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Abstract
Background and purpose: Data on pregnancy outcomes following fetal exposure to 
disease- modifying drugs (DMDs) in women with multiple sclerosis (MS) are sparse al-
though growing.
Methods: Data from the Danish Multiple Sclerosis Registry were linked with nation-
wide registries enabling an investigation of adverse pregnancy outcomes in newborns 
of women with MS following fetal exposure to injectable first- line treatments, dimethyl 
fumarate, glatiramer acetate, or natalizumab. Logistic regression models accounting for 
clustered data were used to estimate odds ratios (ORs) with 95% confidence intervals (CIs) 
for individual and composite adverse outcomes after adjusting for relevant covariates.
Results: A total of 1009 DMD- exposed pregnancies were compared with 1073 DMD- 
unexposed pregnancies as well as 91,112 pregnancies from the general population. 
No association of an increased risk of any perinatal outcome was found when compar-
ing newborns with fetal exposure with the general population, including preterm birth 
(OR = 1.19, 95% CI = 0.86– 1.64), small for gestational age (OR = 1.38, 95% CI = 0.92– 
2.07), spontaneous abortion (OR = 1.04, 95% CI = 0.84– 1.27), congenital malformation 
(OR = 0.99, 95% CI = 0.68– 1.45), low Apgar score (OR = 0.62, 95% CI = 0.23– 1.65), still-
birth (OR = 1.05, 95% CI = 0.33– 3.31), placenta complication (OR = 0.53, 95% CI = 0.22– 
1.27), and any adverse event (OR = 1.10, 95% CI = 0.93– 1.30). Similar results were found 
when comparing DMD- exposed pregnancies with DMD- unexposed pregnancies.
Conclusions: We found no increased association of adverse pregnancy outcomes in new-
borns with fetal exposure to DMDs when compared with either DMD- unexposed preg-
nancies or the general population.

K E Y W O R D S
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INTRODUC TION

Teratogenicity is a genuine concern if one becomes pregnant while 
treated with disease- modifying drugs (DMDs) for multiple sclerosis 
(MS). Drugs with a low molecular weight such as teriflunomide and 
cladribine are able to cross the placental barrier and have demon-
strated teratogenicity in animal studies; hence, they are contra-
indicated in women planning pregnancy [1, 2]. Natalizumab is a 
recombinant humanized monoclonal antibody very similar to immu-
noglobulin G and also able to cross the placental barrier. The pla-
cental transfer of monoclonal antibodies depends on the gestational 
age and happens in a linear fashion, starting around Week 13 and 
increasing hereafter [3, 4]. Natalizumab was approved in Europe in 
2006, and growing data from the natalizumab pregnancy registry, 
case reports, and observational studies indicate that natalizumab is 
not fetotoxic. However, hematological abnormalities have been re-
ported in several cases, with increasing association the later in the 
gestational period the exposure occurred [5– 7].

On the contrary, drugs with a high molecular weight such as 
interferon- β (including pegylated forms; interferons) or glatiramer 
acetate are not considered to be able to permeate the placental 
barrier. Dimethyl fumarate has not demonstrated teratogenicity in 
rat studies, but data on outcomes in pregnancies exposed to the 
drug are very sparse; therefore, cessation is advised if planning 
pregnancy.

This study aimed to investigate individual and composite adverse 
perinatal outcomes in pregnancies exposed to injectable first- line 
treatments (interferons or glatiramer acetate), dimethyl fumarate, 
or natalizumab compared with DMD- unexposed pregnancies in 
women with MS and pregnancies in the general population.

METHODS

We conducted a cross- sectional study using population- based 
data on all pregnancies resulting in either abortion, live birth, or 
stillbirth from 1 January 1997 to 31 December 2018. The nation-
wide Danish Multiple Sclerosis Registry was used to identify preg-
nancies in women with MS [8]. Data were cross- linked with the 
Danish Medical Birth Register (data on perinatal outcomes, de-
livery mode, smoking during pregnancy) [9], the National Patient 
Registry (public hospital registrations related to abortions) [10], 
and the Register for Legally Induced Abortions (private practi-
tioner registrations related to abortions) [11] to obtain and ensure 
complete information. Only pregnancies occurring after the MS 
diagnosis were included to ensure information about exposure 
to DMDs.

