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Abstract
Objective
To investigate differences in pregnancy-related and perinatal out-
comes in women with multiple sclerosis (MS) compared with the
general population.

Methods
We conducted a cross-sectional study including pregnancies from Jan-
uary 1, 1997, to December 31, 2016, to women registered in the Danish
Multiple Sclerosis Registry (the study cohort). Pregnancy-related and
perinatal outcomes were compared with a randomly selected subcohort
of pregnancies from the general population (the comparison cohort)
using logistic regression adjusted for possible confounders.

Results
In total, 2,930 pregnancies were included in the study cohort and 56,958 pregnancies in
the comparison cohort. No differences were found in pregnancy-related complications
(preeclampsia/gestational diabetes or placenta complications), emergency caesarean sec-
tion (c-section), instrumental delivery, low Apgar score, stillbirth, preterm birth, or con-
genital malformations. Elective c-section (odds ratio [OR] 1.89 [95% confidence interval
(CI) 1.65–2.16]), induced delivery (OR 1.15 [95% CI 1.01–1.31]), and being born small
for gestational age (SGA) (OR 1.29 [95 %CI 1.04–1.60]) had a higher prevalence in the
study cohort, whereas the prevalence of signs indicating asphyxia was lower in the study
cohort (OR 0.87 [95% CI 0.78–0.97]) relative to the comparison cohort.

Conclusion
We found a higher prevalence of elective c-sections, induced delivery, and infants being
SGA among newborns to women with MS, whereas the prevalence of asphyxia was lower in
the study cohort. There were no significant differences in severe adverse perinatal out-
comes when comparing women with MS and their newborns with those of the general
population.

Pregnancy and childbirth in women with multiple sclerosis (MS) are not considered high-risk
clinical issues; however, some outcomes are still a matter of debate.
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Womenaccount for approximately 75%ofpatientswithMS1 and are
commonly diagnosed at age 20–40 years—their reproductive years.2

MS is a progressive, immune-mediated, neurologic disease, and its
treatment is complex and requires careful consideration of several
long-term and short-term factors, of which family planning should be
included.

Today, women diagnosed with MS (wwMS) are not discour-
aged from having children, although the risk of pregnancy-
related complications and adverse perinatal outcomes remains
debated. Several studies have investigated pregnancy compli-
cations and perinatal outcomes in wwMS compared with the
general population with diverging results and no affirmative
conclusions.3–9 Some studies have reported no differences in
outcomes related to either mother or child,6,10,11 whereas
others reported differences in rates of induction of delivery3

and caesarean section (c-section),3,4,7 lower Apgar score,5 in-
creased risk of assisted delivery,8 infections during pregnancy,
and preterm delivery.9

Denmark has universal health care and nationwide population-
based registers that provide excellent possibilities for epidemi-
ologic research with high generalizability. The objective of this
study was to investigate whether the prevalence of pregnancy-
related outcomes in wwMS and perinatal outcomes in new-
borns of wwMS differed from those of the general population
using nationwide register-based data fromTheDanishMultiple
Sclerosis Registry (DMSR)12 and registers on pregnancy-
related complications and perinatal outcomes.

Methods
Study Design and Study Population
We conducted a cross-sectional study using nationwide data
in which we included all births to women registered in the
DMSR resulting in either live or stillbirth from January 1,
1997, to December 31, 2016, “the study cohort.” The
DMSR12 provided data on wwMS confirmed by a neurolo-
gist according to the diagnostic criteria of the time.13–15 We
compared pregnancy-related and perinatal outcomes in the
study cohort with births from the general population, “the
comparison cohort.” The comparison cohort consisted of a
5% random sample of women from the general population
and their births randomly identified through the Danish Civil
Registration System.16 Flowcharts of the study and com-
parison cohorts are illustrated in figures 1 and 2, respectively.

Data Sources
The DMSR is a nationwide population-based registry estab-
lished in 1956.17 The DMSR continuously collects information
on patients diagnosed with MS: demographical, clinical, and
paraclinical data such as date of onset and diagnosis, relapses,
Expanded Disability Status Scale (EDSS), and disease-
modifying therapy (DMT). Since 1996, it has been manda-
tory for all 14 neurologic departments in Denmark to regularly
report follow-up data on all patients treated with DMT.18 Data
from the DMSR were linked to national health registries by use
of the unique 10-digit personal identification number which all
Danish inhabitants have.

