 16 (25.4)
Motor, n ( %) 2(2.1) 1(3.0) 1(1.6)
Brain stem, n ( %) 2(2.1) 0 (0.0) 2(3.2)
Urinary, n ( %) 1(1.0) 0 (0.0) 1(1.6)
Multiple, n ( %) 26 (27.1) 13 (39.4) 13 (20.6)
None, n ( %) 39 (40.6) 15 (45.5) 24 (38.1)

Fatigue at conception 0.814
Yes, n (%) 32 (36.8) 11 (39.3) 21 (35.6)

No, n ( %) 55 (63.2) 17 (60.7) 38 (64.4)
Information missing, n ( %) 9(9.9) 5(15.2) 4 (6.3)

EDSS at conception, median (IQR) 1(0;4) 1.5 (0;4) 1 (0;3.5) 0.165
No disability (0-2) 80 (83.3) 25 (75.8) 55 (87.3) 0.219
Mild disability (2.5 - 3.5) 15 (15.6) 7 (21.2) 8 (12.7)

Ambulatory impairment, no assist device (4.0 - 5.5) 1(1.0) 1(3.0) 0 (0.0)
Cane required (6.0-6.5) 0 (0.0) 0 (0.0) 0 (0.0)
Wheelchair required (> 7.0) 0 (0.0) 0 (0.0) 0(0.0)

Last DMT before conception: 0.426
None, n ( %) 11 (11.5) 5(15.2) 6 (9.5)

Injectables, n ( %) 26 (27.1) 8(24.2) 18 (28.6)
Fumarates, n ( %) 23 (24.0) 7 (21.2) 16 (25.4)
Alemtuzumab, n ( %) 1(1.0) 1(3.0) 0 (0.0)
Fingolimod, n ( %) 1(1.0) 1(3.0) 0 (0.0)
Natalizumab, n ( %) 27 (28.1) 10 (30.3) 17 (27.0)
B cell depleting therapy, n ( %) 7 (7.3) 1(3.0) 6 (9.5)

Periconceptional DMT exposure 0.016
Exposed, n ( %) 77 (80.2) 22 (66.7) 55 (87.3)

Unexposed, n ( %) 19 (19.8) 11 (33.3) 8 (12.7)

Breastfeeding 0.532
Exclusively, n ( %) 75 (85.2) 26 (89.7) 49 (83.1)

No breastfeeding, n ( %) 13 (14.8) 3(10.3) 10 (17.0)
Information missing, n ( %) 8(8.3) 4(12.1) 4 (6.3)
Duration of breastfeeding (m), median (IQR) 4 (2;18) 4 (2;15) 4 (2;18) 0.249

Abbreviations: MS = multiple sclerosis; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary progressive multiple sclerosis; CIS = clinically isolated

syndrome; SD = standard deviation; IQR = interquartile range;.

EDSS = expanded disability status scale; symptoms incl. fatigue and EDSS score were assessed at conception (< 3 months before); DMT = disease modifying therapy.

4+ 3 months).

Disability progression within the first postpartum year was assessed
using the standard definition of a worsening of at least 1.5 EDSS points
for baseline EDSS = 0, at least 1 point for baseline EDSS between 1.0 and
5.5, and at least 0.5 points for baseline EDSS > 6.0.

MRI data were collected at diagnosis, in the time period of concep-
tion (up to 3 months before) and postpartum (within 6 months after
delivery). An experienced neuroradiologist (N.N.) performed a retro-
spective MRI analysis, including lesion load evaluation. Additional
outcome parameters were infections during pregnancy, delivery mode
and gestational age. Preterm birth was defined as birth that occurred
before completion of 37 weeks of gestation.

2.4. Statistical analyses

Statistical analyses were conducted with IBM SPSS Statistics version
29.0.0.0, with a two-sided significance level of alpha = 0.05. Descriptive
statistics are presented as mean (standard deviation, SD) or median

(range) for continuous variables, and as number (percent) for categori-
cal variables. Complete case analysis was utilized to handle missing
data. For comparisons of normally distributed continuous variables, a
two-sample t-test was used. For variables with a non-normal distribu-
tion, the Mann-Whitney U test (Wilcoxon rank-sum test) was employed.
The Pearson chi-square (or exact chi-square) test was applied to binary
or categorical variables to compare clinical, radiological, and serological
parameters between pregnancies complicated by relapses and those
which were not.

3. Results
3.1. Demographic and clinical characteristics

We identified 112 pregnancies in 70 women with MS. After
excluding pregnancies with a duration of <22 weeks, 96 pregnancies in
66 women were included in the analysis, with a mean age of 32.4 (+3.8)
years at conception. Demographic and clinical characteristics for these
96 pregnancies, categorized by the occurrence of a relapse during
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Fig. 2. Annualized relapse rate throughout the pre-pregnancy year (light grey),
pregnancy (medium grey), and the postpartum year (dark grey). trim.
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pregnancy or the postpartum year, are presented in Table 1. Most
pregnancies (87/96, 90.6 %) occurred in women with relapsing-
remitting multiple sclerosis (RRMS), while seven pregnancies occurred
in women with a secondary-progressive subtype (SPMS), and two
pregnancies in women with clinically isolated syndrome (CIS).

The median disease duration until conception was 5.25 years (range
0; 18), and the median EDSS score at conception was 1.0 (range 0; 4). In
39 pregnancies (40.6 %), women were considered free of neurological
symptoms around the period of conception. Approximately one-quarter
(26/96, 27.1 %) of women had multiple symptoms, 20.8 % (n = 20)
exclusively had sensory deficits, and 6.3 % (n = 6) had visual symptoms.
Two women (2.1 %) had either only motor or brainstem symptoms, and
one woman only urinary symptoms. Additional fatigue was reported in
36.8 % (n = 32) of cases. Most pregnancies occurred in non-smokers
(62.5 %), while 26 pregnancies were in women who had quit smoking
at least one year before conception, and 10 pregnancies were in active
smokers at conception.

Seventy-seven pregnancies (80.2 %) were considered exposed to
DMT. Eleven pregnancies (11.5 %) occurred in women who had been
without DMT for at least 1 year prior to conception.