Injectable first- line treatments, dimethyl fumarate, or natali-
zumab were included as possible exposures. According to clinical 
practice in the 13 Danish MS clinics, injectables have been used 
up until confirmed pregnancy for several years. Cessation of di-
methyl fumarate is recommended if becoming pregnant, although 
teratogenicity has not been demonstrated. The clinical practice 

of stopping dimethyl fumarate before conception varies; there-
fore, the drug was included as a possible exposure. Natalizumab 
is often continued until conception in women who wish to be-
coming pregnant, but only continued during the first and second 
trimester of pregnancy in case of highly active disease. Treatment 
adherence of at least 30 consecutive days prior to the last men-
strual period was required for all exposures. Eligible exposed 
pregnancies were pooled into one combined group to increase 
statistical power.

Study populations

Exposed group

The first day of the last menstrual period (LMP) was used to define 
exposure. LMP for births was calculated by subtracting the gesta-
tional age in days from the birthdate. For abortions LMP was cal-
culated by subtracting the gestational week (GW)*7 from the date 
of the procedure. Data on gestational age in days for stillbirths and 
live births were extracted from the Danish Medical Birth Register 
and for abortions from the National Patient Registry and Registry for 
Legally Induced Abortions.

Exposure to injectable first- line treatments and dimethyl fuma-
rate was defined as either injection or administering treatment at the 
day of or after LMP. For the high- efficacy treatment (natalizumab), 
exposure was defined as infusion within 8 weeks prior to the LMP 
or onward.

Control groups

Two control groups were used for comparison: DMD- unexposed 
pregnancies in women with MS (unexposed group) and pregnancies 
in the general population (control group).

DMD- unexposed pregnancies
A pregnancy was considered unexposed to DMD if (i) the last injec-
tion/intake of glatiramer acetate, interferons, or dimethyl fumarate 
was administered any time before LMP; (ii) the last infusion of na-
talizumab was given >3 months prior to LMP; (iii) the last intake of 
fingolimod happened >2 months prior to LMP; (iv) the last infusion 
of rituximab or alemtuzumab was administered >4 months prior 
to LMP; (v) the last infusion of mitoxantrone was given >6 months 
prior to LMP; (vi) the last intake of teriflunomide was at least 
2 years prior to last LMP; or (vii) the subject was never treated. All 
definitions of exposure were based on half- life times of the drug in 
question.

General population
A random sample of 5% of the general population was established 
through the Danish Civil Registration [12] and comprised the group 
from which pregnancies in the control group were identified.

 14681331, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15559 by D

et K
ongelige, W

iley O
nline L

ibrary on [16/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



164  |    ANDERSEN et al.

Outcome definitions

Perinatal outcomes

Preterm birth was defined as delivery before GW 37 and stillbirth as 
birth of a dead fetus after completion of GW 22, in accordance with 
the literature [13].

Small for gestational age (SGA) [14] was calculated for each in-
dividual gestational week separated by biological sex and defined 
as a birth weight below the mean two times minus the SD as de-
scribed by Sankilampi et al. [14]. Additionally, the calculations were 
performed separately for singleton and twin births.

The Apgar score is used as a quick assessment of the postnatal 
condition of the newborn and is defined as “reassuring of normality” 
if the score is >6/10 points based on muscular tonus, vitals on heart 
and lung, and coloration of the newborn [15].

Congenital malformations (CMs) are generally recorded at birth, but 
as some anomalies are not detected at birth, delayed identification up 
to 1 year after birth is possible [9]. Only major malformations based on 
the EUROCAT definition were included [16], and in case of more than 
one registered malformation, these attributed to one event.

Any adverse event (AE) consisted of at least one of the follow-
ing: congenital malformation, spontaneous abortion, preterm birth, 
stillbirth, SGA, or low Apgar score. Any AE was recorded as a binary 
(yes/no) regardless of the number of individual AEs.

Classifications

Delivery mode was classified into spontaneous delivery, emergency 
cesarean section (C- section), elective C- section, induced delivery, or 
instrumental delivery.

