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Objective: To summarize the available literature and provide an overview of in utero exposure to maternal multiple sclerosis (MS) 
and the influence on offspring health outcomes.
Methods: We conducted a systematic review by searching Embase, Medline and PubMed.gov databases, and we used covidence.org 
to conduct a thorough sorting of the articles into three groups; 1) women with MS and the influence on birth outcomes; 2) women with 
MS treated with disease-modifying therapy (DMT) during pregnancy and the influence on birth outcomes; and 3) women with MS and 
the influence on long-term health outcomes in the children.
Results: In total, 22 cohort studies were identified. Ten studies reported on MS without DMT and compared with a control group 
without MS, and nine studies on women with MS and DMT prior to or during pregnancy met the criteria. We found only four studies 
reporting on long-term child health outcomes. One study had results belonging to more than one group.
Conclusion: The studies pointed towards an increased risk of preterm birth and small for gestational age among women with MS. In 
terms of women with MS treated with DMT prior to or during pregnancy, no clear conclusions could be reached. The few studies on 
long-term child outcomes all had different outcomes within the areas of neurodevelopment and psychiatric impairment. In this 
systematic review, we have highlighted the research gaps on the impact of maternal MS on offspring health.
Keywords: multiple sclerosis, pregnancy, neonatal outcomes, long-term health outcomes, reproduction

Introduction
Multiple sclerosis (MS) is one of several chronic immune diseases with an increasing incidence,1 and the majority of 
patients are women diagnosed between the ages of 20 and 40 years. During the past 25 years, the treatment options have 
improved, and with the introduction of disease-modifying therapy (DMT), people living with MS are now encouraged to 
pursue the life they want to live. With many females being diagnosed at childbearing age, this may include starting 
a family.2 Questions related to reproduction are naturally of great concern in the expanding population of young women 
with MS and it has become an important area of clinical care and research. Women with MS historically have fewer 
children than the general population,3 and this may be because of periods of active disease and treatments. Whether 
fertility is impaired is still debated,3,4 but it is certain that some patients with a chronic disease make an active choice not 
to have children.5 It has gradually become more routine for neurologists to discuss pregnancy when planning medical 
treatment in young women. Patients were previously concerned about the heritability of MS, but neuroepidemiological 
studies in this area have produced reassuring results. Previous studies have suggested that susceptibility to MS is 
a complex interplay of heritability and environment, and the question about heritability is an ongoing research topic.6–9 

A meta-analysis from 2012 found the age-adjusted risk of recurrence among offspring with a parent with MS to be 1.45% 
(95% CI 1.23–1.67).10
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In addition, patients are naturally worried about the impact of MS as a disease and its corresponding medications on 
the health of their offspring, which has led to increasing demands for conception counseling. The association between in 
utero exposure to maternal MS, with its accompanying medical treatments, and adverse short- and long-term offspring 
outcomes has been studied to a limited extent among researchers in neurology and obstetrics over the past two 
decades.11–14

The authors are aware of two reviews,15,16 which, from a neurological angle, summarize evidence on MS and short- 
term adverse birth outcomes. Another review examined the developmental trajectories of offspring and requested further 
studies on long-term outcomes in offspring.17 We performed this review because there have been no other reviews with 
a focus on long-term somatic health outcomes in the offspring of women with MS.

Material and Methods
Protocol and Registration
The review protocol was registered at the International Prospective Register of Systematic Reviews (PROSPERO.org) 
with ID number CRD42022338414, prior to initiation of the review process.

Search Strategy and Eligibility Criteria
A comprehensive literature search was undertaken in Embase and Medline in combination with a reference screening of 
the included studies conducted in PubMed, to pursue a complete coverage of the topic. The search running dates were 
05.02.2022–06.15.2022 and all searches were repeated on 08.23.2022, which did not contribute any new publications 
meeting the inclusion and exclusion criteria. The last up-to-date search, conducted on 02.06.2023, added one new 
study.18 The search strategy was developed by MLA together with a trained librarian at the University of Southern 
Denmark, applying the PICOS format (population, intervention, comparison and outcomes of interest) and organized in 
search blocks. For the search string, see the Supportive File. For the connections between search blocks, the Boolean 
operators AND and OR were used.

The search results are presented in Figure 1. Both primary data collection and studies including secondary sources of 
data (eg claims databases, interviews with mothers) were considered. Duplicates were removed in Endnote. Abstracts, 
reviews, case reports, case series and spontaneous reports were excluded, as were other types of studies with no reference 
group. Offspring birth, neonatal, childhood and adolescence somatic and mental health outcomes were of interest. We 
included only studies reporting on child outcomes with a risk estimate (absolute or relative risk estimates [hazard ratio 
(HR), odds ratio (OR), relative risk (RR)]). After reviewing the search results, abstracts were screened and full-text 
articles read. Finally, appropriate studies were included based on the exclusion and inclusion criteria. Reasons for 
exclusion of papers were recorded in a table. The studies were sorted into three groups: 1) maternal MS and short-term 
outcomes in the offspring (birth and neonatal), 2) in utero exposure to medications used to treat maternal MS and short- 
term outcomes in the offspring (birth and neonatal), and 3) maternal MS and long-term health outcomes in the offspring 
(from 1 month to adulthood).
The eligibility criteria for this review were as follows.

● Exposure: Maternal MS diagnosis verified with the McDonald criteria or by International Classification of Diseases 
(ICD) diagnosis codes.19 Comparison with healthy controls was preferred. In studies with DMT exposure, 
stratification on each type of medication was mandatory, and comparison with women with MS but without 
DMT treatment was preferred.

● Studies with data from pharmacovigilance databases managed by pharmaceutical manufacturers were excluded, 
together with studies where the contributing authors were permanently employed by the industry.

● Outcomes: In all studies with the outcome of preterm birth, this was defined as birth before gestational age 37 
weeks; low Apgar was defined as an Apgar score <7 at 5 minutes; and small for gestational age (SGA) was defined 
as a birth weight below –2 SD or <2500 g at completed 37 gestational weeks, according to the WHO definition. In 
contrast to low birth weight, SGA relates the birth weight to gestational week, sex and singleton or multiple 
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gestation, and is influenced by the intrauterine growth conditions and genetic potential.20 No standardized 
nomenclature was used for the outcome of congenital anomalies, which were just referred to as “congenital 
malformations”, “congenital anomalies” or “birth defects”.