Figure 1 Inclusion Flowchart of the Study Cohort
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TheDanishNational Patient Register (DNPR)was established in
1977 and encompasses all contacts from public and private hos-
pitals or outpatient clinics in Denmark. It contains demographic
data, diagnosis, information on type of contact, and dates.19 The
DNPR provided demographic information on the women in-
cluded and abortions (both spontaneous and medically induced
abortions). The Register of Legally Induced Abortions (RLIA)
contains data on all induced abortions performed in Denmark
including those from private physicians licensed to perform legal
abortions,20 hence added data from private physicians not avail-
able from the DNPR. The Danish Medical Birth Register
(DMBR)21 was established in 1973 and contains specific vari-
ables on pregnancy, delivery, and perinatal outcomes registered
by health care professionals during pregnancy and birth. Di-
agnoses are based on the Danish Healthcare Classification Sys-
tem including International Classification of Disease codes (version
10) (ICD-10).21 The date of conception was defined as the birth
date subtracted the gestational age in days. The Population’s
Education Register was established in 1981 and provides in-
formation on individual education achievements.22

Outcomes and Covariates
Outcomes
Pregnancy-related outcomes were defined as pregnancy-related
complications, namely, preeclampsia (ICD-10: O14 with sub-
codes), gestational diabetes (ICD-10: O24.4 and O24.9), and
placenta complications (placenta abruptio or placenta accreta)
confirmed by a health care professional at birth.

Delivery mode was classified into spontaneous delivery
(ICD-10: O80, O80.0, O80.1, O80.8, O80.9, and O83.8),

emergency c-section (ICD-10: O82.1, a, b, and c), elective c-
section (ICD-10: O82, O82.0, O82.2, O82.8, and O82.9),
induced delivery (ICD-10: O80.2, O80.3, and O83.8a), or
instrumental delivery (ICD-10: O81 with subcodes O83.2).

Perinatal Outcomes
Preterm birth was defined as delivery before gestational week
37 and stillbirth as birth of a dead fetus after completion of
gestational week 22 in accordance with the literature.23 Small
for gestational age (SGA) was defined as birth weight below
the mean minus 2 times SDs as described by Sankilampi
et al.24 and their standards were used as reference. SGA was
calculated for each gestational week and separately for boys
and girls.

A low Apgar score was defined as below 7. It is used as a quick
assessment of the postnatal condition of the newborn and is
defined as “reassuring of normality” if the score is above 6
points.25 Signs of asphyxia are partly based on components
from the Apgar evaluation and partly from umbilical cord
blood analysis.23

Congenital malformations are usually recorded at birth but
may be retrospectively registered within the first year of
life.21 A congenital malformation in this study was defined as
a registration of at least one of the ICD-10 codes: Q00-99.

Covariates
Covariates were chosen based on existing knowledge from the
literature. Calendar year of birth was categorized into 5 groups of
4-year intervals (1997–2000, 2001–2004, 2005–2008, 2009–2012,

Figure 2 Inclusion Chart of the Comparison Cohort
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and 2013–2016) and introduced in the models to adjust for a
possible cohort effect. Highest attained educational level of the
mother was categorized into 4 groups (edu1, primary school
equivalent to 9 years; edu2, secondary school equivalent to 10–12
years; edu3, vocational education/short or medium higher edu-
cation equivalent to bachelor equivalent to 13–16 years; and edu4,
longer higher education above bachelor equivalent to more than
16 years) as previous studies have shown an inverse association
between educational level and adverse perinatal outcomes.26

Maternal age at birth was categorized into 4 groups (<25 years,
25–30 years, 31–35 years, and >35 years) as increased maternal
age is associated with the risk of adverse outcome for bothmother
and neonate.27 Prior abortions and c-sections were adjusted for as

binary variables (yes/no) as both have been shown to be associ-
ated with the risk of adverse perinatal outcomes.28 Parity, in-
cluding prior stillbirth, was categorized into 3 groups defined by
the index pregnancy (primipara, secundipara, or multipara).