Abortions were classified as spontaneous or elective. Additionally, 
ectopic pregnancies were identified and included descriptively. 
Abortions or ectopic pregnancies closer than 8 weeks apart only 
counted as one [17].

Statistical analyses

Variables were summarized using either mean and SD or median and 
interquartile range (Q1– Q3) depending on the distributional shape. 
Logistic regression models using generalized estimating equations to ac-
count for the clustered nature of data were used to estimate odds ratios 
(ORs) with 95% confidence intervals (CIs). All analyses were performed 
crude and subsequently adjusted for clinically relevant covariates re-
lated to the outcome. SAS Enterprise Guide version 7.15 was used for all 
statistical analyses, and statistical significance was defined as p < 0.05.

Sensitivity analyses

A less conservative approach for exposed pregnancies and a more 
conservative approach for unexposed pregnancies were applied to 

perform sensitivity analyses. The definition window to be included 
in the exposed group was extended to treatment 3 months prior to 
LMP for injectable first- line treatments and dimethyl fumarate and 
4 months prior to LMP for natalizumab.

Unexposed pregnancies were defined as (i) treatment discon-
tinuation of interferons/glatiramer acetate, natalizumab, rituximab, 
alemtuzumab, dimethyl fumarate, or fingolimod at least 6 months 
prior to LMP; (ii) last infusion of mitoxantrone 12 months prior to 
LMP; (iii) last intake of teriflunomide at least 3 years prior to last 
LMP; or (iv) subject never treated.

Furthermore, complete- case analyses with smoking included as a 
binary variable were performed, as smoking is associated with increased 
risk of preterm birth, CM, and SGA in newborns [18]. Information on 
smoking habits was only available in the Danish Medical Birth Register; 
hence, only pregnancies resulting in birth were eligible.

Study approval

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.

RESULTS

A total of 1009 pregnancies to 704 individual women were in-
cluded in the exposed group (Figure 1). The women were on average 
26.8 years old at diagnosis and 31.6 years old at LMP, with a disease 
duration of 6.7 years at LMP (Table 1). The unexposed group con-
sisted of 1073 pregnancies in 709 individuals with almost identical 
age at diagnosis, age at LMP, and disease duration at LMP as the ex-
posed group (Table 1). The control group comprised 91,112 pregnan-
cies to 40,845 women who were slightly younger at LMP (29.7 years; 
Table 1).

Live births represented 70.5%, 77.2%, and 70.2% of the total 
number of pregnancies in the exposed, unexposed, and control 
groups, respectively, with very similar rates of abortions, still-
births, and ectopic pregnancies among the three groups (Figure 2; 
Table 2). On the other hand, elective C- section was the delivery 
mode with the greatest contrast, namely 17.2%, 16.6%, and 8.6% 
(Table 2).

Among the exposed pregnancies resulting in live birth, the 
majority (64.7%) were exposed to interferons, with a treatment 
duration of 1.6 years (0.9– 3.2) prior to LMP and a fetal exposure 
of 6.8 weeks (4.4– 12; Table 3). Glatiramer acetate- exposed preg-
nancies comprised 12.8%, with a treatment duration of 1.2 years 
(0.4– 2.5) prior to LMP and a median fetal exposure of 7.7 weeks 
(4.5– 12). A minority were exposed to dimethyl fumarate (34/711 
pregnancies), with a treatment duration of 1.2 years (0.9– 1.8) prior 
to LMP and fetal exposure of 5 weeks (1.9– 6.3). Natalizumab ex-
posure comprised 17%, with a median fetal exposure of 1.9 weeks 
(0.6– 4.4) and a treatment duration of 1.6 years (1.1– 2.5) prior to 
LMP (Table 3).