27 pregnant women (28.1 %) were on natalizumab therapy at
conception or within the year before; in 26 pregnancies each (27.1 %),
interferon beta or glatiramer acetate was used; and in 23 pregnancies
(24.0 %), fumarates were taken. Seven pregnancies (7.3 %) were
exposed to a B cell-depleting drug, one to alemtuzumab, and one to
fingolimod prior to conception.

Six women continued DMT into the third trimester, with five women
receiving natalizumab in extended infusion intervals of 8 weeks until the
30th to 34th gestational week due to high disease activity, and one
woman continued glatiramer acetate until the beginning of the third
trimester.

3.2. Clinical and radiological disease activity during pregnancy and the
postpartum period

In 33 of 96 pregnancies (34.4 %), at least one relapse occurred during
pregnancy or the postpartum year. Relapses were observed in 16 preg-
nancies (16.7 %) during pregnancy and in 24 pregnancies (25.0 %)
within the first postpartum year, with 7 pregnancies (7.3 %) affected in
both periods. Of the 43 total relapses, 17 (39.5 %) occurred during
pregnancy and 26 (60.5 %) during the postpartum year. In cases of
relapse, women primarily presented with sensory deficits (21/43, 48.8
%), multiple clinical symptoms (9/43, 20.9 %) and visual symptoms (7/
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43, 16.3 %). A relapse with motor deficits occurred in 4 (9.3 %) cases, a
relapse with ocular motor disorder in 2 cases (4.7 %).

Annualized relapse rates (ARR) per trimester of the pre-pregnancy
year, the duration of pregnancy, and the postpartum year revealed a
decrease during pregnancy and an increase during the postpartum year,
with a peak in the first trimester postpartum (14/43 relapses) (Fig. 2).

When comparing clinical characteristics of pregnancies with a
relapse during pregnancy or the first postpartum year to those without
any relapse, the relapse group was less frequently exposed to DMT than
the non-relapse group (66.7 % vs. 87.3 %, p = 0.016). There was a non-
significant trend toward a higher median EDSS at conception in the
relapse group. No significant difference in the frequency of relapse
during the year or 2 years prior to pregnancy was found between the
groups (Table 1).

Disability progression within the first year postpartum was observed
in 8/33 (25.8 %) women who had a relapse during pregnancy or the
postpartum year, compared to 3/63 (5.5 %) in the non-relapse group
(Table 2). The median EDSS at 1 year postpartum was 2.0 in the relapse
group and 1.0 in the non-relapse group (p < 0.001). At 2 years post-
partum, the median EDSS in the relapse group was 1.75, while it
remained 1.0 in the non-relapse group (p = 0.007, Fig. 3). DMT was
resumed in most women within the first 6 months postpartum (69.3 %),
17.6 % resumed DMT within the first month postpartum.

In the CSF examined at MS diagnosis, no significant differences be-
tween the relapse and the non-relapse group were observed regarding
cell count, barrier dysfunction, or specific oligoclonal bands (Table 3).
When analyzing MRI activity, the prevalence of spinal lesions at diag-
nosis of MS and prior to conception was significantly higher in the
relapse group (p = 0.032, p = 0.046). In the first postpartum MRI (within
6 months after delivery), women in the relapse group showed a signif-
icantly higher total lesion load (p = 0.034) and a higher number of new
contrast-enhancing lesions (p < 0.001). In 27/33 (84.4 %) pregnancies
in the relapse group, at least 10 demyelinating lesions were detected on
cerebral MRI postpartum compared to 65.6 % before pregnancy. In 52.8
% of women (n = 48), new lesions were detected on the first cerebral
MRI within 6 months postpartum. While new lesions were found in 77.4
% (n = 24) of the relapse group, 40 % of patients in the non-relapse
group also had new lesions (n = 24). The number of infratentorial and
spinal lesions remained largely stable in both groups throughout preg-
nancy (Table 3). In 30 out of 96 (31.3 %) pregnancies the criteria of no
evidence of disease activity (NEDA-3) (Lu et al., 2018) were met.

3.3. Natalizumab subgroup analysis

27 women were on natalizumab therapy before or at conception. In 3
of 27 women (11.1 %), natalizumab therapy had been administered last
within 3 months prior to conception, in 19 of 27 women (70.4 %) during
the first trimester, and in 5 of 27 women (18.5 %), treatment was
continued until the third trimester (until the 30th up to 34th gestational
week) for high disease activity. A relapse during pregnancy or the
postpartum year occurred in 10 of 27 women (37.0 %). Of the 22
pregnancies where natalizumab was discontinued shortly before
conception or within the first trimester, 9 (40.9 %) experienced a
relapse. In the 5 women who continued natalizumab until the third
trimester, only a single patient (20.0 %) was affected by 3 relapses: one
in the second pregnancy trimester, one in the first postpartum trimester,
and one in the second postpartum trimester.

3.4. Pregnancy outcome

A total of 112 pregnancies in 70 women resulted in 96 pregnancies in
66 women with a minimum duration of 22 gestational weeks ending in
95 live births. Eleven women had 14 first-trimester miscarriages, and
three women had 2 first-trimester miscarriages. Two women had an
abortion, one due to an undesired pregnancy in the first trimester, and
one after the diagnosis of trisomy 18 at 21 weeks gestation. One
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Table 2
Clinical disease activity during pregnancy and the postpartum period.
All, N = 96 (100.0) Relapse, N = 33 (34.4) No relapse, N = 63 (65.6) p value

DMT restart postpartum 0.206
< 4 weeks, n ( %) 16 (17.6) 6 (19.4) 10 (16.7)

4 weeks - 3 months, n ( %) 19 (20.9) 10 (32.3) 9 (15.0)
3-6 months, n ( %) 28 (30.8) 9 (29.0) 19 (31.7)
6-12 months, n ( %) 15 (16.5) 2 (6.5) 13 (21.7)
>12 months, n ( %) 13 (14.3) 4(12.9) 9 (15.0)
Information missing, n ( %) 5(5.2) 2(6.1) 3 (4.8)

Disability progression (within 1 year postpartum) 0.010
Yes, n (%) 11 (12.8) 8(25.8) 3(5.5)

No, n (%) 75 (87.2) 23 (74.2) 52 (94.5)
Information missing, n ( %) 10 (10.4) 2(6.1) 8 (12.7)