Statistical Analyses
Baseline demographic and clinical characteristics are presented
as frequencies with corresponding percentages for categorical
variables. Continuous variables were summarized using mean
and SD or median and interquartile range as appropriate.

Complete-cases analyses were used to estimate the preva-
lence of the pregnancy-related and perinatal outcomes by
calculating the point prevalence for the full cohort.

We used logistic regression to calculate odds ratios (ORs)with 95%
confidence intervals (CIs) for the association between MS and
pregnancy/perinatal outcomes for both binary and multinomial
outcomes using the SAS proc GEE (generalized estimating equa-
tions)procedure toaccount for theclusterednatureofdata.Analyses
were performed both unadjusted and adjusted for clinically relevant
covariates. Statistical significance was defined as p < 0.05. SAS En-
terprise Guide version 7.15 was used for all statistical analyses.

We used backward elimination to identify possible predictors of
those outcomes found to be significantly associated with MS in
the main analysis. Only the study cohort consisting of births of
wwMS was included in this analysis. We included all variables
from the fully adjustedmodels plus exposure to DMT defined as
maternal DMT treatment (both first- and second-line drugs)
within 6 months before conception (DMT-exposed newborns).
The significance level for staying in themodel was set to p < 0.05.

The following subanalyses were performed: (1) a complete-
case analysis with further adjustment for prepregnancy body
mass index (BMI) (binary; normal 15–24.9 and overweight
25–60) when this information was available after 2003 and (2)
predictor models among a subgroup of the study cohort with
an available EDSS score up to 2 years before conception. Only
outcomes found to be statistically significantly associated with
having MS in the main analyses were investigated.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the Danish Data Protection
Agency (j.nr.:2012-58-0004). Noninterventional register-
based studies do not require ethical approval in Denmark.

Data Availability
Anonymized data will be shared on request from any quali-
fied researcher under approval from the Danish Data Pro-
tection Agency.

Results
We included 2,930 births in the study cohort (2,916 live births and
14 stillbirths) of 1,953 individual women with onset of MS before

Table 1 Demographic and Clinical Characteristics of the
Study Cohort of wwMS (n = 2,930) and the
Comparison Cohort (n = 56,958)

Study
cohort
N = 2,930

Comparison
cohort
N = 56,958

Maternal age at child birth

Mean year, (SD) 31.2 (±4.5) 29.9 (±4.9)

<25 years, n (%) 185 (6.3) 7,577 (13.3)

25–30 years, n (%) 1,123 (38.3) 23,980 (42.1)

31–35 years, n (%) 1,096 (37.4) 17,900 (31.4)

>35 years, n (%) 526 (18%) 7,501 (13.2)

Child’s calendar year of birth

1997–2000, n (%) 497 (16.9) 12,164 (21.4)

2001–2004, n (%) 576 (19.7) 11,822 (20.8)

2005–2008, n (%) 697 (23.8) 11,914 (20.9)

2009–2012, n (%) 631 (21.5) 10,957 (19.2)

2013–2016, n (%) 679 (23.2) 10,101 (17.7)

Maternal disease duration at child’s
birth

Mean year (SD) 6.38 (±4.75) n/a

0–3 years, n (%) 956 (32.6) n/a

4–6 years, n (%) 697 (23.8) n/a

7–9 years, n (%) 598 (20.4) n/a

>9 years, n (%) 679 (23.2) n/a

DMT exposurea

First line, n (%)b 740 (25.3) n/a

Second line, n (%)c 111 (3.8) n/a

No use, n (%) 2,079 (70.9) n/a

Abbreviations: DMT = disease-modifying therapy; MS = multiple sclerosis;
wwMS = women with multiple sclerosis.
a Maternal DMT within 6 months before conception.
b Interferon β, teriflunomide, glatiramer acetate, and dimethyl fumarate.
c Fingolimod, mitoxantrone, natalizumab, alemtuzumab, rituximab, and
methotrexate.
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conception (figure 1). The pregnancy-related complications and
perinatal outcomeswere comparedwith 56,958 births (56,737 live
births and 221 stillbirths) of 32,767 individual women from the
general population (figure 2). Each pregnancy was treated as an
individual pregnancy in the descriptive statistics.

wwMS (mothers of the study cohort) were slightly older than
mothers of the comparison cohort when giving birth (mean age of
31.2 years vs 29.9 years), respectively. wwMS had a mean disease
durationof6.38years (±4.75)whengiving birth, and theirmean age
at disease onset was 25.9 years (±5.4) as presented in table 1.