 14681331, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15559 by D

et K
ongelige, W

iley O
nline L

ibrary on [16/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 165OUTCOMES AFTER FETAL EXPOSURE TO DMDs

No association of an increased risk of any perinatal outcomes 
was found when comparing exposed newborns with controls, 
including preterm birth (OR = 1.19, 95% CI = 0.86– 1.64), SGA 
(OR = 1.38 95% CI = 0.92– 2.07), spontaneous abortion (OR = 1.04, 
95% CI = 0.84– 1.27), CM (OR = 0.99, 95% CI = 0.68– 1.45), low Apgar 
score (OR = 0.62, 95% CI = 0.23– 1.65), stillbirth (OR = 1.05, 95% 
CI = 0.33– 3.31), placenta complication (OR = 0.53, 95% CI = 0.22– 
1.27), and any AE (OR = 1.10, 95% CI = 0.93– 1.30; Table 4).

Similar results were found when comparing exposed with unex-
posed pregnancies (Table 4). Data are not shown for low Apgar score 
and stillbirth, as too few events occurred to enable statistical analyses.

Descriptive, crude, and adjusted analysis for exposures sepa-
rately are displayed in Tables S1.

Sensitivity analyses

The exposed sensitivity group was defined by broader criteria re-
lated to the timing of exposure and included 1172 pregnancies, 
whereas a more rigorous approach with firmer restrictions on treat-
ment discontinuation related to LMP resulted in 833 pregnancies in 
the unexposed sensitivity group (Table S7).

The unexposed sensitivity group was first compared with the ex-
posed group (n = 1009) and thereafter with the exposed sensitivity 
group (n = 1172; Tables S8 and S9). Likewise, the control group was 
compared with all groups. No association of increased risk of any peri-
natal outcomes were found in either comparison (Tables S8 and S9).

Lastly, pregnancies with data on smoking habits for the complete- 
case analysis were identified. The exposed group consisted of 698 
births with registration on smoking habits related to the index 
pregnancy, at which 88.8% were nonsmokers. The corresponding 
numbers were 814 pregnancies with 87.6% nonsmokers and 59,441 
pregnancies with 84.7% nonsmokers among the unexposed and 
control groups, respectively. Neither the exposed versus unexposed 
nor versus control group showed any association of increased risk in 
any perinatal outcomes when adding smoking habits to the analyses 
(Table S10).

DISCUSSION

In this cross- sectional study, we compared a range of individual 
adverse perinatal outcomes as well as one composite outcome in 
newborns with fetal exposure to injectable first- line treatments, 
dimethyl fumarate, or natalizumab with DMD- unexposed preg-
nancies and the general population. The prevalence of individual 
outcomes as well as the composite AE outcome was comparable 
among the three groups. After adjusting, first for confounding 
and second for exposure definition, the OR and related 95% CI 
remained statistically insignificant in all analyses. However, we did 
find an increased occurrence of elective C- sections in the exposed 
group when compared with the general population, although 
comparable to the occurrence found among DMD- unexposed 
pregnancies.

F I G U R E  1  Inclusion flowchart of exposed pregnancies
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The contraindication label for usage during pregnancy and 
breastfeeding was removed from glatiramer acetate and interfer-
ons by the European Medicine Agency in April 2017 and September 
2019, respectively [19– 21]. The largest study to date investigating 

pregnancy outcomes following glatiramer acetate exposure included 
5042 pregnancies. Although not finding an increased prevalence of 
CM in exposed pregnancies, a major limitation to this study is that 
the fetal exposure to glatiramer acetate was unknown [21]. Later 

Characteristic Exposed Unexposed Controls

Age at diagnosis, years, mean (SD) 26.8 (5.1) 27 (4.9) n/a

Age at onset, years, mean (SD) 24.8 (5.4) 24.9 (5.1) n/a

Disease duration at diagnosis, years, 
mean (SD)

1.9 (2.7) 2.1 (2.8) n/a

Disease duration at LMP, years, mean (SD)a 6.7 (4.1) 6.5 (4.2) n/a

Maternal age at LMP, years, mean (SD) 31.6 (4.8) 31.4 (4.9) 29.7 (5.6)

Educational level, n (%)b

Primary school 134 (13.3) 136 (12.7) 14,612 (16)

High school or equivalent 327 (32.4) 405 (37.7) 34,510 (37.9)

Bachelor level or equivalent 343 (34) 358 (33.4) 29,331 (32.2)

Above bachelor level 205 (20.3) 174 (16.2) 12,659 (13.9)

Parity, n (%)