● Presentation of results: Risk estimates should be available in the article. Studies presenting only descriptive results, 
such as prevalence, proportions or percentages, were excluded.

Data Extraction
Screening was initially performed based on the title and abstract, followed by a full text screening by MLA. For the 
inclusion of records, the eligibility criteria were applied by two reviewers (MLA and LRJ) who independently screened 
the records for inclusion. To increase the reproducibility and accuracy of the review, the literature screening was 
conducted in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA 

Records identified from
databases

(Embase and Medline)
and reference screening 

n =1035

Records screened by TITLE
(n = 1035)

Duplicates and records with 
irrelevant topic excluded

(n =944)

Reports screened by abstract
(n = 91)

Reports assessed for eligibility
(n = 77)

Reports excluded:
Inappropriate Outcome 

(n=10)
Inappropriate/ No reference 

group (n=21)

Descriptive studies – no risk 
estimates (n =25)

Studies included in review
(n = 22)

Identification of studies via databases and registers
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Reports excluded:
Inappropriate design (n =12)
Not English language (n=1)

Inappropriate exposure (n= 1)

Up-to-date search 02.06.2023 
added one study to the review.

Figure 1 Search strategy and flowchart of exclusion and inclusion of studies.
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2020) checklist and using the web-based program covidence.org at the University Library of Southern Denmark. 
Disagreements were resolved through discussion and consensus with a third reviewer (BMN).

Data extracted from the included studies are presented in Tables 1–3. The analyses consist of summarizing the risks of 
adverse birth, childhood and adolescence health outcomes among offspring of women with MS. We considered a meta- 
analysis, but the number of studies identified within each group was too low, too few studies reported on specific 
outcomes and the exposures were too inhomogeneous. The authors were aware of a few existing systematic reviews and 
meta-analyses on birth outcomes among women with MS and DMT from 2000–2019,21,22 and decided to conduct an up- 
to-date search in this subgroup of studies.

The quality of the included studies was assessed using the Newcastle–Ottawa Scale (NOS) tool for cohort studies, 
evaluating the risk of bias due to selection, comparability and outcome. A study could be awarded a maximum of one star 
for each numbered item in the selection and outcome categories.23 A maximum of two stars can be given for 
comparability. A maximum of 9 points can be given to studies of the highest quality. Two authors (MLA and LRJ) 
performed the assessment independently. In situations of disagreement, consensus was reached via discussion. The 
assessments of the risk of bias are presented in Tables 1–3.

Results
Literature Search and Study Selection
The initial literature search identified 1035 studies by title, of which 944 were outside the scope of the review. A total of 
91 studies were screened by abstract, and 77 were assessed in full. Only 21 studies were included, and five of them were 
newly published in 2021/2022. An up-to-date search added one more study in group 2. Characteristics and summary data 
from the included studies are presented in Tables 1–3.

We found 10 studies that belonged to group 1: Maternal MS and short-term outcomes in the offspring (birth and 
neonatal). We found nine studies that belonged to Group 2: In utero exposure to medications used to treat maternal MS 
and short-term outcomes in the offspring (birth and neonatal). We found four studies that belonged to Group 3: Maternal 
MS and long-term health outcomes in the offspring (from 1 month to 18 years). One study had results that belonged to 
more than one group.

Study Characteristics
The studies were all cohort studies and several of them were population-based cohorts, and they represented four 
continents (North and South America, Asia and Europe). There were 15 European studies and eight of them were based 
on Scandinavian nationwide registers: Andersen et al studied the Danish population18,24,39,40 Dahl et al and Strom et al 
studied the Norwegian population,11,25,26 and Korjagina et al used data from Finland and Sweden in their register study.27 

Two of the three German studies were based on the same dataset, but with different timeslots and exposures,28,29 and the 
two studies from Italy came from the same registry, but with different timeslots.30,31 One study from the UK reported as 
a part of the Oxford Record Linkage Study on a cohort from 1970–1989.32 Chen et al studied the population of Taiwan12 

and Soler et al studied a cohort in Chile.13 The Canadian study group of Razaz et al conducted two population-based 
register studies from British Columbia on long-term outcomes in children.33,34 Three studies came from the USA: two 
cohort studies from Boston, using data from the same administrative claims database,14,35 and one study from 
Washington.36

Group 1 Studies: Maternal MS and Short-Term Outcomes in the Offspring (Birth and 
Neonatal)
We found 10 studies in total in this category. These studies examined the association between maternal MS diagnosed 
before the time of conception and birth and neonatal outcomes in the offspring. The majority focused on short-term birth 
outcomes, including 5-minute Apgar <7, SGA/low birth weight, preterm birth, congenital anomalies and stillbirth, among 
the offspring of women with MS.
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Table 1 Maternal Multiple Sclerosis and the Effect on Neonatal Outcomes

First Author, 
Country, Year

Study 
Design

Population Maternal MS 
Exposure, n

Reference 
Group, n

Neonatal 
Outcomes

Adjusted For 
Confounders

Main Results Overall 
Conclusion

NOS Score

Andersen, 

Denmark, 202124

Cohort 

study

Population-based, 

including all births 

from 1997–2016 

from Danish 

registries and 

databases

2930 (live and still 

births, 70% 

without DMT)

56,958 (live 

and still births, 

5% random 

sample from 

general 

population)

Preterm birth, SGA, 

low Apgar, CAs, 

“signs of asphyxia”, 

stillbirtha

Yes:  

Prior abortion, prior 

cesarean section, 

maternal age, year of 

birth, parity, educational 

level

Low Apgar OR 0.90 (95% CI 0.56– 

1.44), signs of asphyxia OR 0.87 

(95% CI 0.78–0.97), stillbirth OR 

1.17 (95% CI 0.68–2.00), CAs OR 

1.02 (95% CI 0.87–1.19), SGA OR 

1.29 (95% CI 1.04–1.60), preterm 

birth OR 1.12 (95% CI 0.95–1.33)