EDSS at delivery, median (IQR) 1.00 (0;4) 1.50 (0;4) 1.00 (0;3) 0.042
No disability (0-2) 76 (81.7) 23 (69.7) 53 (88.3) 0.042
Mild disability (2.5 - 3.5) 16 (17.2) 9 (27.3) 7 (11.7)

Ambulatory impairment, no assist device (4.0 - 5.5) 1(1.D 1(3.0) 0 (0.0)
Cane required (6.0-6.5) 0 (0.0) 0 (0.0) 0 (0.0)
Wheelchair required (> 7.0) 0 (0.0) 0 (0.0) 0 (0.0)
Information missing, n ( %) 3(@3.1) 0 (0.0) 3(4.8)

EDSS early postpartum, median (IQR) 1.00 (0;4) 2.00 (0;4) 1.00 (0;4) 0.002
No disability (0-2) 76 (80.9) 21 (63.6) 55 (90.2) 0.002
Mild disability (2.5 - 3.5) 16 (17.0) 10 (30.3) 6 (9.8)

Ambulatory impairment, no assist device (4.0 - 5.5) 2(2.1) 2(6.1) 0 (0.0)
Cane required (6.0-6.5) 0 (0.0) 0 (0.0) 0 (0.0)
Wheelchair required (> 7.0) 0 (0.0) 0 (0.0) 0 (0.0)
Information missing, n ( %) 2(2.1) 0 (0.0) 2(3.2)

EDSS 1 year postpartum, median (IQR) 1.00 (0;4) 2 (0;4) 1.00 (0;3) < 0.001
No disability (0-2) 65 (77.4) 18 (58.1) 47 (88.7) 0.002
Mild disability (2.5 - 3.5) 17 (20.2) 11 (35.5) 6 (11.3)

Ambulatory impairment, no assist device (4.0 - 5.5) 2 (2.4 2 (6.5) 0 (0.0)
Cane required (6.0-6.5) 0 (0.0) 0 (0.0) 0 (0.0)
Wheelchair required (> 7.0) 0 (0.0) 0 (0.0) 0 (0.0)

Information missing, n ( %) 12 (12.5) 2(6.1) 10 (15.9)

EDSS 2 year postpartum, median (IQR) 1.50 (0;6) 1.75 (0;4) 1.00 (0;6) 0.007
No disability (0-2) 54 (78.3) 17 (60.7) 37 (90.2) 0.003
Mild disability (2.5 - 3.5) 12 (17.4) 9 (32.1) 3(7.3)

Ambulatory impairment, no assist device (4.0 - 5.5) 2 (2.9 2(7.1) 0 (00.0)
Cane required (6.0-6.5) 1(1.4) 0 (0.0) 124
Wheelchair required (> 7.0) 0 (0.0) 0 (0.0) 0 (0.0)
Information missing, n ( %) 27 (28.1) 5(15.2) 22 (34.9)

Abbreviations: DMT = disease modifying therapy; EDSS = expanded disability status scale; IQR = interquartile range.
EDSS scores were obtained at delivery (+ 3 months), in the early postpartum period (3 - 6 months postpartum), and at 1 and 2 years postpartum (each + 3 months).

newborn died due to birth at a non-viable gestational age, with a
palliative care approach.

Pregnancy outcomes for those with a minimum gestational duration
of 22 weeks are shown in Table 4. The delivery time point was recorded
for 87 pregnancies: 83 (95.4 %) pregnancies ended at term, while four
(4.6 %) were preterm. The delivery mode was known for 55 pregnancies:
35 (63.6 %) pregnancies resulted in spontaneous delivery, 16 (29.1 %)

EDSS at delivery

EDSS 1y postpartum

in elective Cesarean section and 4 (7.3 %) in emergency C-section. There
was no significant difference in delivery timepoint, mode, or the
occurrence of infections during pregnancy when comparing pregnancies
with relapse activity (N = 16, 16.7 %) to pregnancies without relapse
activity (N = 80, 83.3 %). Most newborns were exclusively breastfed
(85.2 %, n = 75) for a median duration of 4 months (range 2; 18), while
14.8 % were either partially or not breastfed (Table 1). Comparing the

EDSS 2 y postpartum

61 6 6
p=0.042 p <0.001 p=0.007
4 A 4- AA 4 AA
A AAAA AAAA °
AAA - - AA o
AAAAA - AAA - A Ak
2 -un 2 amn 24 AAA «ne
K. 7
Relapse No Relapse Relapse No Relapse Relapse No Relapse

Fig. 3. EDSS throughout the postpartum period. Each dot represents one pregnant woman. Bars represent the median; error bars indicate 95 % confidence intervals.
Mann-Whitney U test was performed to compare EDSS values between the group with and without relapse activity during pregnancy and the postpartum year. y =

years; EDSS = expanded disability status scale.
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Table 3
Serological and radiological parameters.

Table 3 (continued)