1 382 (54) 399 (48.2) 29,362 (45.6)

2 244 (34.5) 341 (41.2) 23,584 (36.6)

>2 82 (11.5) 88 (10.6) 11,512 (17.9)

Exposure, n, (%)

Injectable first- line treatments 774 (76.7)

Interferon- β 633 (62.7) n/a n/a

Glatiramer acetate 141 (13.9) n/a n/a

Dimethyl fumarate 58 (5.7) n/a n/a

Natalizumab 177 (17.5) n/a n/a

Abbreviations: LMP, last menstrual period; MS, multiple sclerosis; n/a, not applicable.
aFirst day of the LMP.
bHighest attained educational level.

TA B L E  1  Maternal characteristics in 
the exposed MS group of pregnancies 
(n = 1009 pregnancies, 704 individuals), 
unexposed MS pregnancies (n = 1073 
pregnancies, 709 individuals), and the 
control group (n = 91,112 pregnancies, 
40,845 individuals)

F I G U R E  2  Pregnancy outcomes. Any AE, any adverse event, placenta; CM, congenital malformation; CS, cesarean section; Ectopic; 
ectopic pregnancy; El. abortion, elective abortion; Preterm, preterm birth; SGA, small for gestational age; Sp. abortion, spontaneous 
abortion
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    | 167OUTCOMES AFTER FETAL EXPOSURE TO DMDs

studies with early exposure to glatiramer acetate [22] and exposure 
during all three trimesters [23] have not demonstrated an associa-
tion between exposure to glatiramer acetate and increased risk of 
CM, spontaneous abortion, preterm birth, birthweight, birth length, 
or C- sections. In our study, 91 newborns were exposed to glatiramer 
acetate, with a median fetal exposure of 7.5 weeks (Q1– Q3 = 4.5– 
12). Our results were in concordance with previous studies in terms 
of CM, preterm birth, spontaneous abortion, and prevalence of C- 
sections. Extensive data on pregnancy outcomes following early 
exposure to interferons have not demonstrated increased risk of ad-
verse outcomes such as CM, preterm birth, stillbirth, or risk of spon-
taneous abortion [19, 20, 24]. The prevalence of CM was slightly 
higher in our study (5%, 23/460), demonstrated in the drug- stratified 
analysis (Table S1), when compared to the three abovementioned 
studies, although comparable to our control group (3.9%) and that of 
the general population of Denmark (5%) [25].

Only few pregnancies (58/1009) in our cohort were exposed to 
dimethyl fumarate, of which 24 were aborted (nine spontaneously 
and 15 electively). The remaining 34 pregnancies all resulted in 
full- term newborns with no registrations of stillbirth, placenta 
complications, or low Apgar score. Fewer than four newborns pre-
sented with CM or being SGA. Data on dimethyl fumarate- exposed 
pregnancies are very sparse, and only few studies have reported 
outcomes. Clinical trial data on 39 exposed pregnancies with 
known outcome reported the same rate of births and spontaneous 

Mode/characteristic
Exposed, 
n = 1009

Unexposed, 
n = 1073

Control group, 
n = 91,112

Live births, n (%) 708 (70.2) 828 (77.2) 64,458 (70.2)

Stillbirths, n (%) 3 (0.3) 3 (0.3) 229 (0.2)

Ectopic pregnancies, n (%) 6 (0.6) 14 (1.3) 1044 (1.1)

Abortions, n (%)

Spontaneous 109 (10.8) 113 (10.5) 9259 (10)

Elective 183 (18.1) 115 (10.7) 16,122 (18.2)

Delivery mode, n (%)

Spontaneous delivery 338 (47.5) 405 (48.7) 39,119 (60.5)

Acute cesarean section 94 (13.2) 93 (11.2) 7559 (11.7)

Elective cesarean section 122 (17.2) 138 (16.6) 5539 (8.6)

Induced delivery 103 (14.5) 123 (14.8) 7908 (12.2)

Instrumental delivery 54 (7.6) 72 (8.7) 4562 (7.1)

Live birth outcomes, n (%)

Placenta complicationa 5 (0.7) 13 (1.6) 767 (1.2)

Apgar score < 7 4 (0.6) 2 (0.2) 502 (0.8)

Small for gestational age 31 (4.4) 28 (3.4) 1965 (3)

Preterm birth 57 (8) 60 (7.2) 4205 (6.5)

Congenital malformations 30 (2.9) 23 (2.2) 2450 (2.7)

Any adverse eventb 223 (22.1) 229 (21.3) 17,842 (19.6)

aPlacenta accreta or abruptio.
bAny of the following: spontaneous abortion, low Apgar score, congenital malformation, small for 
gestational age, stillbirth, or preterm birth.

