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Abstract
Background: Although effective contraception is strongly recommended during the therapy 
of women with multiple sclerosis (MS) with some immunomodulatory drugs, unplanned 
pregnancies still occur. Adequate medication management is essential to avoid foetal harm in 
the event of an unplanned pregnancy.
Objective: The aim was to screen for medications used in women of childbearing age with MS 
that may pose a risk of side effects on foetal development.
Methods: Sociodemographic, clinical and medication data were collected from 212 women 
with MS by structured interviews, clinical examinations and medical records. Using the 
databases from Embryotox, Reprotox, the Therapeutic Goods Administration and on the 
German summaries of product characteristics, we assessed whether the taken drugs were 
potentially harmful regarding the foetal development.
Results: The majority of patients (93.4%) were taking one or more drugs for which a possible 
harmful effect on the foetus is indicated in at least one of the four databases used. This 
proportion was even higher in patients who used hormonal contraceptives (birth control pills 
or vaginal rings) (PwCo, n = 101), but it was also quite high in patients who did not use such 
contraceptives (Pw/oCo, n = 111) (98.0% and 89.2%, respectively). PwCo were significantly 
more likely to take five or more medications with potential foetal risk according to at least one 
database than Pw/oCo (31.7% versus 6.3%). PwCo were also more severely disabled (average 
Expanded Disability Status Scale score: 2.8 versus 2.3) and more frequently had comorbidities 
(68.3% versus 54.1%) than Pw/oCo.
Conclusion: Data on the most commonly used drugs in MS therapy were gathered to study the 
risk of possible drug effects on foetal development in female MS patients of childbearing age. 
We found that the majority of drugs used by patients with MS are rated as having a potential 
risk of interfering with normal foetal development. More effective contraception and special 
pregnancy information programmes regarding the therapy management during pregnancy 
should be implemented to reduce potential risks to mother and child.

Plain Language Summary 

Use of drugs not recommended during pregnancy by women with multiple sclerosis
Introduction: Patients with multiple sclerosis (MS) often have to take different drugs 
simultaneously. During the therapy with some immunomodulatory drugs, effective 
contraception is strongly recommended. Nevertheless, unplanned pregnancies occur 
regularly in women with MS. 
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Methods: Here, we investigated whether the 212 patients included in this study were taking 
drugs with known possibility of harm to the development of an unborn child. This was done 
using four different drug databases. 
Results: A subset of 111 patients was not taking hormonal contraceptives (birth control 
pills or vaginal rings). Of those, 99 patients were taking at least one drug that is not 
recommended during pregnancy according to at least one of the four databases. Most of 
the medications taken have the potential to affect normal foetal development. 
Conclusion: To ensure safe use of medications, the patients should be reminded of the 
importance of effective contraception.

Keywords:  adverse drug effects, contraception, fertile age, foetal development, multiple 
sclerosis, pharmacotherapy, women
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Introduction
Approximately 2.8 million people live with multi-
ple sclerosis (MS) worldwide.1 This makes MS 
the most frequent neuroimmunological disease of 
the central nervous system at a relatively young 
age. MS is widely heterogeneous in terms of symp-
toms, histology and radiology.2 The symptoms of 
MS range from the soft signs, such as fatigue and 
cognitive changes,3–5 to paralysis, spasticity,4 blad-
der dysfunction and sexual dysfunction.6,7

The therapeutic management of MS is complex. 
As a consequence, MS patients often take several 
medications, resulting in a relatively high risk of 
polypharmacy (of up to 59%).7 MS is treated with 
disease-modifying drugs (DMDs) to alleviate dis-
ease activity and slow down disease progression. 
DMDs have been shown to reduce disease sever-
ity and curb the development of new lesions in the 
central nervous system. Further therapeutics are 
used to treat MS symptoms. Roughly 66.5% of 
female MS patients suffer from comorbidities, 
which also need to be treated.3 Moreover, alterna-
tive and complementary medicines are used by 
many patients in addition to prescribed drugs.8 
Many DMDs are not recommended for the use in 
pregnancy. There are known risks for the foetus 
when taking DMDs and other drugs during preg-
nancy.9,10 The list of possible side effects for foe-
tuses is long and ranges, for example, from 
congenital heart defects and hydrocephalus when 
taking teriflunomide to an increased risk of mal-
formation of the vascular system in embryogenesis 
when using fingolimod.11,12

Women are three times more likely to be affected 
by MS than men and the onset of the disease in 

women is mostly during the women’s childbearing 
years.13,14 The initial diagnosis of MS can change 
the way many patients think about family planning. 
One-third of MS patients who did not become 
pregnant after diagnosis reported concerns about 
the possibility of passing MS to the unborn chil-
dren. They also see MS as an additional burden on 
the future parenthood.15 The rate of unplanned 
pregnancies in the general population is around 
33–41% worldwide.16–18 Specifically, the respective 
rate is estimated to be 32% for female MS patients,19 
thus representing a significant risk factor to be con-
sidered. The German guidelines on the diagnosis 
and treatment of MS do not make a general recom-
mendation for contraceptive use, but they do list 
DMDs under which a safe contraception should be 
carried out (e.g. alemtuzumab, cladribine, fingoli-
mod, mitoxantrone, ocrelizumab and terifluno-
mide).20 There are also official statements in the 
US Medical Eligibility Criteria for Contraceptive 
Use recommending contraceptive use for MS 
patients.21 When considering the effectiveness of 
contraceptives, it is important to distinguish 
between hypothetical effectiveness and actual effec-
tiveness, which could be decreased by inconse-
quential or inaccurate use.22