Pregnancy-Related Outcomes
A lower odds of placenta complications was found in the study
cohort (OR 0.62, 95% CI 0.40–0.94) relative to the comparison
cohort, although the prevalencewas very low in both cohorts (0.8%
in the study cohort vs 1.2% in the comparison cohort) (table 2).No
difference in odds of other pregnancy complications was found
between the 2 cohorts (OR 0.93, 95% CI 0.77–1.13) (table 2).

Delivery Mode–Related Outcomes
The prevalence of spontaneous deliveries was 55.4% and
62.9% in the study cohort and the comparison cohort, re-
spectively (table 2). Compared with spontaneous delivery,
the odds of elective c-section (OR 1.89, 95% CI 1.65–2.16)

and induced delivery (OR 1.15, 95% CI 1.01–1.31) were
higher in the study cohort.

Perinatal-Related Outcomes
The odds of signs of asphyxia were lower among newborns of
wwMS (OR 0.87, 95% CI 0.78–0.97), whereas the odds of being
born SGA was higher in the study cohort (OR 1.29, 95% CI
1.04–1.60)when comparedwith the comparison cohort (table 2).

Predictor Analyses Among Births of Women
With MS
Maternal age above 35 years was associated with higher odds
of elective c-section, as were previous c-section, DMT ex-
posure (all p < 0.0001), and giving birth between 2001 and
2012 (p = 0.003). On the other hand, being secundipara or
multipara and higher educational level were associated with
lower odds of having an elective c-section (p = 0.0001 and p
= 0.005, respectively) (table 3).

Regarding induced delivery, we found a higher odds in births of
wwMS with 2 or more previous pregnancies, whereas previous
c-section and giving birth before 2008 lowered the odds (all p <
0.0001) (table 3). Furthermore, 2 or more previous births and
births before 2008 were associated with decreased odds of signs
of asphyxia (both p < 0 .0001) (table 4).

Table 2 Association Between Pregnancy-Related and Perinatal Outcomes in the Study Cohort of wwMS (n = 2,930)
Compared With the Comparison Cohort (n = 56,958)

Nstudy cohort(%) Ncomparison cohort(%) Unadjusted OR (95% CI) Adjusteda OR (95% CI) p Value

Pregnancy-related outcomes

Placenta complicationb 22 (0.8) 663 (1.2) 0.64 (0.42–0.98) 0.62 (0.40–0.94) 0.02

Pregnancy complicationc 144 (4.9) 2,767 (4.9) 1.01 (0.84–1.22) 0.93 (0.77–1.13) 0.46

Delivery mode

Spontaneous delivery 1,614 (55.4) 35,699 (62.9) Reference Reference

Emergency c-section 317 (10.9) 6,112 (10.8) 1.15 (1.00–1.31) 1.03 (0.90–1.17) 0.68

Elective c-section 401 (13.8) 4,402 (7.8) 2.01 (1.76–2.30) 1.89 (1.65–2.16) <0.0001

Induced delivery 354 (12.1) 6,448 (11.4) 1.21 (1.07–1.38) 1.15 (1.01–1.31) 0.03

Instrumental delivery 230 (7.9) 4,076 (7.2) 1.25 (1.08–1.44) 1.13 (0.97–1.31) 0.11

Perinatal outcomes

Low Apgar score <7 18 (0.6) 367 (0.7) 0.95 (0.60–1.53) 0.90 (0.56–1.44) 0.65

Signs of asphyxia 431 (14.8) 8,763 (15.4) 0.95 (0.85–1.06) 0.87 (0.78–0.97) 0.01

Stillbirth 14 (0.5) 221 (0.4) 1.23 (0.72–2.12) 1.17 (0.68–2.00) 0.57

Congenital malformation 186 (6.4) 3,434 (6.1) 1.06 (0.91–1.24) 1.02 (0.87–1.19) 0.84