TA B L E  2  Delivery mode and 
characteristics for the included 
pregnancies

TA B L E  3  In utero exposure and treatment duration prior to the 
first day of the last menstrual period in pregnancies resulting in live 
birth from the exposed group (n = 708)a

n (%)
Live births, 
n = 708

Fetal exposure in utero, weeks, median (Q1– Q3)

Moderate- efficacy treatment

Interferon- β 460 (64.7) 6.9 (4.4– 12)

Dimethyl fumarate 34 (4.8) 5 (1.9– 6.3)

Glatiramer acetate 91 (12.8) 7.7 (4.5– 12)

High- efficacy treatment

Natalizumab 123 (17.3) 1.9 (0.6– 4.4)

Treatment duration prior to last menstrual period, years, median 
(Q1– Q3)

Moderate- efficacy 
treatment

Interferon- β 460 (64.7) 1.6 (0.9– 3.2)

Dimethyl fumarate 34 (4.8) 1.2 (0.9– 1.8)

Glatiramer acetate 91 (12.8) 1.2 (0.4– 2.5)

High- efficacy treatment

Natalizumab 123 (17.3) 1.6 (1.1– 2.5)

aData on stillbirths (n = 3) on the individual level were excluded, as 
small cell information is prohibited to present according to Danish law 
on data protection.
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abortion as in the general population, with no information on CM in 
live births [26]. A recently published interim analysis from the inter-
national TecGistry collecting data on pregnancy outcomes follow-
ing exposure to dimethyl fumarate included 351 pregnancies with 
known outcomes [27]. The median exposure time was 5 weeks, 
with only one pregnancy exposed later than the first trimester. 
The prevalence of spontaneous abortions and malformation was 
8% and 2.9%, respectively, both within the range reported in the 
general population.

Diverging results following early exposure to natalizumab have 
been reported. Portaccio et al. found that exposure to natalizumab 
was a significant predictor of spontaneous abortion, although the 
reported prevalence of spontaneous abortion among the exposed 
pregnancies (17.4%) was similar to that of the general population 
[28]. Similarly, Ebrahimi et al. demonstrated an increased preva-
lence of spontaneous abortion in pregnancies with early natali-
zumab exposure (17.3%) when compared to healthy controls 
(4.1%) [29]. However, after excluding women older than 35 years 
from both groups, the prevalence in the two groups was very alike, 
11.5% versus 12% respectively. Friend et al. reported an increased 
rate of CM in natalizumab exposed newborns (5.05%); however, 
no specific pattern was observed [30]. The prevalence of both 
spontaneous abortion (10.2%) and CM (2.4%) in our study is below 
that reported in the aforementioned studies and in concordance 
with those of the general population. Furthermore, none of the 

natalizumab- exposed newborns was SGA or presented with low 
Apgar score. Overall, the proportion of elective C- sections was 
increased among women with MS when compared with the gen-
eral population, but an additional increment was observed among 
those treated with natalizumab (Table S1). This might be due to a 
higher disease burden in these women hence a more precautious 
approach regarding their birth plan. A notably larger proportion of 
women treated with natalizumab experienced relapse activity se-
vere enough to require corticosteroid treatment (6.7%) compared 
with 3.5% and 1.3% among those treated with glatiramer acetate 
and interferons, respectively (data not shown). This corresponds 
with existing literature demonstrating an increased risk of relapse 
following natalizumab discontinuation [31, 32]. The occurrence 
of preterm birth was elevated among women treated with natali-
zumab (13%) when compared with the general population (6.5%). 
None of the preterm natalizumab- exposed newborns had been 
exposed to corticosteroid treatment during pregnancy, and the 
majority of the preterm babies (12/16) were born in GW 36 and 
hence considered late preterm.