Higher 

prevalence of 

infants being 

SGA and lower 

prevalence of 

“signs indicating 

asphyxia” in the 

study cohort

Selection: **** 

Comparability: * 

Outcome: *** 

8 points

Soler, Chile, 202113 Cohort 

study

Questionnaire 

study with clinical 

data, pre-MS and 

post-MS patients, 

Programa de 

Esclerosis Multiple 

UC

76 (pregnancies 

post-MS 

diagnosis)

223 

(pregnancies 

pre-MS 

diagnosis)

MCAs No MCAs (n=1 in post-MS, n=5 in pre- 

MS) OR 0.66 (95% CI 0.3–1.4)

No firm 

conclusions can 

be drawn

Selection: *** 

Comparability: 

Outcome: * 

4 points

Mueller, 

USA (Washington), 

200236

Cohort 

study

ICD codes from 

1987–1996 

hospital data from 

Washington

198 (with/without 

DMT not 

described, they 

were older, more 

often married, 

with more 

education, more 

insurance)

1584 

(randomly 

selected from 

the birth 

cohort in 

Washington, 

frequency- 

matched 

on year of 

delivery)

Birth weight, SGA, 

low Apgar, CAs, 

infant death, fetal 

distress, preterm 

birth, length of 

infant’s hospitalization

Yes:  

Maternal age

Birth weight <2500 g RR 0.9 (95% CI 

0.5–1.7), preterm birth RR 0.9 (95% 

CI 0.5–1.5), low Apgar RR 0.8 (95% 

CI 0.2–2.5) hospital stay 4–6 days RR 

1.5 (95% CI 0.9–2.3), CAs RR 0.6 

(95% CI 0.1–2.3), infant death RR 1.1 

(95% CI 0.3–5.1)

No firm 

conclusions can 

be drawn

Selection: *** 

Comparability: * 

Outcome: * 

5 points

Goldacre, UK 

(Oxford), 201732

Cohort 

study

Mother–child 

record linkage 

1970–1989 on 

850,000 people 

(part of the 

Oxford Record 

Linkage Study) – 

maternity dataset

181 (with/without 

DMT not 

described, MS 

mothers were in 

higher social 

class)

244,573 

(without MS)

Birth weight, SGA, 

gestational age, Apgar 

1 and 5 min, preterm 

birth, stillbirth

Yes: 

Maternal age, year of 

birth

Birth weight <2000 g, n=5, OR 2.7 

(95% CI 1.1–6.6), SGA OR 1 (95% 

CI 0.6–1.8), preterm birth OR 0.9 

(95% CI 0.4–2.1) Apgar 1/1–7 OR 

1.9 (95% CI 0.9–3.7), no difference 

in 5 minutes Apgar, no stillbirths

Increased risk of 

low birth weight 

<2000 g (n=5)

Selection: **** 

Comparability: * 

Outcome: ** 

7 points

Dahl, Norway, 

200825

Cohort 

study

Norwegian 

registries and 

databases, 1967– 

2002

308 (women with 

MS, no DMT or 

steroids)

1910 (women 

with pre-MS, 

prior to year 

of onset)

Preterm birth, SGA, 

low birth weight 

<2500 g, CAs, 

perinatal mortality

Yes: 

Maternal age and time 

period, when relevant 

adjusted for gestational 

week

Preterm birth OR 1.15 (95% CI 

0.92–1.45), low birth weight <2500 

g OR 1.13 (95% CI 0.86–1.47), SGA 

OR 1.20 (95% CI 0.99–1.45), no 

difference in perinatal mortality and 

CAs (results not available)

No firm 

conclusions can 

be drawn

Selection: **** 

Comparability: * 

Outcome: ** 

7 points

(Continued)
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Table 1 (Continued). 

First Author, 
Country, Year

Study 
Design

Population Maternal MS 
Exposure, n

Reference 
Group, n

Neonatal 
Outcomes

Adjusted For 
Confounders

Main Results Overall 
Conclusion

NOS Score

Dahl, Norway, 

200511

Cohort 

study

Medical birth 

registry of 

Norway, 1967– 

2002 – with MS 

diagnosis noted

649 (including 45 

women/59 births 

where MS 

diagnosis was not 

noted in 

a consecutive 

birth)

2,102,430 

pregnancies 

from general 

population)

SGA, birth weight, 

preterm, CAs, 

perinatal mortality

Yes: 

Maternal age and time 

period

SGA OR 1.45 (95% CI 1.14–1.84). 

SGA in term births only OR 1.61 

(95% CI 1.26–2.05), no difference in 

perinatal mortality and CAs (results 

not available)

Increased risk of 

SGA in MS 

group

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

Chen, Taiwan, 

200912

Cohort 

study

Birth certificate 

registry and 

Taiwan National 

Health Insurance 

research dataset, 

2001–2003

174 (only MS, no 

other diseases, 

mostly without 

medical 

treatment)

1392 (age- 

matched from 

birth register, 

no diseases)

Low birth weight 

<2500 g, preterm 

birth, SGA

Yes: 

Sex of the child, parity, 

maternal age, highest 

maternal and paternal 

educational levels, 

parental age difference, 

mother’s marital status, 

family monthly income

Preterm birth OR 2.25 (95% CI 

1.37–3.70), SGA OR 1.89 (95% CI 

1.29–2.70)

Higher odds of 

preterm birth 

and SGA in MS 

cohort

Selection: *** 

Comparability: * 

Outcome: * 

5 points

Weber- 

Schoendorfer, 

Germany, 200937

Cohort 

study

TIS, Berlin, 

structured 

questionnaire 

survey, 1996– 

2007

64 (MS, no DMT, 

some had 

glucocorticoids 

for relapse)

1556 (no MS, 

exposed to 

other known 

non- 

teratogenic 

drugs)

Preterm birth, MCAs Yes: 