Small for gestational age 99 (3.4) 1,455 (2.8) 1.33 (1.07–1.65) 1.29 (1.04–1.60) 0.02

Preterm birth 164 (5.6) 2,813 (4.9) 1.14 (0.97–1.35) 1.12 (0.95–1.33) 0.18

Abbreviations: c-section = caesarean section; MS = multiple sclerosis; wwMS = women with multiple sclerosis.
a Adjusted for prior abortion, prior c-section, maternal age at birth (categorical), calendar year of birth (categorical), educational level (categorical), and parity
(categorical).
b Placenta accreta or placenta abruptio.
c Preeclampsia or gestational diabetes.
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Table 3 Predictors of Reproductive Outcomes Found Statistically Significant in the Study Cohort: Elective C-Section, Induced Delivery (Livebirths n = 2,916)

Entire study cohort
N = 2,916

Elective c-section Induced delivery

No. of cases with the
outcome in question
N = 401

Univariate Multivariatea No. of cases with the
outcome in question
N = 354

Univariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Prior abortion 0.26 0.51 0.05 0.42

Yes 215 (7.4%) 35 (8.7%) 1.24 (0.85–1.81) 0.26 — — 35 (9.9) 1.45 (0.99–2.12) 0.05 — —

No 2,701 (92.6%) 366 (91.3%) Ref Ref — — 319 (90.1) Ref Ref — —

Prior c-section <0.0001 0.002 <0.0001

Yes 281 (9.6%) 142 (35.4%) 9.37 (7.18–12.24) <0.0001 12.87 (9.32–17.76) <0.0001 14 (3.9) 0.35 (0.20–0.61) 0.0002 0.28 (0.16–0.49) <0.0001

No 2,635 (90.4%) 259 (64.6%) Ref Ref Ref Ref 340 (96.1) Ref Ref Ref Ref

Parity 0.009 0.0001 0.05 <0.0001

Primipara 1,336 (45.8%) 158 (39.4%) Ref Ref Ref Ref 136 (38.4) Ref Ref

Secundipara 1,122 (38.5%) 181 (45.1%) 1.43 (1.14–1.81) 0.002 0.56 (0.42–0.76) <0.0001 143 (40.4) 1.29 (1.00–1.65) 0.05 1.53 (1.18–1.98) 0.001

Multipara 458 (15.7%) 62 (15.5%) 1.17 (0.85–1.60) 0.34 0.53 (0.36–0.77) 0.0002 75 (21.2) 1.73 (1.27–2.34) 0.0004 1.94 (1.42–2.65) <0.0001

Maternal age at birth, yr <0.0001 <0.0001 0.58 0.88

<25 184 (6.3%) 14 (3.5%) 0.62 (0.35–1.10) 0.10 0.59 (0.32–1.08) 0.06 20 (5.6) 0.96 (0.58–1.58) 0.87 — —

25–30 1,118 (38.3%) 131 (32.7%) Ref Ref Ref Ref 126 (35.6) Ref Ref — —

31–35 1,092 (37.5%) 152 (37.9%) 1.22 (0.95–1.57) 0.12 1.14 (0.86–1.51) 0.27 142 (40.1) 1.18 (0.91–1.52) 0.21 — —

>35 522 (17.9%) 104 (25.9%) 188 (1.41–2.48) <0.0001 2.06 (1.49–2.85) <0.0001 66 (18.6) 1.14 (0.83–1.57) 0.42 — —

Child’s calendar year of birth 0.002 0.003 <0.0001 <0.0001

1997–2000 494 (16.9%) 42 (10.5%) 0.62 (0.41–0.92) 0.02 1.00 (0.63–1.59) 0.99 36 (10.2) 0.38 (0.25–0.56) <0.0001 0.36 (0.24–0.54) <0.0001

2001–2004 574 (19.7%) 83 (20.7%) 1.12 (0.80–1.57) 0.52 1.67 (1.13–2.46) 0.01 55 (15.5) 0.51 (0.36–0.72) 0.0001 0.50 (0.35–0.71) 0.0001

2005–2008 663 (22.7%) 112 (27.9%) 1.35 (0.98–1.85) 0.07 1.79 (1.25–2.57) 0.002 69 (19.5) 0.56 (0.40–0.78) 0.0006 0.54 (0.39–0.76) 0.0003