Hematological abnormalities have been reported in studies in-
vestigating outcomes in pregnancies with second or third trimester 
exposure to natalizumab, with increasing tendency the later in the 
pregnancy the exposure occurred [5– 7]. Placental transfer is possi-
ble at the earliest at GW 13 and most likely during the third trimes-
ter based on the pharmacokinetics of the drug [4]. Hematological 

TA B L E  4  Association of delivery mode and perinatal outcomes among exposed pregnancies (n = 1009) compared with unexposed 
pregnancies (n = 1073) and the control group (n = 91,112)

Unexposed Control group

Unadjusted, OR 
(95% CI)

Adjusted, OR 
(95% CI)a p

Unadjusted, OR 
(95% CI)

Adjusted, OR 
(95% CI)a p

Delivery mode

Spontaneous delivery Reference Reference Reference Reference

Acute cesarean section 1.22 (0.86– 1.74) 1.13 (0.79– 1.63) 0.50 1.45 (1.12– 1.87) 1.18 (0.91– 1.52) 0.22

Elective cesarean section 1.06 (0.78– 1.44) 1.15 (1.81– 1.63) 0.43 2.55 (2.02– 3.23) 2.30 (1.82– 2.93) <0.0001

Induced delivery 0.99 (0.74– 1.34) 0.92 (0.68– 1.26) 0.61 1.50 (1.18– 1.90) 1.17 (0.91– 1.49) 0.20

Instrumental delivery 0.90 (0.60– 1.36) 0.90 (0.59– 1.37) 0.62 1.37 (1.0– 1.88) 1.15 (0.83– 1.58) 0.41

Perinatal outcomes

Apgar score < 7 N/A N/A N/A 0.72 (0.27– 1.94) 0.62 (0.23– 1.65) 0.33

Any adverse eventb 1.05 (0.84– 1.30) 1.01 (0.81– 1.27) 0.92 1.16 (0.99– 1.37) 1.11 (0.95– 1.30) 0.20

Stillbirth N/A N/A N/A 1.19 (0.38– 3.73) 1.05 (0.33– 3.31) 0.93

Congenital malformation 1.55 (0.88– 2.71) 1.59 (0.88– 2.86) 0.12 1.12 (0.77– 1.63) 0.99 (0.68– 1.45) 0.96

Small for gestational age 1.31 (0.75– 2.28) 1.32 (0.75– 2.33) 0.34 1.45 (0.97– 2.18) 1.38 (0.92– 2.07) 0.12

Preterm birth 1.12 (0.73– 1.73) 1.10 (0.72– 1.72) 0.64 1.25 (0.91– 1.72) 1.19 (0.86– 1.64) 0.30

Spontaneous abortion 0.97 (0.74– 1.26) 0.99 (0.76– 1.31) 0.98 1.07 (0.87– 1.31) 1.05 (0.86– 1.29) 0.63

Placenta complicationc 0.45 (0.15– 1.29) 0.43 (0.15– 1.22) 0.15 0.59 (0.25– 1.43) 0.53 (0.22– 1.27) 0.15

Abbreviations: CI; confidence interval; N/A; not available; OR; odds ratio.
aAdjusted for prior abortion, maternal age at last menstrual period, educational level, prior cesarean section, and calendar year of birth.
bIncluding one of the following: spontaneous abortion, congenital malformation, small for gestational age, preterm birth, stillbirth, or low Apgar 
score.
cPlacenta accreta or abruptio.
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abnormalities were not represented among the registered CMs in 
natalizumab- exposed newborns, which was as expected, as none of 
them had been exposed after GW 13.

Comparability of measurements encompassing birthweight and 
gestational age is difficult, as different definitions are used across 
studies. A large prospective cohort included 75,296 pregnancies 
from 12 European countries in which the prevalence of SGA varied 
from 4.6% to 15.3% [33]; hence, the prevalence of 4.4% among ex-
posed newborns in our study was in the lower range. Furthermore, 
we did not find an increased risk of SGA newborns in the exposed 
group when compared with the unexposed newborn or the control 
group.