All, N = Relapse, N = Norelapse, N p
All, N = Relapse, N=  Norelapse, N p 96 (100.0) 33 (34.4) =63 (65.6) value
96 (100.0) 33 (34.4) =63 (65.6) value New contrast <
CSF enhancing lesions 0.001
Pleocytosis at 51(60.7) 17 (63.0) 34 (59.6) 0.771 Absent, n (%) 55(67.9)  12(41.4) 43 (82.7)
diagnosis, n ( %) Present, n ( %) 26 (32.1) 17 (58.6) 9 (17.3)
Cell count, 11.50 16.00 (1;99)  9.00 (2;99) 0.116 Information 15 (15.6) 4 (12.1) 11 (17.5)
median (IQR) (1;99) missing, n ( %)
Information 12 (12.5) 6 (18.2) 6 (9.5) Infratentorial 0.242
missing, n ( %) lesions
Barrier dysfunction, 4 (4.6) 2(7.1) 2(3.3) 0.591 Absent, n ( %) 24 (26.1) 6 (18.8) 18 (30.0)
n (%) Present, n ( %) 68 (73.9) 26 (81.3) 42 (70.0)
Information 9(9.4) 5(15.2) 4(6.3) Information 4(4.2) 13.0) 3(4.8)
missing, n ( %) missing, n ( %)
Specific oligoclonal 89 (95.7) 32 (97.0) 57 (95.0) 0.645 Spinal lesions 0.555
bands, n ( %) Absent, n ( %) 15 (18.3) 4(13.3) 11 (21.2)
Information 3@3.1) 0 (0.0) 3(4.8) Present, n ( %) 67 (81.7) 26 (86.7) 41 (78.8)
missing, n ( %) Information 14 (14.6) 309.1) 11 (17.5)
MRI at diagnosis missing, n ( %)
Nu;;ei(zf;:wm 14 (14.6) 300.1) 11 (17.5) 0-403 Abbreviations: CSF = cerebrospinal fluid; MRI = magnetic resonance imaging.
4-9,n(%) 31 (32.3) 13 (39.4) 18 (28.6)
> 10, n (%) 51 (53.1) 17 (51.5) 34 (54.0)
Contrast enhancing 0.935 Table 4
lesions Pregnancy outcome.
Absent, n ( %) 36 (41.4) 11 (40.7) 25 (41.7) X
Present, n (%) 51(58.6) 16 (59.3) 35 (58.3) ALLN= Relapse during  No relapse p
Information 9(9.4) 6 (18.2) 3(4.8) 96 pregnancy, N=  during value
missing, n ( %) (100.0) 16 (16.7) pregnancy, N =
Infratentorial 0.868 80 (83.3)
lesions Delivery mode 0.433
Absent, n ( %) 36 (37.5) 12 (36.4) 24 (38.1) Spontaneous,n ( 35 (63.6) 7 (77.8) 28 (60.9)
Present, n ( %) 60 (62.5) 21 (63.6) 39 (61.9) %)
Spinal lesions 0.032 Elective C- 16 (29.1) 1(11.1) 15 (32.6)
Absent, n ( %) 24 (25.3) 4(12.1) 20 (32.3) section, n ( %)
Present, n ( %) 71 (74.7) 29 (87.9) 42 (67.7) Emergency C- 4(7.3) 1(11.1) 3 (6.5)
Information 1(1.0) 0 (0.0) 1(1.6) section, n ( %)
missing, n ( %) Information 41(42.7)  7(43.8) 34 (42.5)
MRI at conception missing, n ( %)
Number of lesions 0.621 Preterm 0.104
<3,n(%) 3(8.2) 0 (0.0) 3(4.8) Yes, n (%) 4 (4.6) 2 (15.4) 2(2.7)
4-9,n (%) 33(34.7) 11 (34.4) 22 (34.9) No, n ( %) 83 (95.4) 11 (84.6) 72 (97.3)
>10,n (%) 59 (62.1) 21 (65.6) 38 (60.3) Information 9(9.4) 3(18.8) 6 (7.5)
Information 1(1.0) 1(3.0) 0 (0.0) missing, n ( %)
missing, n ( %) Infections during 0.583
Contrast enhancing 0.551 pregnancy
lesions Yes, n ( %) 6 (7.4) 2(14.3) 4 (6.0)
Absent, n ( %) 73 (80.2) 23 (76.7) 50 (82.0) No, n ( %) 75(92.6) 12 (85.7) 63 (94.0)
Present, n (%) 18 (19.8) 7 (23.3) 11 (18.0) Information 15(15.6) 2 (12.5) 13 (16.3)
Information 5(5.2) 3(9.1) 2(3.2) missing, n ( %)
missing, n ( %)
Infratentorial 0.201 Abbreviations: C-section = cesarean section.
lesions
Absent, n (%) 22(23.4 50156 17.(27.4) relapse and non-relapse group there was a non-significant trend toward
Present, n ( %) 72 (76.6) 27 (84.4) 45 (72.6) . . . .
Information 221 13.0) 1016 a higher proportion of women who breastfed exclusively in the relapse
missing, n ( %) group (89.7 % vs. 83.1 %).
Spinal lesions 0.046
Absent, n (%) 23(25.6)  4(12.9) 19 (32.2) 4. Discussion
Present, n ( %) 67 (74.4) 27 (87.1) 40 (67.8)
Information 6(6.3) 2(6.1) 4(6.3) . . .
missing, n ( %) Management of women with MS during pregnancy and breastfeeding
MRI postpartum presents a unique clinical challenge, as therapeutic decisions must
Number of lesions 0.034 carefully balance the need for effective disease control with the risks
<3,n(%) 565) 00.0 5@5) associated with drug exposure for the fetus and newborn. While the
4-9,n(%) 24 (26.4) 5(15.6) 19 (32.2) . . . .
> 10,1 (%) 62 (68.1) 27 (84.4) 35 (59.3) emergence of several DMT, including highly effective drugs, over the
Information 5 (5.2) 1(3.0) 4(6.3) last 2 decades has greatly helped to reduce inflammatory activity and
missing, n ( %) clinical relapses, the administration of these drugs during pregnancy and
N‘;mPer of new ;001 breastfeeding has not been systematically investigated. Whereas official
esions . O . B .
1-3,0(%) 33 (36.3) 10 (32.3) 23 (38.3) drgg l.abels are Ver.y restrictive, seraral natl.onal and international
4-9,n (%) 15(16.5) 14 (45.2) 10.7) guidelines propose different therapeutic strategies (Graber et al., 2024;
Information 5(5.2) 2 (6.1) 3(4.8) Hemmer, et al. 2023; Krysko et al., 2023; Vukusic et al., 2023).

missing, n ( %)

With occurrence of a relapse during pregnancy and the postpartum
year in 34.4 % of pregnancies, our data support findings from historical
and contemporary cohorts after 2010 (Anderson et al., 2021; Vukusic
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et al., 2004), showing that relapse during pregnancy and the postpartum
year occurred in a significant proportion of cases. In this contemporary
patient cohort managed according to current standards of care, we
confirmed a decrease in clinical disease activity during pregnancy, fol-
lowed by a rapid increase in disease activity with a peak in the first 3
months postpartum (Anderson et al., 2021; Confavreux et al., 1998; Yeh
et al., 2021). The significantly higher proportion of disability progres-
sion within 1 year (25.8 %) in the relapse group, along with higher EDSS
scores up to 2 years postpartum, emphasizes the long-term impact of
relapses on disability progression in women with MS, despite a return to
pre-pregnancy relapse rates in the first postpartum year (Langer-Gould
et al., 2020). Additionally, while relapse-associated disability progres-
sion is well-documented, it is important to consider progression inde-
pendent of relapse activity (PIRA) as a potential contributor to disability
worsening (Kappos et al., 2020). Thus, disability progression in the
postpartum period may be driven by both relapse-associated worsening
(RAW) and PIRA, with each factor potentially exacerbating the other.
This highlights the complexity of MS progression during the peripartum
period and the need for comprehensive monitoring and individualized
treatment strategies.