Birth weights adjusted 

for maternal age, 

gestational age at 

delivery, smoking, sex of 

the newborn, exposure 

to glucocorticoids

Preterm birth OR 2.43 (95% CI 

0.96–5.4), MCAs OR 3.34 (95% CI 

0.62–11.55) – syndromes and 

elective terminations excluded, 3 

cases of MCAs in study group

No firm 

conclusions can 

be drawn

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

Fong, USA, 201838 Cohort 

study

Health discharge 

data from general 

hospital in 

California, 2001– 

2009, ICD-9 

codes

1185 (MS, DMT 

not described, 

significantly higher 

rate of private 

insurance (77% vs 

49%) and 

comorbidity in 

study group)

4,422,864 

(without MS)

Preterm birth, fetal 

demise (not clearly 

defined)

Yes:  

Maternal age, ethnicity, 

insurance type, 

comorbidities

Preterm birth OR 1.2 (95% CI 0.9– 

1.5), fetal demise OR 1.6 (95% CI 

0.9–3.1)

No firm 

conclusions can 

be drawn

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

MacDonald, USA, 

201914

Cohort 

study

THS claims and 

NIS data, 

commercially 

insured 

population, 2011– 

2015

NIS 2436 THS 

1439 (MS, 

unknown 

medication status)

NIS 

4,1184,380 (no 

MS), THS 

1,101,165 (no 

MS)

Preterm birth, IUGR, 

stillbirth, MCAs

Yes:  

Maternal age, delivery 

region, year of delivery, 

insurance type

Preterm birth RR THS 1.19 (95% CI 

1.04–1.35), RR NIS 1.30 (95% CI 

1.16–1.44); IUGR RR THS 1.03 (95% 

CI 0.87–1.19), RR NIS 1.23 (95% CI 

0.94–1.54); stillbirth RR THS 0.82 

(95% CI 0.23–1.52), RR NIS 0.96 

(95% CI 0.5–1.48); MCAs RR THS 

0.85 (95% CI 0.59–1.12)

Women with 

MS have 

elevated RR of 

preterm 

delivery in both 

of the MS 

cohorts

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

Notes: 0–9 points. *= 1 point, **= 2 points, ***= 3 points, ****= 4 points. aBased on Apgar parameters and umbilical cord blood samples. 
Abbreviations: NOS, Newcastle–Ottawa quality assessment Scale for cohort studies; DMT, disease-modifying treatment; SGA, small for gestational age; low Apgar, 5-minute Apgar score <7; CAs, congenital anomalies, MCAs, major 
congenital anomalies; MS, multiple sclerosis; TIS, Teratology Information Service; THS, Truven Health Market Scan database; NIS, Nationwide Inpatient Sample; IUGR, intrauterine growth retardation.
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Table 2 Women with Multiple Sclerosis Treated with Disease-Modifying Treatment and the Effect on Neonatal Outcomes

First Author, 
Country, Year

Study 
Design

Population Type of 
Medication

Maternal MS + 
DMT 

Exposure, n

Reference 
Group, n

Neonatal 
Outcomes

Adjusted for 
Confounders

Main Results (95% CI) Overall 
Conclusion

NOS Score

Weber- 

Schoendorfer, 

Germany, 

200937

Cohort 

study

TIS, Berlin; structured 

questionnaire survey, 

controls without MS 

who have contacted 

TIS with question 

about medicine, 

1996–2007

GA,  

IFNβ1a,  

IFNβ1b

GA=31 

IFNβ1a=48 

IFNβ1b=21, 

mostly exposed 

in 1st trimester

Ref 1: 64 (MS, 

no DMT), 

Ref 2: 1557 

(non-MS)

CAs, 

preterm 

birth, 

stillbirth

Not in the outcome of 

interest

MS+GA vs non-MS: preterm 

birth OR 0.59 (95% CI 0.01– 

3.74), all CAs OR 1.28 (95% 

CI 0.14–5.3), MCAs OR 4.99 

(95% CI 0.54–22.19)

No firm 

conclusions 

can be 

drawn

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

Amato, Italy, 

201030

Cohort 

study

Enrolled from 21 

nationwide main MS 

clinics; questionnaire 

study, 2002–2008

IFNβ 75 (MS + IFNβ 
administered <4 

weeks prior to 

conception)

287 (MS and 

previous >4 

weeks 

discontinuation 

of IFNβ or 

never treated)

Preterm 

birth

Yes: 

Age, educational level, 

disease duration, EDSS, 

previous pregnancy and 

abortion, smoking, alcohol 

or substances, gestational 

age, CS, sex of the child

IFNβ exposure as a predictor 

of preterm birth, OR 2.11 

(95% CI 1.18–3.78)

IFNβ 
exposure is 

significantly 

related to 

preterm 

birth

Selection: **** 

Comparability: ** 

Outcome: *** 

9 points

Herbstritt, 

Germany, 

201628

Cohort 

study

German pregnancy 

MS registry; 

telephone interviews 

every 3 months or 

visit to the outpatient 

clinic in Bochum, 

2008–2013

GA 151 95 “MS, not 

exposed to 

DMT in 

pregnancy”)

CAs, 

preterm 

birth, low 

birth weight

Yes: 

Age, disease duration. BMI, 

smoking, relapse, steroid 

use, gestational week

CAs OR 0.3 (95% CI 0.07– 

1.23), MCAs OR 0.2 (95% CI 

0.04–1.01), preterm birth OR 

0.54 (95% CI 0.23–1.29)

No firm 

conclusions 

can be 

drawn

Selection: *** 

Comparability: ** 

Outcome: * 

6 points

Thiel, Germany, 

201629

Cohort 

study

German pregnancy 

MS registry; 

telephone interviews 

every 3 months or 

visit to the outpatient 

clinic in Bochum, 

2008–2013

IFNβ 251 194 “MS, not 

exposed to 

DMT in 

pregnancy”

Mean birth 

weight and 

length, 

preterm 

birth, CAs

Yes: 

Age, BMI, smoking, steroid 

use, relapses, sex of the 

child

MCAs: OR 0.53 (95% CI 0.2– 

1.41), preterm birth OR 0.6 

(95% CI 0.29–1.22), SGA OR 

0.77 (95% CI 0.26–2.22)