2009–2012 629 (21.6%) 91 (22.7%) 1.12 (0.80–1.56) 0.51 1.46 (1.01–2.10) 0.04 98 (27.7) 0.88 (0.65–1.20) 0.43 0.86 (0.63–1.17) 0.33

2012–2016 556 (19.1%) 73 (18.2%) Ref Ref Ref Ref 96 (27.1) Ref Ref Ref Ref

Educational levelb 0.02 0.005 0.16 0.24

Edu 1 387 (13.3%) 55 (13.7%) 0.87 (0.63–1.21) 0.41 0.93 (0.64–1.34) 0.68 57 (16.1) 1.42 (1.01–1.99) 0.05 — —
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Maternal age above 35 years was strongly associated with
higher odds of SGA newborns (p = 0.005) as was DMT
exposure, although only in the univariate analysis and with-
out reaching statistical significance (p = 0.11). Being
secundipara or multipara (p < 0 .0001) and a higher maternal
educational level (edu3 or 4, p = 0.001) were associated with
lower odds for SGA (table 4).

Subanalyses
The subgroup analysis included only women with an avail-
able prepregnancy BMI (study cohort 90.2% and comparison
cohort 88.7% of the eligible, respectively). It showed similar,
although slightly less precise, results than the main analysis
(table e-1, links.lww.com/CPJ/A243). Among births of
wwMS, a BMI above 25 was associated with higher odds of
elective c-section in the univariate model, but not in the
multivariate model, whereas it remained statistically signifi-
cant for induced delivery in both models (table e-2, e-3).

wwMS with an available EDSS (32.8%) had longer mean
disease duration when giving birth (7.51 years [±4.27])
compared with those without (5.84 [±4.88]). Furthermore,
82.8% of those with an available EDSS were treated with
DMT, whereas only 2.8% without available EDSS had been
treated before conception (table e-4, links.lww.com/CPJ/
A243). Other clinical characteristics were similar. Women
with a higher EDSS score (≥3) showed increased odds of
having elective c-section compared with those with an EDSS
score of <3 (tables e-5 and e-6).

Discussion
In this nationwide population-based study, we investigated
whether the prevalence of pregnancy complications and
perinatal outcomes of newborns to wwMS differed from the
general population using 20 years of follow-up data. We
found no differences in pregnancy-related complications but
higher odds of having an elective c-section and induced de-
livery among wwMS. The newborns of wwMS had lower
odds of demonstrating signs of asphyxia but higher odds of
being SGA when compared with the general population.

Among births of wwMS alone, independent predictors with
elective c-section were prior c-section; giving birth between
2001 and 2012; exposure to DMT; maternal age above 35
years; and prepregnancy EDSS ≥3. Prepregnancy BMI above
24.9 and being secundipara or multipara were associated
with a higher odds of induced delivery, whereas giving birth
between 1997 and 2012 and prior c-section showed a de-
creased odds with the same mode of delivery. Children of
mothers older than 35 years had a higher odds of being SGA,
whereas secundipara or multipara and a higher educational
level were associated with lower odds of being SGA.

Worldwide low birth weight is defined as an absolute weight
<2,500 g at birth but disregards the gestational age. SGA takesTa
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Table 4 Predictors of Reproductive Outcomes Found Statistically Significant in the Study Cohort: Small for Gestational Age, Signs of Asphyxia (Livebirths n = 2,916)

Entire study cohort
N = 2,916

Small for gestational age Signs of asphyxia

No. of cases with the
outcome in question
N = 99

Univariate Multivariatea No. of cases with the
outcome in question
N = 431

Univariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Prior abortion 0.06 0.06 0.05 0.24

Yes 215 (7.4%) 2 (2%) 0.25 (0.06–1.03) 0.06 — — 22 (5.1) 0.64 (0.41–1.01) 0.05 — —

No 2,701 (92.6%) 97 (98%) Ref Ref — — 409 (94.9) Ref Ref — —

Prior c-section 0.06 0.85 0.007 0.22

Yes 281 (9.6%) 4 (4%) 0.39 (0.14–1.06) 0.06 — — 26 (6) 0.56 (0.38–0.85) 0.007 — —