Our data also demonstrate an association between lack of precon-
ception DMT and relapse in pregnancy and the postpartum year (Yeh
et al., 2024, 2021), whereas we did not find significant differences in
preconception EDSS and annual relapse rate between the two groups.

Our finding that new lesions were detected in 77.5 % of women with
a clinical relapse and in 40.0 % without clinical symptoms further un-
derscores the fact that disease activity during pregnancy and the post-
partum period may be underestimated when relying solely on clinical
aspects. This highlights the importance of MRI in detecting subclinical
disease activity and guiding therapeutic decisions (Anderson et al.,
2021; Houtchens, M. et al., 2020).

The association between pre-pregnancy spinal lesion load and the
occurrence of relapses during pregnancy and the postpartum year
(Table 3) has not been previously described. Spinal lesion load is an
independent predictor of high disease activity (Del Negro et al., 2022),
suggesting that spinal cord imaging could potentially serve as a useful
tool in assessing relapse risk during pregnancy and postpartum, and
should be considered when planning preconception therapy (Lehmann
et al., 2021).

In contrast to earlier studies suggesting a protective effect of
breastfeeding on relapse risk (Anderson et al., 2021; Hradilek et al.,
2022; Lorefice et al., 2022; Saposnik et al., 2022), we observed a
non-significant trend toward a higher proportion of women in the
relapse group who breastfed exclusively (Table 1). This discrepancy may
reflect differences in study design, population characteristics, or
breastfeeding duration, underscoring the need for individualized coun-
seling regarding breastfeeding for women with MS.

Our data support the current trend of continuing natalizumab
treatment during pregnancy for women with high disease activity, in
line with previous studies showing reduced relapse rates when natali-
zumab is continued throughout pregnancy (Thiel et al., 2023; Yeh et al.,
2021). However, the risks and benefits of this approach should be
carefully evaluated. Exposure to DMT in 77 out of 96 pregnancies
appeared not to increase the risk of miscarriage or birth defects. Based
on clinical practice and emerging data an alternative could be switching
to a DMT with lower risk of rebound activity such as B cell depleting
agents. Currently, the European Medical Agency recommends effective
contraception for 4 months after the last administration of ocrelizumab
and for 6 months after the last administration of ofatumumab. However,
given the half-life (26 days for ocrelizumab, 16 days for ofatumumab)
and the fact that relevant placental transfer of these drugs is to be ex-
pected starting from 14 weeks of gestation as for endogenous
IgG1l-antibodies, this interval is quite conservative. Due to the reassuring
safety data (for mother and child) from retrospective cohorts as well as
the first prospective studies (Bove et al., 2025; Vukusic et al., 2025) and
alongside with expert consensus, B cell depleting drugs may present a
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suitable option in women planning pregnancy in the short or mid-term
(Graber et al., 2024; Krysko et al., 2023). Especially with regard to the
sustained effect on peripheral B cell depletion beyond the approved
6-monthly infusion, pregnancy planning under B cell depleting agents
may allow effective disease control despite interruption of therapy
during pregnancy itself (Baker et al., 2020; Kappos et al., 2024). A large
retrospective cohort study comparing different management strategies
found that use of intravenous B cell depleting agents was the most
effective one regarding the impact on relapse rates during pregnancy
and the postpartum period and might be even more beneficial than
natalizumab when continued until the third trimester (Gavoille et al.,
2025).

In conclusion, our study emphasizes the significant impact of relapse
activity during pregnancy and the postpartum year on disability pro-
gression in women with MS. A careful, individualized risk assessment is
critical when counseling and treating women with MS during this time,
and further studies evaluating the effects of DMTs on both maternal
health and fetal outcomes are needed to refine therapeutic strategies and
improve long-term outcomes.

Funding statement

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

CRediT authorship contribution statement

Lea I Walter: Writing — original draft, Methodology, Formal anal-
ysis, Data curation, Conceptualization. Veronika Kana: Writing — re-
view & editing, Investigation. Sarah Hosli: Writing — review & editing,
Formal analysis. Michael Weller: Writing — review & editing. Nathalie
Nierobisch: Writing — review & editing, Data curation. Marina Her-
werth: Writing — review & editing, Investigation. Patrick Roth: Writing
— original draft, Supervision, Resources, Investigation, Data curation,
Conceptualization.

Declaration of competing interest

LIW received travel support from Sanofi. VK received honoraria for
advisory roles and/or lectures for Biogen, Novartis, Merck, Roche, Teva,
and travel support from Biogen, Merck, Roche, none of it relevant to the
manuscript. SH declared no potential conflicts of interest with respect to
the research, authorship and/or publication of this article. MW has
received research grants from Novartis, Quercis and Versameb, and
honoraria for lectures or advisory board participation or consulting from
Anheart, Bayer, Curevac, Medac, Neurosense, Novartis, Novocure,
Orbus, Pfizer, Philogen, Roche and Servier. NN declared no potential
conflicts of interest with respect to the research, authorship and/or
publication of this article. MH served on scientific advisory boards of
Biogen, Merck Serono, Alexion, Roche and Horizon Therapeutics
(Amgen), received speaker’s honoraria from Biogen and received travel
funding from Roche. Her institution received an unrestricted research
grant from Roche. She was supported by the UZH Candoc Postdoc Grant
(#FK-22-048) by the Swiss National Science Foundation (SNSF)
Ambizione Grant (PZ00°3_216,616/1) and by the Olga-Mayenfisch-
Foundation (2024). PR has received honoraria for lectures or advisory
board participation from Alexion, Bristol-Myers Squibb, Boehringer
Ingelheim, CDR-Life, Debiopharm, Galapagos, Laminar, Midatech
Pharma, Novocure, OM Pharma, QED, Roche, Sanofi and Servier, travel
support from Sanofi and research support from Merck Sharp and Dohme
and TME Pharma.