In this study, we aimed to determine the fre-
quency of the use of medications not recom-
mended during pregnancy in female MS patients 
of childbearing age. To this end, we analysed 
whether the patients in our real-world cohort 
were taking medicines that are known to have a 
risk of side effects that may affect the develop-
ment of a foetus. Our study highlights the impor-
tance of an adequate therapy management in light 
of the risk of unplanned pregnancies.
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Materials and methods

Patients
The study was performed at the Department of 
Neurology at the Rostock University Medical 
Centre (Germany) and at the Neurological 
Department of the Ecumenical Hainich Hospital 
Mühlhausen (Germany) between March 2017 
and May 2020. At both centres, patients with MS 
were treated either as outpatients or as hospital-
ised inpatients, depending on their disease course 
and disease activity.

For this cross-sectional study, 212 women of 
childbearing age from 18 to 48 years were 
included. They were required to have the diagno-
sis of a clinically isolated syndrome (CIS) or MS 
according to the revised McDonald criteria.23 
Moreover, women aged above 48 years were not 
included, as it is assumed that the onset of meno-
pause typically occurs between the ages of 49 and 
52 years.24

During the waiting period for routine examina-
tions at the clinic, outpatients were asked whether 
they are willing to participate in the study. Patients 
who were hospitalised for several days due to 
changes in therapy, therapeutic side effects or 
acute/ongoing disease activity were also asked if 
they are interested to participate.

The Ethics Committees of the Rostock University 
Medical Centre and of the Physicians’ Chamber 
of Thuringia approved this study (permit num-
bers A 2014-0089 and A 2019-0048). We con-
ducted this study in accordance with the 
Declaration of Helsinki.

Collected data
For the patients included, sociodemographic 
(age, partnership, years of schooling, number of 
siblings, number of children, employment status, 
educational status and place of residence), clini-
cal [comorbidities, MS disease course, age at dis-
ease onset, disease duration, type of patient care 
and the degree of disability according to Kurtzke 
Expanded Disability Status Scale (EDSS)25] and 
pharmacological data (active agent, drug name, 
type of application and dosage) were gathered by 
a structured interview, an anamnesis, clinical 
neurological examinations and a review of medi-
cal records.

Following the suggestions by Laroni et al.26 and 
Marrie et al.27 (International Workshop on 
Comorbidities in MS), comorbidities were 
defined based on patient interviews, medical 
expertise and clinical records.

Drug characterisation
The term ‘drug’ refers to both individual active 
agents and combinations of active agents that are 
marketed as medications. Only those drugs that 
were actually taken by the patients were included 
in the analysis. The drugs were classified accord-
ing to the prescription status, the interval of the 
drug use and according to the treatment goal.

Prescription status: Prescription (Rx) or over-the-
counter (OTC) drugs.

Interval of drug use: Acute drug use (drugs on 
demand, DOD) or drug use in regular intervals 
(e.g. weekly or monthly) for long-term treatment 
of diseases (long-term drugs, LTD).

Therapeutic goal: Immunomodulatory MS drugs 
(DMDs), symptomatic MS drugs or drugs to 
treat comorbidities (not related to MS) or drugs 
for other conditions (e.g. contraception, which 
here means the use of an oral hormonal contra-
ceptive or the use of vaginal rings at the time of 
data collection).

Polypharmacy
Polypharmacy was defined as the simultaneous 
intake of at least five drugs. This definition is 
most commonly used in the literature.28

Assessment of the drugs according to the 
suitability in pregnancy
The classification of the safety of drugs with 
regard to their suitability for the use during preg-
nancy was based on four different sources of 
information: the Embryotox database,29,30 the 
register of the Australian Therapeutic Goods 
Administration (TGA),31 the German online por-
tal of summaries of product characteristics 
(SmPC)32,33 and the Reprotox database.34 The 
drug safety classification took place from June to 
August 2020. We entered both individual active 
substances and combinations of active substances 
in the databases.

https://journals.sagepub.com/home/taw
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Each database is based on a different classifica-
tion to describe the drug effects (Supplementary 
Table 1). Each drug was searched in the respec-
tive database, and the risk rating was recorded. 
The following categories were considered to indi-
cate a potentially harmful effect during preg-
nancy: category red in Embryotox; category B3, 
C, D and X in TGA; category 2, 3 and 4 in 
SmPC; category 3 in Reprotox.

Based on the information from each database, we 
classified the drugs that were used by the patients 
into the following: (1) no harmful effects for the 
foetus or newborn are to be expected, (2) the data 
situation is insufficient and therefore the drug use 
during pregnancy cannot be recommended and 
(3) the drug may interfere with the normal devel-
opment of a foetus.