No firm 

conclusions 

can be 

drawn

Selection: **** 

Comparability: ** 

Outcome: *** 

9 points

Portaccio, Italy, 

201831

Cohort 

study

Neurological service 

of 19 hospitals, 

standardized 

information forms, 

2009–2015 and 2002– 

2008

NZB, IFNβ NZB exposed n= 

69, IFN exposed 

n=88

341 (318 

unexposed or 

exposed to 

DMT injectable 

therapy, 23 

previously 

exposed to 

NZB)

CAs, 

preterm 

birth, birth 

weight and 

length

Yes:  

Maternal age, disease 

duration, educational level, 

previous pregnancies and 

abortions, smoking, alcohol 

or substance exposure, 

gestational age, sex of the 

child

Preterm birth OR 2.1 (95% 

CI 1.2–3.7) between IFNβ- 

exposed and reference group; 

ratios of CAs not reported 

due to low numbers

Higher risk 

of preterm 

birth in 

IFNβ- 

exposed 

group

Selection: **** 

Comparability: ** 

Outcome: *** 9 

points

(Continued)

C
linical Epidem

iology 2023:15                                                                                                      
https://doi.org/10.2147/C

LEP.S392273                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                         

381

D
o

v
e

p
r
e

s
s
                                                                                                                                                       

A
ndersen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 (Continued). 

First Author, 
Country, Year

Study 
Design

Population Type of 
Medication

Maternal MS + 
DMT 
Exposure, n

Reference 
Group, n

Neonatal 
Outcomes

Adjusted for 
Confounders

Main Results (95% CI) Overall 
Conclusion

NOS Score

MacDonald, 

USA, 201914

Cohort 

study

THS, claims; 

commercially insured 

population, 2011– 

2015

GA, 

IFNβ, 

NZBDF, 

FLM

Overall women 

with MS and 

DMT n=574, GA 

n=225, IFNβ 
n=118, NZB 

n=39, DF n=19, 

FLM n=18

1075 (women 

with MS, no 

DMT)

Preterm 

birth, IUGR, 

CAs

Yes: Age, delivery 

region, year of delivery, 

pre-pregnancy relapses

Overall DMT exposure: 

preterm birth RR 1.22 (95% 

CI 0.9–1.64), IUGR RR 0.93 

(95% CI 0.62–1.38), MCAs 

RR 1.49 (95% CI 0.7–3.0)

No firm 

conclusions 

can be 

drawn

Selection: **** 

Comparability: * 

Outcome: ** 

7 points

Korjagina, 

Finland, 202127

Cohort 

study

Finnish and Swedish 

registries and 

databases, 2005–2014 

and 1996–2014

IFNβ 718 (MS + only 

IFNβ), stratified 

for duration of 

treatment before 

pregnancy: <2 

years, 3–5 years, 

>5 years

1397 (MS and 

no DMT)

“Serious 

adverse 

pregnancy 

outcomes”, 

MCAsa

Yes:  

Performed if the 

prevalence results 

indicated modified effect of 

IFNβ in specific strata

“Serious adverse pregnancy 

outcomes”, treated >5 years 

OR 1.68 (95% CI 0.63–4.48), 

MCAs, treated >5 years OR 

1.93 (95% CI 0.66–5.66)

No firm 

conclusions 

can be 

drawn

Selection: **** 

Comparability: ** 

Outcome: *** 

9 points

Andersen, 

Denmark, 

202239

Cohort 

study

Danish registries and 

databases, 2013–2018

TFL 28 364 (matched 

from 

background 

population)

Low Apgar, 

preterm 

birth, SGA, 

CAs

Yes:  

Prior abortion, prior CS, 

parity, education

“Any adverse outcome” OR 

1.03 (95% CI 0.5–2.13)b
No firm 

conclusions 

can be 

drawn

Selection: **** 

Comparability: * 

Outcome: *** 

8 points

Andersen, 

Denmark, 

202318

Cohort 

study

Danish registries and 

databases, 1997–2018

GA 

IFNβ 
NZB 

DF

1009 1073 (women 

with MS, no 

DMT)

Preterm 

birth, SGA, 

low Apgar, 

CAs, 

stillbirth, 

any adverse 

event

Yes:  

Prior abortion, maternal 

age, education, prior CS, 

calendar year of birth

Any adverse event 1.05 (95% 

CI 0.84–1.30), preterm birth 

OR 1.1 (95% CI 0.72-1.72), 

SGA OR 1.32 (95% CI 0.75- 

2.33), APGAR <7 n/a, CAs 

OR 1.59 (95% CI 0.88-2.86)

No firm 

conclusions 

can be 

drawn

Selection: **** 

Comparability: * 

Outcome: *** 

8 points

Notes: 0–9 points. *= 1 point, **= 2 points, ***= 3 points, ****= 4 points. a”Serious adverse pregnancy outcomes” include elective terminations of pregnancy due to fetal anomaly, live births with MCAs and stillbirths, b”Any adverse 
outcome” includes low Apgar score, preterm birth, small for gestational age, congenital anomalies and stillbirth. 
Abbreviations: NOS, Newcastle-Ottawa quality assessment Scale for cohort studies; TIS, Teratology Information Service; MS, multiple sclerosis; GA, glatiramer acetate; IFNβ1a, interferon-beta 1a; IFNβ1b, interferon-beta 1b; DMT, 
disease-modifying treatment; CAs, congenital anomalies, MCAs, major congenital anomalies; EDSS, Expanded Disability Status Scale; CS, cesarean section; NZB, natalizumab; DF, dimethyl fumarate; FLM, fingolimod; IUGR, intrauterine 
growth restriction; TFL, teriflunomide.
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Table 3 In Utero Exposure to Maternal Multiple Sclerosis Health Outcomes During Childhood and Adolescence (1 Month to 18 Years)