L.I. Walter et al.
References

Anderson, A., Krysko, K.M., Rutatangwa, A., Krishnakumar, T., Chen, C., Rowles, W.,
Zhao, C., Houtchens, M.K., Bove, R., 2021. Clinical and radiologic disease activity in
pregnancy and postpartum in MS. Neurol. Neuroimmunol. Neuroinflamm 8 (2).

Baker, D., Pryce, G., James, L.K., Marta, M., Schmierer, K., 2020. The ocrelizumab phase
1I extension trial suggests the potential to improve the risk: benefit balance in
multiple sclerosis. Mult. Scler. Relat. Disord 44, 102279.

Bove, R., Oreja-Guevara, C., Vukusic, S., Shah, A., Graham, E., McElrath, T.,
Pietrasanta, C., Dobson, R., Maillart, E., Jacobs, D., Kletzl, H., Kazlauskaite, A.,
Zecevic, D., Raposo, C., Craveiro, L., Lin, C.-J., Pasquarelli, N., Hellwig, K., 2025.
Placental and breastmilk transfer of Ocrelizumab from women with multiple
sclerosis to infants and the potential impact on B-cell levels: primary analysis of the
prospective, multicenter, open-label, phase IV studies MINORE and SOPRANINO
(PL4.004). Neurology 104 (7_Supplement_1), 3721.

Bsteh, G., Algrang, L., Hegen, H., Auer, M., Wurth, S., Di Pauli, F., Deisenhammer, F.,
Berger, T., 2020. Pregnancy and multiple sclerosis in the DMT era: a cohort study in
Western Austria. Mult. Scler 26 (1), 69-78.

Confavreux, C., Hutchinson, M., Hours, M.M., Cortinovis-Tourniaire, P., Moreau, T.,
1998. Rate of pregnancy-related relapse in multiple sclerosis. Pregnancy in Multiple
sclerosis group. N. Engl. J. Med 339 (5), 285-291.

Del Negro, L, Pez, S., Gigli, G.L., Valente, M., 2022. Disease activity and progression in
multiple sclerosis: new evidences and future perspectives. J. Clin. Med 11 (22).
Gavoille, A., Rollot, F., Casey, R., Mathey, G., Le Page, E., Ciron, J., De Seze, J., Ruet, A.,

Maillart, E., Labauge, P., Zephir, H., Kwiatkowski, A., Papeix, C., Defer, G., Lebrun-

Frenay, C., Moreau, T., Laplaud, D.A., Berger, E., Dubessy, A.L., Clavelou, P.,
Thouvenot, E., Heinzlef, O., Pelletier, J., Al-Khedr, A., Casez, O., Bourre, B.,
Wabhab, A., Magy, L., Moulin, S., Camdessanche, J.P., Doghri, 1., Sarov-Riviere, M.,
Hankiewicz, K., Pottier, C., Dos Santos, A., Nifle, C., Subtil, F., Vukusic, S.,
Investigators, O., 2025. Therapeutic management during pregnancy and relapse risk
in women with multiple sclerosis. JAMA. Neurol.

Graber, M., Panchaud, A., Legardeur, H., Derfuss, T., Friedli, C., Gobbi, C., Zecca, C.,
Granziera, C., Jelcic, I., Hammer, H.N., Bigi, S., Diem, L., Kamber, N., Kana, V.,
Kuhle, J., Miiller, S., Salmen, A., Hoepner, R., Do Canto, P., Théaudin, M.,

Surbek, D., Pot, C., Chan, A.D., Soc, S.M.S., Obstetrics, S.N.S.S.S.G., 2024.
Recommendations for the treatment of multiple sclerosis in Family planning,
pregnancy and lactation in Switzerland: immunotherapy. Clin. Transl. Neurosci 8
3).

Hellwig, K., Beste, C., Schimrigk, S., Chan, A., 2009. Immunomodulation and postpartum
relapses in patients with multiple sclerosis. Ther. Adv. Neurol. Disord 2 (1), 7-11.

Hellwig, K., Tokic, M., Thiel, S., Esters, N., Spicher, C., Timmesfeld, N., Ciplea, A.IL,
Gold, R., Langer-Gould, A., 2022. Multiple sclerosis disease activity and disability
following discontinuation of Natalizumab for pregnancy. JAMA. Netw. Open 5 (1),
€2144750.

Hellwig, K., Tokic, M., Thiel, S., Hemat, S., Timmesfeld, N., Ciplea, A.I., Gold, R., Langer-
Gould, A.M., 2023. Multiple sclerosis disease activity and disability following
cessation of Fingolimod for pregnancy. Neurol. Neuroimmunol. Neuroinflamm 10
@.

Hemmer, B., et al., 2023. Diagnose und therapie der multiplen sklerose, neuromyelitis-
optica-spektrum-erkrankungen und MOG-IgG-assoziierten erkrankungen. htt
ps://dgn.org/leitlinie/diagnose-und-therapie-der-multiplen-sklerose-neuromyeliti
s-optica-spektrum-erkrankungen-und-mog-igg-assoziierten-erkrankungen.

Houtchens, M., Bove, R., Healy, B., Houtchens, S., Kaplan, T.B., Mahlanza, T., Chitnis, T.,
Bakshi, R., 2020a. MRI activity in MS and completed pregnancy: data from a tertiary
academic center. Neurol. Neuroimmunol. Neuroinflamm 7 (6).

Houtchens, M.K., Edwards, N.C., Hayward, B., Mahony, M.C., Phillips, A.L., 2020b. Live
birth rates, infertility diagnosis, and infertility treatment in women with and without
multiple sclerosis: data from an administrative claims database. Mult. Scler. Relat.
Disord 46, 102541.

Hradilek, P., Meluzinova, E., Zapletalova, O., Hanulikova, P., Horakova, D.,
Woznicova, 1., Pavliska, L., Stetkarova, 1., Valis, M., Stourac, P., Adamkova, J.,
Ampapa, R., Vachova, M., Mares, J., 2022. Is pregnancy in MS patients safe and what
is its impact on MS course? Real world evidence of 1533 pregnancies in Czech
Republic. Mult. Scler. Relat. Disord 59, 103391.