We then calculated how many women with MS 
were taking drugs that potentially have harmful 
effects when used during pregnancy according 
to at least one database, according to ⩾ 2 or ⩾ 3 
databases or consistently according to all 4 data-
bases. We also calculated how many patients 
were simultaneously taking two, three, four or 
more drugs that are categorised as posing a risk 
to foetal development in at least one database.

Statistics
PASW Statistics 27 (IBM) was used for analysing 
the sociodemographic, clinical and pharmacolog-
ical data. Descriptive statistics included frequen-
cies, medians and ranges, and means and standard 
deviations. The patient cohort was divided into 
patients using either birth control pills or vaginal 
rings as contraceptives (PwCo) and patients not 
using such contraceptives (Pw/oCo) and patients 
with and without polypharmacy. Two-tailed 
Student’s t tests, chi-square tests, Fisher’s exact 
tests and Mann–Whitney U tests were used for 
the comparative analysis of patient groups and a 
significance level of α = 0.05 was set. Using a false 
discovery rate (FDR)35 of 5%, the alpha error 
accumulation caused by multiple testing was 
corrected.

Results

Clinical and demographic data
The study population consisted of 212 women 
with an average age of 36.3 ± 7.6 years. Most 

women were employed (52.8%), skilled workers 
(60.4%) and living in a partnership (75.5%). 
One-third of the female patients lived in a rural 
community (35.9%). Almost 40% of the women 
with MS were taking five or more medications 
(39.2%). The mean age at the onset of MS was 
27.8 ± 7.2 years, with a median disease duration 
of 7 years (range, 0–30 years) and a median EDSS 
score of 2.0 (range, 0.0–8.0). The most common 
disease course was relapsing–remitting MS 
(RRMS, 85.8%), followed by secondary progres-
sive MS (SPMS, 7.1%), CIS (6.1%) and primary 
progressive MS (PPMS, 1.0%). Most women 
had at least one concomitant disease in addition 
to MS (60.9%), with the number of concomitant 
diseases ranging from zero to seven (Table 1).

Use of contraceptives
Among the patients analysed, 101 women 
(47.6%) reported taking oral contraceptives or 
using vaginal rings (PwCo group). Polypharmacy 
was three times more frequent among PwCo than 
in Pw/oCo (59.4% versus 20.7%). PwCo took sig-
nificantly more medications than Pw/oCo (medi-
ans of 5 versus 3 medications). This was also 
reflected by significant differences between PwCo 
and Pw/oCo with respect to the use of long-term 
medications, Rx medications, DMDs and comor-
bidity medications, with PwCo taking signifi-
cantly more of those medications than Pw/oCo 
(p ⩽ 0.003). SPMS was more common in PwCo 
than in Pw/oCo (10.9% versus 3.6%). The aver-
age EDSS score was significantly higher in PwCo 
(2.8 versus 2.3). PwCo also had significantly more 
comorbidities than Pw/oCo (chi-square test: 
p = 0.009). There were no other significant differ-
ences between the two groups in the dataset 
(Table 1). For similar comparisons related to the 
polypharmacy status of the patients, the reader is 
referred to the Supplementary Tables 2–5.

Risk assessment of medications in terms of the 
potential harmfulness in pregnancy
The 212 patients took a total of 182 different 
drugs. The classification of the 182 different 
medications varied widely across the four data-
bases. The number of drugs classified as 
potentially harmful during pregnancy per 
database ranged from 8 (Embryotox) to 149 
(SmPC). The number of drugs classified as 
‘no indication of harmfulness in pregnancy’ 

https://journals.sagepub.com/home/taw
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Table 1.  Sociodemographic, clinical and pharmaceutical data of female MS patients of childbearing age stratified by contraceptive 
use.

Characteristic Total patient cohort
(n = 212)

Patients using 
contraceptivesa

(n = 101)

Patients using no 
contraceptivesa

(n = 111)

p

Sociodemographic data

Age at data acquisition (years), M (SD) [range] 36.3 (7.6) [19–48] 36.6 (7.0) [19–48] 36.0 (8.1) [19–48] 0.501t

School years, median [range] 10 [8–18] 10 [8–14] 10 [8–18] 0.205U

  Educational level, n (%)

0.086Chi

    No training 13 (6.1) 3 (3.0) 10 (9.0)
    Skilled worker 128 (60.4) 67 (66.3) 61 (55.0)
    Technical college 27 (12.7) 9 (8.9) 18 (16.2)
    University 44 (20.8) 22 (21.8) 22 (19.8)

  Employment status, n (%)

0.760Chi

    In training 7 (3.3) 3 (3.0) 4 (3.6)
    In studies 5 (2.4) 2 (2.0) 3 (2.7)
    Employed 112 (52.8) 50 (49.5) 62 (55.9)
    Unemployed 11 (5.2) 7 (6.9) 4 (3.6)
    Disability pensioned 69 (32.5) 36 (35.6) 33 (29.7)
    Others 8 (3.8) 3 (3.0) 5 (4.5)

  Partnership, n (%)

0.524Fi    Single 52 (24.5) 27 (26.7) 25 (22.5)
    Any partnership 160 (75.5) 74 (73.3) 86 (77.5)