Use of corticosteroids during pregnancy has demonstrated an 
association with low birth weight [34], and if administered during 
the first trimester, it is also considered to be associated with an 
increased risk of orofacial abnormalities [35, 36]. According to the 
national Danish clinical practice, use of corticosteroids during the 
first trimester is solely restricted to patients experiencing a very se-
vere relapse, and during second and third trimester only if deemed 
clinically necessary and after consultation with an obstetrician [37]. 
Therefore, treating physicians strive to minimize the use of corti-
costeroids during pregnancy; thus, treatment of relapses during 
pregnancy with corticosteroids was not included in the statistical 
analysis. Descriptively, a total of 25 women were reported with cor-
ticosteroid treatment due to relapses during pregnancy. Of these, 
48% (12/25) of patients were exposed to natalizumab, eight of 25 to 
interferons, and the remaining five to glatiramer acetate. Among all 
newborns exposed to corticosteroids during pregnancy, there were 
three or fewer registrations of SGA and preterm birth and no regis-
trations of malformations (data not shown).

The nationwide prevalence of elective C- sections in Denmark 
from 1997 to 2018 was 8.2% [9, 38], which corresponds with the 
control group in our study. Elective C- section was the only param-
eter in which the exposed and unexposed groups both differed 
significantly from the control group, although not from each other 
(17.2% and 16.6% vs. 8.6%, respectively). Most studies report C- 
sections as one delivery mode without distinguishing between elec-
tive and acute C- section, which complicates direct comparison with 
our results. A previous Danish cohort study compared perinatal out-
comes and reported an increased prevalence in elective C- sections 
of 13.8% in the MS population versus 7.8% in the general population 
[39]. Similarly, two Portuguese studies reported increased rates of 
C- sections in women with MS (14.3% and 17.5%) [40, 41]. Possible 
explanations for the increased rate of elective C- sections among 
women with MS might include MS- related symptoms such as fatigue 
and/or neuromuscular perineal weakness, which could prompt both 
the clinician and women to be precautious.

We used nationwide registry data to include women with MS 
linked with population- based registries on reproductive data that 
have virtually complete national coverage, which should eliminate 
recall and indication bias. Furthermore, access to health care in 
Denmark is government- funded, providing equal access for all cit-
izens. As all Danish registries have national coverage, our findings 

represent national generalizability. We found very similar results in 
all sensitivity analyses, regardless of the approach, which confirmed 
robust models and results. However, we were not able to stratify 
the analyses by trimester due to very few exposures in the second 
or third trimester, which calls for further investigation in future re-
search. Data on pregnancies with early exposure to dimethyl fuma-
rate should be considered preliminary, as the sample was quite small. 
Although the sensitivity analysis was adjusted for smoking, this vari-
able has limitations of its own. First, it was a self- reported outcome 
that is generally known to be exposed to recall bias. Second, it was 
adjusted for as a binary variable, as very few women reported smok-
ing. Lastly, it was only available in relation to pregnancies resulting 
in birth; hence, the adjusted results on any AE outcome might be 
flawed, as spontaneous abortions were part of this composite out-
come. Data on alcohol consumption or use of substances were not 
available and therefore not included. A final limitation of this study is 
related to abortions. The reported prevalence of spontaneous abor-
tions is possibly underestimated, as only hospitalized registrations 
were available. Nonetheless, the underestimation is expected to be 
equally distributed among the groups and therefore unlikely to influ-
ence the results. Elective abortion is optional until the end of GW 12 
in Denmark; thus, no record of the reason for the procedure is reg-
istered. The routine ultrasound performed to detect abnormalities 
is usually performed around GW 18– 21; thus, it is unlikely to be the 
cause of the termination.

CONCLUSIONS

Our study confirms that newborns exposed to injectable first- line 
treatments, dimethyl fumarate, or natalizumab demonstrate a similar 
prevalence of stillbirths, spontaneous abortions, placenta complica-
tions, low Apgar score, SGA, preterm birth, and CM as the general 
population. However, we did find an increased occurrence of elec-
tive C- sections among both groups of women with MS when com-
pared with the general population.
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