Kappos, L., Traboulsee, A., Li, D.K.B., Bar-Or, A., Barkhof, F., Montalban, X., Leppert, D.,
Baldinotti, A., Schneble, H.M., Koendgen, H., Sauter, A., Wang, Q., Hauser, S.L.,
2024. Ocrelizumab exposure in relapsing-remitting multiple sclerosis: 10-year
analysis of the phase 2 randomized clinical trial and its extension. J. Neurol 271 (2),
642-657.

Kappos, L., Wolinsky, J.S., Giovannoni, G., Arnold, D.L., Wang, Q., Bernasconi, C.,
Model, F., Koendgen, H., Manfrini, M., Belachew, S., Hauser, S.L., 2020.
Contribution of relapse-independent progression vs relapse-associated worsening to
overall confirmed disability accumulation in typical relapsing multiple sclerosis in a
pooled analysis of 2 randomized clinical trials. JAMA. Neurol 77 (9), 1132-1140.

Kopp, T.L, Pinborg, A., Glazer, C.H., Magyari, M., 2022. Women with female infertility
seeking medically assisted reproduction are not at increased risk of developing
multiple sclerosis. Hum. Reprod 37 (6), 1324-1333.

Krysko, K.M., Dobson, R., Alroughani, R., Amato, M.P., Bove, R, Ciplea, A.I., Fragoso, Y.,
Houtchens, M., Jokubaitis, V.G., Magyari, M., Abdelnasser, A., Padma, V., Thiel, S.,
Tintore, M., Vukusic, S., Hellwig, K., 2023. Family planning considerations in people
with multiple sclerosis. Lancet. Neurol 22 (4), 350-366.

Krysko, K.M., Rutatangwa, A., Graves, J., Lazar, A., Waubant, E., 2020. Association
between breastfeeding and postpartum multiple sclerosis relapses: a systematic
review and meta-analysis. JAMA. Neurol 77 (3), 327-338.

Multiple Sclerosis and Related Disorders 106 (2026) 106932

Langer-Gould, A., Smith, J.B., Albers, K.B., Xiang, A.H., Wu, J., Kerezsi, E.H.,
McClearnen, K., Gonzales, E.G., Leimpeter, A.D., Van Den Eeden, S.K., 2020.
Pregnancy-related relapses and breastfeeding in a contemporary multiple sclerosis
cohort. Neurology 94 (18), e1939-e1949.

Lehmann, H., Zveik, O., Levin, N., Brill, L., Imbar, T., Vaknin-Dembinsky, A., 2021. Brain
MRI activity during the year before pregnancy can predict post-partum clinical
relapses. Mult. Scler 27 (14), 2232-2239.

Lorefice, L., Fronza, M., Fenu, G., Frau, J., Coghe, G., D’Alterio, M.N., Barracciu, M.A.,
Murgia, F., Angioni, S., Cocco, E., 2022. Effects of pregnancy and breastfeeding on
clinical outcomes and MRI measurements of women with multiple sclerosis: an
exploratory real-world cohort study. Neurol. Ther 11 (1), 39-49.

Lu, G., Beadnall, H.N., Barton, J., Hardy, T.A., Wang, C., Barnett, M.H., 2018. The
evolution of "No evidence of disease activity" in multiple sclerosis. Mult. Scler. Relat.
Disord 20, 231-238.

Pettker, C.M., Goldberg, J.D., El-Sayed, Y.Y., Copel, J.A., Med, S.M.-F., Med, A.L.U.,
Practice, C.O., 2017. Methods for estimating the due date. Obs. Gynecol 129 (5),
E150-E154.

Saposnik, G., Andhavarapu, S., Fernandez, O., Kim, H.J., Wiendl, H., Foss, M., Zuo, F.,
Havrdova, E.K., Celius, E.G., Caceres, F., Magyari, M., Bermel, R., Costa, A.,
Terzaghi, M., Kalincik, T., Popescu, V., Amato, M.P., Montalban, X., Oh, J., 2022.
Effect of desire for pregnancy on decisions to escalate treatment in multiple sclerosis
care: differences between MS specialists and non-MS specialists. Mult. Scler. Relat.
Disord 57, 103389.

Sondergaard, H.B., Airas, L., Christensen, J.R., Nielsen, B.R., Bornsen, L., Oturai, A.,
Sellebjerg, F., 2020. Pregnancy-induced changes in microRNA expression in multiple
sclerosis. Front. Immunol 11, 552101.

Thiel, S., Litvin, N., Haben, S., Gold, R., Hellwig, K., 2023. Disease activity and neonatal
outcomes after exposure to natalizumab throughout pregnancy. J. Neurol.
Neurosurg. Psychiatry.

Thompson, A.J., Banwell, B.L., Barkhof, F., Carroll, W.M., Coetzee, T., Comi, G.,
Correale, J., Fazekas, F., Filippi, M., Freedman, M.S., Fujihara, K., Galetta, S.L.,
Hartung, H.P., Kappos, L., Lublin, F.D., Marrie, R.A., Miller, A.E., Miller, D.H.,
Montalban, X., Mowry, E.M., Sorensen, P.S., Tintore, M., Traboulsee, A.L.,
Trojano, M., Uitdehaag, B.M.J., Vukusic, S., Waubant, E., Weinshenker, B.G.,
Reingold, S.C., Cohen, J.A., 2018. Diagnosis of multiple sclerosis: 2017 revisions of
the McDonald criteria. Lancet. Neurol 17 (2), 162-173.

Vukusic, S., Bove, R., Dobson, R., McElrath, T., Oreja-Guevara, C., Pietrasanta, C., Lin, C.
J., Ferreira, G., Craveiro, L., Zecevic, D., Pasquarelli, N., Hellwig, K., 2025.
Pregnancy and infant outcomes in women with multiple sclerosis treated with
Ocrelizumab. Neurol. Neuroimmunol. Neuroinflamm 12 (1), e200349.

Vukusic, S., Carra-Dalliere, C., Ciron, J., Maillart, E., Michel, L., Leray, E., Guennoc, A.
M., Bourre, B., Laplaud, D., Androdias, G., Bensa, C., Bigaut, K., Biotti, D.,
Branger, P., Casez, O., Cohen, M., Daval, E., Deschamps, R., Donze, C., Dubessy, A.L.,
Dulau, C., Durand-Dubief, F., Guillaume, M., Hebant, B., Kremer, L.,

Kwiatkowski, A., Lannoy, J., Maarouf, A., Manchon, E., Mathey, G., Moisset, X.,
Montcuquet, A., Pique, J., Roux, T., Marignier, R., Lebrun-Frenay, C., 2023.
Pregnancy and multiple sclerosis: 2022 recommendations from the French multiple
sclerosis society. Mult. Scler 29 (1), 11-36.