  Place of residence, n (%)

0.499Chi

    Rural community 76 (35.9) 35 (34.7) 41 (36.9)
    Provincial town 38 (17.9) 15 (14.9) 23 (20.7)
    Medium-sized town 34 (16.0) 16 (15.8) 18 (16.2)
    City 64 (30.2) 35 (34.7) 29 (26.1)

  No. children, n (%)

0.861Chi
    0 84 (39.6) 43 (42.6) 41 (36.9)
    1 51 (24.1) 24 (23.8) 27 (24.3)

    ⩾2 77 (36.3) 34 (33.6) 43 (38.8)

  No. siblings, n (%)

0.199Chi
    0 25 (11.8) 10 (9.9) 15 (13.5)
    1 140 (66.0) 66 (65.3) 74 (66.7)

    ⩾2 47 (22.2) 25 (24.8) 22 (19.8)

Clinical data

  Patient care, n (%)

0.128Fi    Outpatient 169 (79.7) 76 (75.2) 93 (83.8)
    Inpatient 43 (20.3) 25 (24.8) 18 (16.2)

Age at MS onset (years), M (SD) [range] 27.8 (7.2) [12–47] 28.1 (6.5) [12–47] 27.5 (7.9) [12–47] 0.497t

(Continued)
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Characteristic Total patient cohort
(n = 212)

Patients using 
contraceptivesa

(n = 101)

Patients using no 
contraceptivesa

(n = 111)

p

Disease duration (years), median [range] 7 [0–30] 7 [0–30] 6 [0–26] 0.316U

EDSS, median [range] 2.0 [0–8] 2.0 [0–8] 2.0 [0–7.5] 0.022U

  Disease course, n (%)

0.206Chi

    CIS 13 (6.1) 5 (5.0) 8 (67.2)
    RRMS 182 (85.8) 84 (83.2) 98 (88.3)
    SPMS 15 (7.1) 11 (10.9) 4 (3.6)
    PPMS 2 (1.0) 1 (1.0) 1 (0.9)

  No. comorbidities, n (%)

0.009Chi*

    0 83 (39.1) 32 (31.7) 51 (45.9)
    1 56 (26.4) 24 (23.8) 32 (28.8)
    2 40 (18.9) 29 (28.7) 11 (9.9)
    3 18 (8.5) 7 (6.9) 11 (9.9)
    4 9 (4.2) 4 (4.0) 5 (4.5)

    ⩾5 6 (2.9) 5 (5.0) 1 (0.9)

Pharmaceutical data

Polypharmacy, n (%)

<0.001Fi**    No 129 (60.8) 41 (40.6) 88 (79.3)
    Yes 83 (39.2) 60 (59.4) 23 (20.7)

No. drugs taken, median [range]  

    All drugs 4 [0–15] 5 [1–15] 3 [0–11] <0.001U**

    Rx drugs 2 [0–14] 4 [0–14] 2 [0–7] <0.001U**

    OTC drugs 1 [0–6] 1 [0–6] 1 [0–5] 0.753U

    DOD 0 [0–7] 0 [0–7] 0 [0–4] 0.339U

    LTD 3 [0–11] 4 [0–11] 2 [0–9] <0.001U**

    DMDsb 1 [0–2] 1 [0–2] 1 [0–1] 0.003U*

    Symptomatic drugs 1 [0–9] 1 [0–9] 1 [0–5] 0.053U

    Comorbidity drugs 2 [0–10] 2 [0–10] 1 [0–6] <0.001U**

CIS, clinically isolated syndrome; DMDs, disease-modifying drugs for MS; DOD, drugs on demand; EDSS, Expanded Disability Status Scale; FDR, 
false discovery rate; LTD, long-term drugs; MS, multiple sclerosis; n, number of patients; No., number of; OTC, over-the-counter; p, p-value;  
PPMS, primary progressive multiple sclerosis; RRMS, relapsing–remitting multiple sclerosis; Rx, prescription; SD, standard deviation; SPMS, 
secondary progressive multiple sclerosis; Significance values <0.05 are indicated in bold.
*FDR < 0.05. **FDR < 0.001.
aThe grouping of patients was based on the use of either birth control pills or vaginal rings as hormonal contraceptives.
bThe use of methylprednisolone was counted within the DMD category.
ChiChi-squared test.
FiFisher’s exact test.
tTwo-sample two-tailed Student’s t test.
UMann–Whitney U test.

Table 1.  (Continued)
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per database ranged from 13 (SmPC) to 34 
(TGA) (Figure 1).

A few patients (6.6%) took either no medication 
(n = 3) or only medications that were not rated as 
potentially harmful in any of the four databases 
used (n = 11). Conversely, more than 93% of the 
patients (n = 198) had at least one drug in their 
medication plan that is not recommended during 
pregnancy according to at least one database. In 
7.5% of the patients analysed, at least one medi-
cation taken was classified as potentially harmful 
to the foetus in all four databases [Figure 2(a)]. 
The patients took a median of three drugs that 
were classified as potentially harmful during preg-
nancy in at least one database. One in five women 
(18.4%) took at least five medications classified 
as potentially harmful in at least one database 
(Table 2).