No 2,635 (90.4%) 95 (96%) Ref Ref — — 405 (94) Ref Ref — —

Parity <0.0001 <0.0001 <0.0001 <0.0001

Primipara 1,336 (45.8%) 67 (67.7%) Ref — Ref — 316 (73.3) Ref Ref Ref —

Secundipara 1,122 (38.5%) 21 (21.2%) 0.36 (0.22–0.60) <0.0001 0.31 (0.19–0.51) <0.0001 88 (20.4) 0.28 (0.21–0.35) <0.0001 0.27 (0.21–0.35) <0.0001

Multipara 458 (15.7%) 11 (11.1%) 0.47 (0.24–0.89) 0.02 0.30 (0.16–0.60) 0.0006 27 (6.3) 0.20 (0.13–0.30) <0.0001 0.20 (0.13–0.30) <0.0001

Maternal age at birth, years 0.52 0.03 0.10 0.94

<25 184 (6.3%) 7 (7.1%) 1.19 (0.52–2.71) 0.68 0.79 (0.34–1.84) 0.59 34 (7.8) 0.85 (0.57–1.27) 0.42 — —

25–30 1,118 (38.3%) 36 (36.4%) Ref Ref Ref Ref 180 (41.8) Ref Ref — —

31–35 1,092 (37.5%) 33 (33.3%) 0.94 (0.58–1.51) 0.79 1.34 (0.81–2.19) 0.25 151 (35) 1.20 (0.95–1.51) 0.13 — —

>35 522 (17.9%) 23 (23.2%) 1.39 (0.81–2.36) 0.23 2.27 (1.03–4.00) 0.005 66 (15.3) 1.33 (0.98–1.80) 0.07 — —

Child’s calendar year of birth 0.35 0.26 <0.0001 <0.0001

1997–2000 494 (16.9%) 15 (15.2%) 0.99 (0.49–2.01) 0.98 — — 54 (12.5) 0.53 (0.37–0.76) 0.0005 0.50 (0.35–0.72) 0.0002

2001–2004 574 (19.7%) 21 (21.2%) 1.20 (0.63–2.30) 0.57 — — 64 (14.8) 0.55 (0.39–0.76) 0.0004 0.51 (0.36–0.72) 0.0002

2005–2008 663 (22.7%) 30 (30.3%) 1.50 (0.82–2.75) 0.19 — — 94 (21.8) 0.72 (0.35–0.97) 0.04 0.72 (0.53–0.99) 0.04

2009–2012 629 (21.6%) 16 (16.2%) 0.83 (0.41–1.65) 0.59 — — 115 (26.7) 0.97 (0.37–1.30) 0.85 0.96 (0.71–1.31) 0.81

2012–2016 556 (19.1%) 17 (17.2%) Ref Ref — — 104 (24.1) Ref — Ref —

Educational levelb 0.03 0.002 0.003 0.06

Edu 1 387 (13.3%) 21 (21.2%) 1.44 (0.84–2.25) 0.18 1.72 (0.99–2.99) 0.05 51 (11.8) 0.99 (0.71–1.41) 0.99 — —
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gestational week, sex, and singleton/twins into consider-
ation because these contribute importantly to the birth
weight. The birth weight is important because low birth
weight increases the risk of death and developing chronic,
neurologic disabilities, and academic achievements.29,30

Only limited data are available on whether DMT exposure
before or during the pregnancy affects the fetus and to
which extent, nevertheless, it is documented that several
DMTs can cross the placental barrier.31 Whether the birth
weight is affected by DMT remains controversial. A recent
register study using data from the Swedish and Finnish
medical birth registers compared 643 newborns exposed to
interferon β within 3 months or later before the last men-
strual period with 1,166 unexposed newborns and found no
difference in birth weight.32 Contrarily, a Portuguese
multicenter cohort included 97 births, of which 65 (67%)
were exposed to DMT mainly in the first trimester (mean 8
weeks ± 9.2 weeks) and found a nonsignificant trend to-
ward lower birth weight in newborns exposed to DMT (p =
0.054).6

In our study cohort, 851 (29%) of the newborns were ex-
posed to DMT. On average, exposed newborns were 116 g
lighter than those unexposed (3,378 vs 3,494 g) and their
median gestational age correspondingly lower (39 vs 40
weeks) (data not shown). SGA occurred in 4.2% (n = 36) of
the exposed newborns compared with 3% among those un-
exposed. We found a slightly increased odds of the newborn
being SGA if exposed to DMT in the univariate analysis,
although not reaching the significance level.