First Author, 
Country, Year

Study 
Design

Population Maternal MS 
Exposure, n

Reference 
Group, n

Outcome, n Adjusted for 
Confounders

Main Results Overall Conclusion NOS Score

Andersen, 

Denmark, 

201840

Cohort 

study

Danish registries and databases, 1996– 

2002; proxies/data from questionnaires 

filled out by parents and teacher, when 

children aged 11 years

N=40 for total 

difficulties 

(subgroup 1), 

n=17 for 

mental 

disorders 

(subgroup 2)

16,829 

(subgroup 1), 

42,016 

(subgroup 2)

Any 

psychiatric 

diagnoses 

(subgroup 1), 

total 

difficulties 

(subgroup 2)

Yes: 

Sex of the child, 

social status of the 

mother

Subanalysis 1: total 

difficulties OR 0.91 

(95% CI 0.41–1.98); 

subanalysis 2: any 

psychiatric disorder 

OR 0.63 (95% CI 

0.21–1.72)

No firm conclusions can be 

drawn

Selection: *** 

Comparability: * 

Outcome: ** 

6 points

Strom, Norway, 

202126

Cohort 

study

Norwegian registries and databases 

1990–2012, children who survived to 2 

years of age; information on maternal MS 

from the birth registry and CP diagnoses 

among children were obtained from the 

insurance scheme and the patient registry

n=1100 

(children 

exposed to 

maternal MS)

1,360,149 

(background 

population)

Cerebral palsy Yes:  

Year of birth, 

maternal disease 

status in the birth 

registry, maternal 

age, education and 

single motherhood

Cerebral palsy RR 1.8 

(95% CI 0.8–4.4)

No firm conclusions can be 

drawn

Selection: *** 

Comparability: * 

Outcome: *** 

7 points

Razaz, Canada, 

201633

Cohort 

study

Canadian registries and databases, British 

Columbia, 1994–2006

543 (50% of 

children 

exposed during 

pregnancy)

2211 

(matched 

reference 

group)

EDI 

measurements

Yes:  

Parental mental 

comorbidity, 

parental physical 

comorbidity, the 

duration of 

parental MS, 

parental disability 

level

Vulnerability on one 

or more domains of 

the EDI OR 0.75 

(95% CI 0.60–0.95)

Lower risk of vulnerability 

among children of women 

with MS

Selection: **** 

Comparability: * 

Outcome: *** 

8 points

Razaz, Canada, 

201634

Cohort 

study

Canadian registries and databases, British 

Columbia, 1985 −2011

727 (not all of 

these children 

were exposed 

during 

pregnancy)

2916 

(matched 

reference 

group)

Mood or 

anxiety 

disorders in 

childrena

Yes: 

Socio-economic 

status, parental 

mental morbidity, 

parental physical 

morbidity, parental 

sex

HR 1.7 (95% CI 1.1– 

2.4), adjusted HR 1.4 

(95% CI 0.9–2.1)

Children of mothers with 

MS had higher rates of 

mood or anxiety disorders; 

adjustment for mental 

health morbidity in 

mothers diminished the 

association

Selection: **** 

Comparability: * 

Outcome: *** 

8 points

Notes: 0–9 points. *= 1 point, **= 2 points, ***= 3 points, ****= 4 points. Childhood development measured via teacher reports every 1–3 years from 5 years of age. 104 binary and three-category items designed to tap five core areas of 
early childhood development. aRanged from poor adjustment reactions and anxiety state to phobic disorders, obsessive–compulsive disorders, affective psychoses and neurotic depression. 
Abbreviations: NOS, Newcastle–Ottawa quality assessment Scale for cohort studies; MS, multiple sclerosis; EDI, Early Development Instrument.
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Preterm Birth
Nine of the group 1 studies reported on the outcome of preterm birth. Two of these studies found a significantly increased 
risk of preterm birth in women with MS.12,14 MacDonald et al used the Truven Health MarketScan Database (2011– 
2015; Truven Health Analytics Inc, Ann Arbor, Michigan) and the Nationwide Inpatient Sample (2007–2011) to identify 
birth cohorts. Women with MS were compared with the background population, and they found an RR of 1.19 (95% CI 
1.04–1.35) for preterm birth in the Truven Database and RR 1.30 (95% CI 1.16–1.44) for preterm birth in the Nationwide 
Inpatient Sample.14 The main limitation of the Truven Health MarketScan Database was that 728,337 pregnancies 
(39.8%) were excluded owing to non-continuous enrollment during the period from 90 days before the last menstrual 
period to the delivery date, which could introduce selection bias. However, they have made a comparison of some of the 
covariates on the included and excluded women, stating them to be similar beside year of birth. In a study by Chen et al 
from Taiwan, the OR for preterm birth was 2.25 (95% CI 1.37–3.70).12 Comparison was made with an age-matched 
control group without any diseases. From our perspective, the two studies missed adjustment for some important 
potential confounders, such as maternal comorbidities, smoking, body mass index (BMI) and medical treatment. None 
of the other six studies reporting on preterm birth as an outcome had sufficient statistical power to draw conclusions on 
the risk of preterm birth.24,25,32,36–38

SGA and Low Birth Weight
Six studies reported SGA and three of them found a significantly increased risk, with OR 1.29–1.89, among children of 
women with MS compared to a reference group without MS.12,24,25 The study by Chen et al found an increased risk of 
SGA, with OR 1.89 (95% CI 1.29–2.70). It is worth noting that the study is classified as being nationwide and population 
based, but the cohort consists of only 174 women with MS compared with 1392 healthy controls, and the population of 
the island consists of 23 million people.12 One must therefore assume that the cohort constitutes only a small proportion 
of the women on the island with MS giving birth. A study by Dahl et al found an increased risk of SGA, with OR 1.45 
(95% CI 1.14–1.84), in the MS group compared to the background population.25 A study by Goldacre et al found an 
increased risk of low birth weight <2000 g, with OR 2.7 (95% CI 1.10–6.60), but based on only five cases in the MS 
group, which should probably be interpreted as a random distribution.32 In contrast to these studies, three other studies 
reporting on SGA did not find any significant differences. Goldacre et al found an equal distribution, with OR 1.0 (95% 
CI 0.60–1.80), in their dataset from 1970–1989.32 Dahl et al found OR 1.20 (95% CI 0.99–1.45) in their study on 
a sample of MS patients in Norway.25 Mueller et al reported on the outcome of low birth weight <2500 g unadjusted for 
gestational age, and found RR 0.9 (95% CI 0.50–1.70).36 MacDonald et al reported on the outcome of poor fetal growth 
(diagnosed before birth) in their two study cohorts from different databases, and found OR 1.03 (95% CI 0.87–1.19) and 
OR 1.23 (95% CI 0.94–1.54). They did not present data on birth weight results in their study.14