Almost all PwCo (98.0%) took at least one medi-
cation that was classified as potentially harmful in 
at least one database [Figure 2(b)]. In Pw/oCo, 
the respective proportion was significantly lower 
but still high (89.2%, Fisher’s exact test: 
p = 0.011). This was also reflected by the fact that 
PwCo took more medications classified as poten-
tially harmful for the foetus according to at least 
one database than Pw/oCo (median: 4 versus 2, 
Mann–Whitney U test: p < 0.001). PwCo were 
five times more likely to take five or more medica-
tions with possible foetal risk according to at least 

one database than Pw/oCo (31.7% versus 6.3%) 
(Table 2).

Risk classification of drugs frequently used
The most frequently used DMDs were inter-
feron (IFN) beta-1a (12.7%), glatiramer ace-
tate (GA) (12.3%) and fingolimod (9.9%) 
(Table 3). The most commonly used non-
DMDs were cholecalciferol (43.9%), ibuprofen 
(18.9%) and levothyroxine (14.2%). Three of 
these six drugs (IFN-beta-1a, fingolimod and 
ibuprofen) were classified as potentially harm-
ful to the unborn child when taken during 
(unplanned) pregnancy by two databases. 
Among the most commonly used drugs, chole-
calciferol, immunoglobulin G and magnesium 
were not found to be potentially harmful during 
pregnancy in any database. GA, which was clas-
sified as potentially harmful only in the SmPC, 
was used twice as often by Pw/oCo than by 
PwCo (17.1% versus 6.9%, Fisher’s exact test: 
p = 0.035) A complete list of drugs used with 
the respective risk classification is given in 
Supplementary Table 6.

Discussion
The onset of MS in women typically occurs 
during their childbearing years. Female patients 
are usually treated with DMDs, some of which 
carry a teratogenic risk (e.g. fingolimod and 

Figure 1.  Drug assessment based on databases recording potential effects during pregnancy. A total of 
182 different drugs were taken by the MS patients and classified based on different sources of information 
(Embryotox, TGA, SmPC and Reprotox). The figure shows the proportions of drugs, which were classified as not 
harmful in pregnancy or potentially interfering with the foetal development. For some drugs, no information 
was available in the databases.
n, number of drugs; SmPC, summaries of product characteristics; TGA, Therapeutic Goods Administration.
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Figure 2.  Proportion of female MS patients taking at least one drug not recommended during pregnancy 
stratified by the level of evidence. Shown is the proportion of women taking at least one drug classified as 
‘not recommended during pregnancy’ stratified by the number of databases (a) for the entire study population 
(n = 212) and (b) for the subgroups PwCo (n = 101) and Pw/oCo (n = 111). More than 90% of the patients took ⩾ 1 
drug not recommended during pregnancy by ⩾ 1 of the 4 databases used. Exactly 7.5% of the patients used ⩾ 1 
drug that was consistently classified as potentially harmful for the foetal development in all four databases. 
PwCo took significantly more often ⩾ 1 drug with potential harmfulness in pregnancy according to at least one or 
two databases than Pw/oCo.
n, number of patients; p, p value (Fisher’s exact test); PwCo, patients using contraceptives#; Pw/oCo, patients using no 
contraceptives#.
#The grouping of patients was based on the use of either birth control pills or vaginal rings as hormonal contraceptives.

teriflunomide).36 In this study, we performed a 
comprehensive evaluation of drugs used by 
women with MS in childbearing age with regard 
to the potential risk of harmful effects on the 
unborn child in the case of an unplanned preg-
nancy. For this purpose, four different evi-
dence-based drug databases were used to assess 
this risk. Earlier studies provided information 
about potential influences on the normal foetal 
development when taking selected medications 
during pregnancy.11 The special feature of our 
study is that we present an assessment of 182 
different drugs and that we included both 
DMDs and non-DMDs (i.e. symptomatic MS 
therapeutics and comorbidity drugs).

We found that 93.4% of the patients of childbear-
ing age took one or more drugs for which a pos-
sible harmful effect on the foetus is indicated in at 
least one database. Therefore, the use of effective 
contraceptives is an important issue in the MS 
treatment management. Hormonal contraception 
is one of the safest ways to prevent an unintended 
pregnancy,37 and in Germany, the ‘pill’ is the 
most commonly used contraceptive (47%), fol-
lowed by male condoms (46%) and intrauterine 
devices (10%).38 A previous study reported that 
40.0% of the patients with MS used combined 
oral contraceptives in the past.39 In our study, the 
proportion of patients taking birth control pills or 
vaginal rings was 47.6%. However, as a 
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Table 2.  Proportion of female MS patients taking one or more drugs not recommended during pregnancy 
according to at least one database.