Two other register studies including 181 and 649 births,
respectively, both demonstrated a higher prevalence of SGA
(8.8% and 13.5%, respectively) in newborns of wwMS
compared with our prevalence of 3.4%.4,10 The English study
did not find any difference in OR,10 whereas the Norwegian
study found a 1.45 higher odds of being SGA (p = 0.003)
among newborns of wwMS.4 Neither of the 2 adjusted for
DMT in their analyses and the definition of SGA is
different—both in between the 2 former studies, and from
ours, which complicates the comparability of the results.

To date, most women have been advised to discontinue
treatment when planning a pregnancy as evidence related to
the possible effect of DMT during pregnancy on the fetus is
sparse. Several studies from the past 10 years have found no
differences in serious pregnancy-related complications or
severe adverse perinatal outcomes such as stillbirth or major
congenital malformations in newborns of wwMS, although
not taking DMT exposure into consideration.3,4,9–11 A few
studies that included fetal DMT exposure in the analysis
reached the same conclusions, although most of the studies
are based on small sample sizes, different DMTs, and dif-
ferent definitions of exposure.5–8 On the contrary, a few
studies have demonstrated an increased risk of congenital
malformations in newborns exposed to second-line DMTs
with high efficacy during the pregnancy.33,34Ta
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On average, elective c-sections comprised 8.3% of the total
number of deliveries in Denmark from 2006 to 2016.21 This
corresponds with the percentage found in our comparison
cohort (7.8%), whereas the corresponding number was
13.8% in the study cohort. The higher prevalence of elective
c-sections among wwMS most likely explains the corre-
sponding lower odds of asphyxia.35 A Finnish and a Portu-
guese study7,8 similarly reported an increased prevalence of
elective c-sections (11.5% and 14.3%, respectively) among
wwMS. A systematic review and meta-analysis reported the
range of cesarean deliveries among wwMS to be 9–41%,36

although not distinguishing between emergency and elective
c-sections.

The frequency of induced delivery inDenmark also increased
in the period 2000–2012 from approximately 12%–25% of
the total deliveries per year with a steep increase in 2010.37

The proportion of induced deliveries in our study cohort
comprised 12.1% of the total deliveries in the included study
period 1997–2016, which corresponds with the nationwide
range.

Possible explanations of the increased prevalence of elective
c-section and induced delivery among wwMS could include
MS-related symptoms such as neuromuscular perineal
weakness, spasticity, or fatigue thatmight affect the birth. Any
of these could accelerate exhaustion and lead to delivery
complications, which could prompt the clinician and women
to take extra precautions.

In our study, women with an EDSS score of ≥3 had a higher
odds of having an elective c-section, supporting the impor-
tance of MS-related symptoms on clinical decision making.

Strengths of this study are the population-based nationwide
long-time follow-up data of the DMSR, the nearly complete
national coverage of reproductive registries, thereby elimi-
nating recall bias. Furthermore, all Danish inhabitants have
access to universal health care, which is government funded
through taxation, hence providing equal access to all citizens
increasing the generalizability of our findings. A limitation of
the study is the lack of data onmaternal smoking as the risk of
being SGA increases due to maternal smoking.38 A rather
large proportion of our cohorts had missing data on BMI
(study cohort 27% vs comparison cohort 32%); however, the
subgroup analysis showed similar results as the main analysis
indicating that data were missing at random, and hence, the
generalizability to the full cohort is acceptable. Finally, the
sample size of the selected population of newborns exposed
to DMT within 6 months before conception that experi-
enced an outcome was too small to stratify on either first-line
or second-line DMT or perform any separate statistical
analyses.

In this large Danish cohort, newborns of wwMS were more
frequently delivered by elective c-section or induced delivery.

More children of wwMSwere born SGA but showed less sign
of asphyxia compared with the general population.
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