Low Apgar Score
Three studies reported on low 5-minute Apgar score. None of these found an increased risk among children of women 
with MS.24,32,36 The Danish cohort study by Andersen et al reported an outcome called “signs of asphyxia”, including 
elements from the Apgar evaluation together with umbilical cord blood sample. This outcome was lower in the exposed 
group of children born to women with MS, with OR 0.87 (95% CI 0.78–0.97).24

Congenital Anomalies
Six of the group 1 studies reported on the outcome of congenital anomalies. MacDonald et al found OR 0.85 (95% CI 
0.59–1.12) for congenital anomalies among offspring of women with MS,14 but only reported on major anomalies, 
whereas Weber-Schoendorfer and Schaefer reported OR 3.34 (95% CI 0.62–11.55) in the MS group, and they counted 
both minor and major anomalies.37 The confidence interval shows the low statistical precision, and the study was too 
small to provide firm conclusions. In the largest cohort study, by Andersen et al, the OR for congenital anomalies was 
1.02 (95% CI 0.87–1.19).24 Mueller et al found RR 0.6 (95% CI 0.10–2.30) for congenital anomalies.36 The two 
Norwegian studies by Dahl et al did not report on the number of congenital anomalies, but just reported that they did not 
find any differences regarding congenital anomalies.11,25 Soler et al compared women with “pre-MS” and “post-MS”, but 
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had no healthy controls in their study.13 They found OR 0.66 (95% CI 0.30–1.14) for congenital anomalies in women 
with pregnancy prior to MS diagnosis, compared with women who became pregnant after MS was diagnosed.

Stillbirths
Stillbirth was defined differently in the seven studies that reported on this outcome. The study by Fong et al found a risk 
of “fetal demise” in the MS group, with OR 1.6 (95% CI 0.90–3.10),38 whereas the largest study cohort, by Andersen 
et al (n=2930 women with MS), found OR 1.17 (95% CI 0.68–2.00) for stillbirth.24 Both cohort studies are, however, not 
large enough to draw a significant conclusion on this rare outcome. Mueller et al studied a cohort of differently insured 
MS patients giving birth at non-federal hospitals in Washington State, and found OR 1.1 (95% CI 0.30–5.10) on the 
outcome “infant death”, but did not further defined whether death was before or after birth.36 Goldacre et al found no 
stillbirths in their study group32 and Dahl et al reported “no difference” on the outcome “perinatal mortality”, but did not 
present their results as numbers.11,25 MacDonald et al found OR 0.82 (95% CI 0.23–1.52) and OR 0.96 (95% CI 0.50– 
1.48) in their two study cohorts.14,35

Group 2 Studies: In Utero Exposure to Medications to Treat Maternal MS and 
Short-Term Outcomes in the Offspring (Birth and Neonatal)
We found nine studies matching group 2 criteria. Eight reported on the outcome of congenital anomalies and preterm 
birth. Four studies reported on the outcome of SGA, low birth weight or intrauterine growth restriction (IUGR). Two 
studies meeting our criteria reported on the outcome of stillbirth. A systematic review and meta-analysis of pregnancy 
and fetal outcomes among women with MS and DMT was published in 2020.21 Here, Lopez-Leon et al included studies 
from the period January 2000 to August 2019 and reviewed the current literature on the impact of DMT. In contrast to 
this review, studies without calculated risk estimates were included. In their meta-analyses, they found no increased risk 
of preterm birth after stratification according to glatiramer acetate (two studies, n=288), with RR 0.79 (95% CI 0.56– 
1.12), interferon-β (four studies, n=704), with RR 0.92 (95% CI 0.58–1.46), or natalizumab (two studies, n=79), with RR 
0.82 (95% CI 0.57–1.18). In all studies, the exposed children were compared with children of mothers with MS who did 
not take DMT before or during pregnancy. Regarding major congenital anomalies, they found four studies reporting this 
outcome among children exposed to interferons (n=423), with RR 0.70 (95% CI 0.3–1.6), and glatiramer acetate (n=188), 
RR 0.58 (95% CI 0.16–2.12).

Only a few additional papers have been published in this category since the study by Lopez-Leon et al.21 Three 
studies, published in the period January 2019 to February 2023, met our inclusion criteria. A Swedish cohort study 
focused on interferon-β-exposed children (n=718),27 and one Danish cohort study focused on teriflunomide-exposed 
children (n=49)39 and another on injectable first-line treatments, dimethyl fumarate and natalizumab-exposed children 
(n=711 liveborns).18 None of the three studies found significant differences in the risk of adverse short-term birth 
outcome between DMT-exposed and unexposed children.

Group 3 Studies: Maternal MS and Long-Term Health Outcomes in the Offspring 
(from 1 Month to 18 Years)
We included four studies that reported on long-term outcomes in children.26,33,34,40 Two of the studies reported on psychiatric 
outcomes, one study reported on educational outcome and one study on neurological outcome. Andersen et al studied mental 
health at age 11 years among children of women with MS and did not find an association with psychiatric diagnoses, compared 
to children of mothers without MS.40 A register study by Strom et al followed a total of 1,360,149 Norwegian children for 
a period of 2–24 years. A total of 3575 children were diagnosed with cerebral palsy in the background population (2.6 per 1000 
live births), and among children of mothers with MS, they found an increased prevalence of 3 per 1000 live births with cerebral 
palsy, RR 1.8 (95% CI 0.80–4.40). The result was not statistically significant.26 Razaz et al examined vulnerability in the social 
development domain according to the Early Development Instrument among 1- and 3-year-old children of parents with MS. 
Children exposed to maternal MS had a lower risk of vulnerability compared to children of women without MS, OR 0.75 (95% 
CI 0.60–0.95).33 Razaz et al also examined mood and anxiety disorders, ranging from poor adjustment reactions and anxiety to 
phobic disorders, obsessive–compulsive disorders, affective psychoses and neurotic depression, among children of parents 
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with MS in another set-up. Outcomes of interest were identified using a combination of hospital diagnoses, outpatient 
physician diagnoses and prescription drug claims. In children of women with MS, the HR for the combined outcome “mood or 
anxiety disorders” was 1.7 (95% CI 1.10–2.40), but it decreased when adjusting for maternal mental comorbidity, HR 1.4 
(95% CI 0.90–2.10).34