No. of drugs with 
potential risk for 
the foetus

Total patient cohort
(n = 212)

Patients using 
contraceptivesa

(n = 101)

Patients using no 
contraceptivesa

(n = 111)

pChi

0 14 (6.6%) 2 (2.0%) 12 (10.8%) <0.001**

1 39 (18.4%) 6 (5.9%) 33 (29.7%)

2 50 (23.6%) 17 (16.8%) 33 (29.7%)

3 41 (19.3%) 23 (22.8%) 18 (16.2%)

4 29 (13.7%) 21 (20.8%) 8 (7.2%)

⩾5 39 (18.4%) 32 (31.7%) 7 (6.3%)

FDR, false discovery rate; MS, multiple sclerosis; n, number of patients; p, p value.
Shown is the number (percentage) of patients who took none, one or more drugs with potentially harmful effects on the 
foetus or newborn according to at least one of the four databases used; Significance values <0.05 are indicated in bold.
aThe grouping of patients was based on the use of either birth control pills or vaginal rings as hormonal contraceptives.
ChiChi-squared test.
**FDR <0.001

limitation, we did not take into account other 
contraceptive methods. There are multiple rea-
sons for this. On the one hand, we did not ask 
whether the woman had undergone sterilisation 
or whether her partner uses condoms for contra-
ception. On the other hand, contraceptives are 
not regularly listed in the medication plans (due 
to an insufficient exchange between treating phy-
sicians and because some contraceptives, e.g. 
copper-containing intrauterine devices, are classi-
fied as medical devices40 rather than drugs41) and 
some patients do not disclose their use (often 
because they do not consider them to be a medi-
cation). Therefore, we do not know the exact pro-
portion of patients who did not use contraceptives 
at all and the individual reasons for this decision.

Although it is recommended in the German 
guidelines for the treatment of MS that effective 
contraception should be ensured when adminis-
tering certain DMDs (e.g. cladribine, fingolimod, 
mitoxantrone, ocrelizumab or teriflunomide),20 
there are no explicit statements to use or avoid 
specific contraceptive methods. However, guide-
lines for the use of contraceptives in MS patients 
can be found in the US Medical Eligibility Criteria 
for Contraceptive Use.21 According to these rec-
ommendations, women with MS with prolonged 
immobility should use levonorgestrel-releasing or 
copper-containing intrauterine devices (grade 1) 
rather than combined hormonal contraceptives 

(grade 3) because of concerns about possible 
venous thromboembolism, whereas no restric-
tions apply to women with MS without prolonged 
immobility.37 There are also recommendations 
for contraceptive use at the international level by 
the World Health Organisation.42 However, these 
do not provide any specific guidance for patients 
with MS.

For long-term therapy planning, physicians 
should regularly check the patient’s desire to have 
a child. A drug review should be conducted if the 
patient wishes to become pregnant to evaluate the 
entire current medication for reproductive toxic-
ity. In particular, the use of DMDs for the treat-
ment of MS in women who wish to become 
pregnant should always be based on an individual 
consideration of risks and benefits.43 There are 
DMDs for which foetal risks cannot be excluded. 
Discontinuing the therapy with such DMDs in 
patients with a desire to become pregnant serves 
to protect an unborn child from potential conse-
quences on its development.44–47 For the mother, 
however, the discontinuation of DMD treat-
ment implicates an increased risk of disease 
activity in the period up to conception and until 
after birth, although it has been established that 
the rate of MS relapses is markedly decreased 
during pregnancy.48 Therefore, in women with 
MS who wish to become pregnant, the use of 
DMDs that are contraindicated in pregnancy 
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Table 3.  Most frequently used drugs with level of evidence of potentially harmful effects on foetal development during pregnancy.

Drug Total patient 
cohort
(n = 212)

Patients using 
contraceptivesa 
(n = 101)

Patients using no 
contraceptivesa

(n = 111)