Vukusic, S., Hutchinson, M., Hours, M., Moreau, T., Cortinovis-Tourniaire, P.,
Adeleine, P., Confavreux, C., Pregnancy In Multiple Sclerosis, G., 2004. Pregnancy
and multiple sclerosis (the PRIMS study): clinical predictors of post-partum relapse.
Brain 127 (Pt 6), 1353-1360.

Walton, C., King, R., Rechtman, L., Kaye, W., Leray, E., Marrie, R.A., Robertson, N., La
Rocca, N., Uitdehaag, B., van der Mei, 1., Wallin, M., Helme, A., Angood Napier, C.,
Rijke, N., Baneke, P., 2020. Rising prevalence of multiple sclerosis worldwide:
insights from the Atlas of MS, third edition. Mult. Scler 26 (14), 1816-1821.

Wisgalla, A., Ramien, C., Streitz, M., Schlickeiser, S., Lupu, A.R., Diemert, A., Tolosa, E.,
Arck, P.C., Bellmann-Strobl, J., Siebert, N., Heesen, C., Paul, F., Friese, M.A., Infante-
Duarte, C., Gold, S.M., 2022. Alterations of NK cell phenotype during pregnancy in
multiple sclerosis. Front. Immunol 13, 907994.

Yeh, W.Z., Van Der Walt, A., Skibina, O.G., Kalincik, T., Alroughani, R., Kermode, A.G.,
Fabis-Pedrini, M.J., Carroll, W.M., Lechner-Scott, J., Boz, C., Ozakbas, S.,

Buzzard, K., Habek, M., John, N.A., Prat, A., Girard, M., Duquette, P., Baghbanian, S.
M., Hodgkinson, S., Van Pesch, V., Laureys, G., Willekens, B., Prevost, J., Foschi, M.,
De Gans, K., Horakova, D., Havrdova, E.K., Karabudak, R., Patti, F., McCombe, P.A.,
Maimone, D., Altintas, A., Ampapa, R., Spitaleri, D., Gerlach, O.H.H., Sa, M.J.,
Hughes, S., Gouider, R., Mrabet, S., Macdonell, R.A., Turkoglu, R., Cartechini, E., Al-
Asmi, A., Soysal, A., Oh, J., Muros-Le Rouzic, E., Guye, S., Pasquarelli, N.,
Butzkueven, H., Jokubaitis, V.G., Group, M.S.S., 2024. Disease activity in pregnant
and postpartum women with multiple sclerosis receiving Ocrelizumab or other
Disease-modifying therapies. Neurol. Neuroimmunol. Neuroinflamm 11 (6),
€200328.

Yeh, W.Z., Widyastuti, P.A., Van der Walt, A., Stankovich, J., Havrdova, E.,

Horakova, D., Vodehnalova, K., Ozakbas, S., Eichau, S., Duquette, P., Kalincik, T.,
Patti, F., Boz, C., Terzi, M., Yamout, B.L., Lechner-Scott, J., Sola, P., Skibina, O.G.,
Barnett, M., Onoftj, M., Sa, M.J., McCombe, P.A., Grammond, P., Ampapa, R.,
Grand’Maison, F., Bergamaschi, R., Spitaleri, D.L.A., Van Pesch, V., Cartechini, E.,
Hodgkinson, S., Soysal, A., Saiz, A., Gresle, M., Uher, T., Maimone, D., Turkoglu, R.,
Hupperts, R.M., Amato, M.P., Granella, F., Oreja-Guevara, C., Altintas, A.,
Macdonell, R.A., Castillo-Trivino, T., Butzkueven, H., Alroughani, R., Jokubaitis, V.
G., Group, M.S.S., 2021. Natalizumab, Fingolimod and dimethyl fumarate use and
pregnancy-related relapse and disability in women with multiple sclerosis.
Neurology 96 (24), €2989-e3002.


http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0001
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0001
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0001
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0002
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0002
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0002
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0003
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0004
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0004
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0004
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0005
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0005
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0005
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0006
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0006
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0007
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0008
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0009
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0009
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0010
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0010
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0010
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0010
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0011
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0011
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0011
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0011
https://dgn.org/leitlinie/diagnose-und-therapie-der-multiplen-sklerose-neuromyelitis-optica-spektrum-erkrankungen-und-mog-igg-assoziierten-erkrankungen
https://dgn.org/leitlinie/diagnose-und-therapie-der-multiplen-sklerose-neuromyelitis-optica-spektrum-erkrankungen-und-mog-igg-assoziierten-erkrankungen
https://dgn.org/leitlinie/diagnose-und-therapie-der-multiplen-sklerose-neuromyelitis-optica-spektrum-erkrankungen-und-mog-igg-assoziierten-erkrankungen
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0013
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0013
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0013
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0014
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0014
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0014
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0014
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0015
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0015
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0015
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0015
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0015
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0016
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0016
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0016
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0016
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0016
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0017
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0017
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0017
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0017
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0017
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0018
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0018
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0018
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0019
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0019
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0019
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0019
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0020
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0020
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0020
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0021
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0021
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0021
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0021
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0022
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0022
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0022
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0023
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0023
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0023
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0023
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0024
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0024
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0024
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0025
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0025
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0025
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0026
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0027
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0027
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0027
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0028
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0028
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0028
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0029
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0030
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0030
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0030
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0030
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0031
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0032
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0032
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0032
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0032
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0033
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0033
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0033
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0033
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0034
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0034
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0034
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0034
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0035
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036
http://refhub.elsevier.com/S2211-0348(25)00670-4/sbref0036

	Relapse activity during pregnancy and the postpartum year is associated with accelerated disability progression in multiple ...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Variables
	2.3 Outcomes
	2.4 Statistical analyses

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Clinical and radiological disease activity during pregnancy and the postpartum period
	3.3 Natalizumab subgroup analysis
	3.4 Pregnancy outcome

	4 Discussion
	Funding statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