Discussion
Our objective was to provide an overview of the existing literature on the reproductive area of women with MS and to 
identify the research gaps in this area. Solid knowledge about short- and long-term child outcomes is imperative for 
clinicians to adequately counsel women with MS in reproductive matters. The studies pointed towards an increased risk 
of preterm birth and SGA among women with MS. In terms of women with MS treated with DMT prior to or during 
pregnancy, no clear conclusions could be drawn. The few studies on long-term child outcomes focused mainly on 
neurodevelopmental and psychiatric impairments, and one study reported on the long-term risk of cerebral palsy among 
children of women with MS. None of these studies reported any significant findings. In this systematic review, we have 
highlighted the research gaps on the impact of maternal MS on offspring health.

We focused on adverse offspring outcomes, such as low birth weight, SGA and preterm birth, which are outcomes 
that are important predictors of neonatal and childhood morbidity and mortality, but also predictors for morbidities in 
adulthood.41 Long-term health outcomes normally include the risk of diseases and development in the offspring during 
childhood, adolescence or as far as the follow-up time allows. However, the impact of maternal MS on long-term child 
outcomes has received minor attention, and we found only four studies on long-term child outcomes. One reason why 
this is the case may be related to the high demand for appropriate datasets with complete and long follow-up time on all 
individuals. We know from the literature that children of parents with MS have a minor increased risk of developing MS 
themselves,42 but otherwise we know very little about the impact of in utero exposure to maternal MS, DMT and the 
influence on the risk of the offspring developing diseases in the first years of life, and during childhood and adolescence.

We found results pointing towards children of women with MS being at higher risk of adverse birth outcomes, such as 
being born preterm, SGA or with low birth weight, but with the proviso that the relevant studies mostly were of mediocre 
quality (NOS scores 5–8). A significantly increased risk of congenital anomalies or stillbirth was not found in any of the 
present studies, which were, however, often underpowered to study this outcome. Furthermore, most of the exposed 
cohorts in this category were a mixture of patients with and without DMT and were not stratified for this, which means 
that the results have a limited applicability. Regarding the outcome of congenital anomalies, this is not a very well- 
described outcome in the available literature and, together with the outcome of stillbirth, no studies had the required 
statistical power to conclude on the calculated risk estimates. Typically, the cohorts were not only exposed to MS and not 
compared to healthy controls either, which would be the preferred study design on which to draw conclusions. We 
conclude that none of the present studies has the statistical power to conclude on the risk of congenital anomalies or 
stillbirth with certainty.

Regarding medical treatment of young women with MS, there are currently two preparations generally recognized by 
the European Medicines Agency and the American Food and Drug Administration as potential treatment options during 
pregnancy. These are the two most commonly used drugs for pregnant women with MS:35,43 glatiramer acetate, which 
hypothetically induces Th2 cells to release cytokines that are able to suppress inflammatory processes in the MS lesions, 
and interferon-β, which, among other things, reduces the expression of adhesion molecules of the lymphocytes and 
thereby the passage of activated T cells across the blood–brain barrier. Glatiramer acetate and interferon-β do not appear 
to increase the risk of adverse birth outcomes and are already prescribed for use during pregnancy to a great extent, but 
regarding the long-term health consequences in the offspring there is a critical research gap. These two preparations have 
been used for almost 25 years, and long-term consequences after maternal use at the time of conception ought to have 
been an important research area. The issue is naturally a great concern for young women with MS who are considering 
having children. To the best of our knowledge, no study has yet examined the association between maternal use of 
specific MS medication around the time of conception and long-term health consequences in the offspring.

Studies in the past decade have intended to shed light on the consequences in the offspring of in utero exposure to 
these preparations affecting the immune system, but the studies have been based on small cohorts, and the results have 
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been divergent and characterized by exposure and outcome inhomogeneity. Therefore, a potential negative impact on the 
fetus still has to be investigated. Patients worry about the impact of MS and MS medication on short- and long-term 
health consequences in the offspring, and some women will choose not to continue their DMT during pregnancy37 or will 
decide not to have children owing to the lack of knowledge in this area.3 The authors found a number of pharmacov-
igilance studies produced by pharmaceutical companies, but since they lack control groups, these studies do not have the 
methodological quality to enable safety conclusions to be drawn from them. In addition, we decided to exclude studies 
that focused on biometric measures, emotional and behavioral difficulties or educational achievements in the offspring, 
instead of risk estimates of diseases in offspring of women with MS.44–46

To be able to provide precise results on rare and serious outcomes such as stillbirth and congenital anomalies, we 
need methodologically solid studies based on a larger number of children. We can fully endorse the conclusion from the 
systematic review and meta-analysis from 2020 by Lopez-Leon et al, that future studies including internal comparators 
are still needed.21

The cumulative amount of data is indeed sparse and there is a great need for more evidence in this area. There is still 
a large gap in the literature with regard to studies on long-term somatic health outcomes among children of women with 
MS, and only a few studies exist on the association between maternal MS and long-term health outcomes in the 
offspring. One study reported on the outcome of cerebral palsy, but the rest were on mental and social outcomes, which 
could be related to growing up in an environment with a parent with MS rather than the intrauterine exposure to the 
disease. It is challenging to advise patients about the safety of medications with regard to exposed offspring when most 
studies on adverse consequences in the offspring only look at outcomes within the first year of life.

Future studies on long-term health consequences in the offspring of mothers with MS are important for these patients.
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