pFi No. of databases 
indicating potential 
foetal risk

DMDs

IFN beta-1a 27 (12.7%) 15 (14.9%) 12 (10.8%) 0.415 2

GA 26 (12.3%) 7 (6.9%) 19 (17.1%) 0.035 1

Fingolimod 21 (9.9%) 10 (9.9%) 11 (9.9%) 1.000 2

Alemtuzumab 17 (8.0%) 9 (8.9%) 8 (7.2%) 0.801 1

Methylprednisoloneb 16 (7.5%) 16 (15.8%) 0 (0.0%) <0.001** 2

Natalizumab 16 (7.5%) 12 (11.9%) 4 (3.6%) 0.035 2

Dimethyl fumarate 15 (7.1%) 5 (5.0%) 10 (9.0%) 0.293 1

Teriflunomide 14 (6.6%) 5 (5.0%) 9 (8.1%) 0.416 3

Ocrelizumab 8 (3.8%) 7 (6.9%) 1 (0.9%) 0.029 3

Immunoglobulin G 7 (3.3%) 3 (3.0%) 4 (3.6%) 1.000 0

Cladribine 4 (1.9%) 2 (2.0%) 2 (1.8%) 1.000 3

Mitoxantrone 3 (1.4%) 1 (1.0%) 2 (1.8%) 1.000 1

Azathioprine 1 (0.5%) 0 (0.0%) 1 (0.9%) 1.000 3

IFN beta-1b 1 (0.5%) 1 (1.0%) 0 (0.0%) 0.476 2

Non-DMDs

Cholecalciferol 93 (43.9%) 41 (40.6%) 52 (46.8%) 0.407 0

Ibuprofen 40 (18.9%) 19 (18.8%) 21 (18.9%) 1.000 2

Levothyroxine 30 (14.2%) 30 (29.7%) 0 (0.0%) <0.001** 1

Magnesium 27 (12.7%) 14 (13.9%) 13 (11.7%) 0.684 0

Pantoprazole 24 (11.3%) 20 (19.8%) 4 (3.6%) <0.001** 2

Cyanocobalamin 21 (9.9%) 9 (8.9%) 12 (10.8%) 0.819 1

Enoxaparin 17 (8.0%) 16 (15.8%) 1 (0.9%) <0.001** 2

Ethinylestradiol with levonorgestrel 14 (6.6%) 14 (13.9%) 0 (0.0%) <0.001** 2

Zopiclone 13 (6.1%) 10 (9.9%) 3 (2.7%) 0.042 2

Baclofen 11 (5.2%) 8 (7.9%) 3 (2.7%) 0.122 3

Escitalopram 11 (5.2%) 6 (5.9%) 5 (4.5%) 0.760 2

DMDs, disease-modifying drugs for MS; FDR, false discovery rate; MS, multiple sclerosis; n, number of patients; non-DMDs, drugs other than 
DMDs taken by more than 5% of the patients with MS; p, p value.
Shown is the number (percentage) of patients using the drug and the number of databases containing the information that the drug may interfere 
with normal foetal development, with a larger number of databases indicated by a darker red colour; Significance values <0.05 are indicated in 
bold.
**FDR < 0.001.
aThe grouping of patients was based on the use of either birth control pills or vaginal rings as hormonal contraceptives.
bQuarterly pulse therapy or acute relapse therapy.
FiFisher’s exact test.
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might be discontinued in a controlled manner or, 
depending on the patient’s history of disease 
activity, switched to a therapy with IFN-beta or 
GA, as these DMDs are considered safe in the 
first weeks of pregnancy for both the mother and 
the child.33

IFN-beta-1a (which was taken by 12.7% of our 
patients) and GA (which was taken by 12.3% of 
our patients) were the most commonly used 
DMDs in our study. According to the SmPC, 
there is no evidence of an increased foetal risk 
when using IFN-beta-1a in the first trimester,33 
but there are insufficient data for the second and 
third trimesters. The SmPC also states that ani-
mal studies suggested an increased risk of sponta-
neous abortions following IFN-beta 
administration. However, in humans, no correla-
tion between the use of IFN-beta-1a in early 
pregnancy and an increased rate of spontaneous 
abortions was found.49 Giannini et al.50 reported 
seven spontaneous abortions in 88 pregnancies 
exposed to IFN-beta and one spontaneous abor-
tion in 17 pregnancies exposed to GA. The 
respective risks of spontaneous abortion are com-
parable to that of the general population.51 
According to the German guidelines20 and the 
European guidelines52 on the pharmacological 
treatment of MS, the therapy with GA and IFN-
beta can be thus continued until pregnancy is 
confirmed and also continuing this therapy dur-
ing pregnancy may be considered in some cases if 
there is a high risk of disease reactivation.

Some experts recommend the same approach 
when using natalizumab, which received 7.5% of 
our patients. Accordingly, the therapy with natali-
zumab might not be stopped until pregnancy is 
achieved or even until week 34 of pregnancy.53,54 
The patient can be actively involved in such a 
treatment decision after full discussion of poten-
tial implications. However, in our study, we did 
not ascertain whether some of the patients had 
consciously decided not to use contraception and 
to continue the therapy after consulting their doc-
tor. We also did not survey whether the patients 
would like to receive a better counselling from the 
neurologist on the use of medications in the con-
text of pregnancy.

Fingolimod and teriflunomide, which were taken 
by 9.9% and 6.6% of the patients in our study, 
respectively, carry a potential risk of an abnormal 
foetal development according to information 

from the SmPC and TGA. In preclinical studies, 
fingolimod was found to be associated with an 
increased teratogenic risk.55 The use of fingoli-
mod during pregnancy is contraindicated, as a 
doubled risk of congenital malformations has 
been shown.33 Women of childbearing age are 
therefore advised to use effective contraception 
methods during fingolimod therapy.33 After dis-
continuation of fingolimod, a washout period of 
at least 2 months prior to conception is recom-
mended.33 Contraception should be continued 
during the washout period. In our cohort, there 
were 9 women taking teriflunomide and 11 
women taking fingolimod despite not using oral 
contraceptives or vaginal rings. Although other 
contraceptive methods may have been used, this 
may indicate the need that the treating physician 
should regularly check that appropriate contra-
ception is being followed in female MS patients of 
childbearing age.

The timing is an important factor in assessing 
potential risks to foetuses. This applies, for 
instance, to the DMDs cladribine and alemtu-
zumab which are administered in annual treat-
ment cycles and can provide long-term disease 
control. In our study, a subset of 8.0% and 1.9% 
of the patients, respectively, were on these DMDs 
at the time of data collection (i.e. they received a 
dose within the past year). It is currently advised 
that conception should not be attempted until at 
least 6 months after cladribine intake and until at 
least 4 months after the last dose of alemtuzumab, 
ideally until the end of the treatment cycle.20,33 
Another example where the duration and fre-
quency of drug administration matters is corticos-
teroid pulse therapy: 12 of our patients received 
intravenous methylprednisolone (which has a 
short half-life) quarterly for 3–5 consecutive days. 
In our study, we always considered all the drugs 
in the medication plans, regardless of their time 
window of action. Our risk assessment is thus 
overly conservative, which leads to an overestima-
tion of the actual risk of drug exposure and side 
effects under (unplanned) pregnancy.

In addition to DMDs, many MS patients have to 
be treated with symptomatic MS drugs and drugs 
for comorbidities (not related to MS) or other 
conditions. In our study, 43.9% of the patients 
took vitamin D supplements in the form of chole-
calciferol, albeit there is currently no conclusive 
evidence for the benefit of cholecalciferol in MS. 
Some studies reported a reduction in disease 
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activity,56,57 whereas other studies failed to iden-
tify definitive benefits from the treatment with 
cholecalciferol in patients with MS.58,59 The use 
of cholecalciferol in pregnancy does not need to 
be restricted according to the information from 
all four databases used. However, an issue that 
should not be neglected is the correct and ade-
quate use of cholecalciferol. Prolonged excess of 
vitamin D intake can lead to intoxication with 
devastating consequences, such as pancreatitis or 
kidney failure.60,61 Approximately 10% of the 
patients in our study were taking magnesium and 
cyanocobalamin (vitamin B12), respectively. 
Interest in such nutritional supplements has 
increased among MS patients in recent years.62 
Dietary supplements might have a positive influ-
ence on the quality of life of MS patients,63,64 but 
further clinical trials are needed to gain a deeper 
understanding of the use of taking dietary supple-
ments in MS.62

Ibuprofen was the second most commonly used 
non-DMD in our study. It is often used in the 
treatment of MS symptoms.65 However, patients 
with MS also use ibuprofen to treat flu-like symp-
toms that can occur after the administration of 
IFN-beta preparations.66 Women becoming 
aware of their pregnancy are advised to avoid ibu-
profen because of the risks it poses for the foetus. 
Ibuprofen is even contraindicated in the third tri-
mester because it has been associated with foetal 
renal dysfunction and cardiopulmonary abnor-
malities according to the SmPC.33 In this study, 
we did not distinguish between different levels of 
risk across the trimesters. It should be noted that, 
while various medicines are known to have a 
potentially harmful effect in the first two trimes-
ters, such as carbamazepine and phenprocou-
mon,33 there is typically much less data on the 
safety of drugs in the third trimester, because in 
clinical studies, the medication is generally 
stopped when pregnancy is known, and real-
world evidence is often limited.

In this study, we used data from four different 
databases to assess for each drug whether there 
is a potential risk of harmful effects on unborn 
children. To our knowledge, no previous study 
has assessed the potential harmfulness of drugs 
to foetuses in patients with MS on the basis of 
multiple databases in a real-world setting. 
However, the information provided by the indi-
vidual databases is very heterogeneous in terms 

of harmfulness and up-to-dateness. Some of the 
databases are incomplete. For example, the 
Embryotox database currently lacks some 
DMDs for the treatment of MS, such as ocreli-
zumab and cladribine. Because of the different 
rating scales (Supplementary Table 1), it is 
rather difficult to make a consistent statement 
about the harmfulness of each drug to the 
unborn child.

Focused and frequent consultations between MS 
patients and treating physicians with regard to 
medications, side effects and planned pregnan-
cies can be very useful and should be extended. 
These could improve the use of contraceptives in 
women with MS to reduce the likelihood of 
unplanned pregnancies and drug-exposed preg-
nancies. A review that was composed of informa-
tion from 25 different randomised controlled 
trials pointed out the positive effects of motiva-
tional interviewing in terms of effective contra-
ception in women.67 Early planning and open 
consultations allow for adequate medication 
changes and necessary washout periods of medi-
cations with potential foetal risk. The treating 
physician should openly discuss the possible risks 
of Rx and OTC medications in the context of an 
intended or unplanned pregnancy with the 
patients. It would also be important to improve 
the interdisciplinary cooperation between the var-
ious specialists, such as family doctors, gynaecol-
ogists, pharmacists and neurologists. An early 
and timely expression of a pregnancy wish allows 
all specialties to jointly prepare a medication plan 
that would be well adapted to the needs of the 
mother and her foetus.

This study has several limitations. Due to the 
cross-sectional design of this study, we did not 
capture changes in the patient’s medication use 
over time. Therefore, longitudinal data are 
needed to conduct further investigations. The 
limited number of patients impeded to draw 
firm conclusions on the use of individual drugs 
or drug combinations in women with MS of 
childbearing age. Because this study was con-
ducted in Germany, it is also not possible to 
make generalised statements on the use of 
DMDs for MS and contraceptives in other coun-
tries. We grouped the patients by the use of oral 
contraceptives or vaginal rings. However, other 
contraceptive methods, such as transdermal 
patches, intrauterine devices, female sterilisation 
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and barrier methods of contraception, were not 
considered in this work. Of note, in the United 
States, unlike in Germany,38 female sterilisation 
is the most commonly used contraceptive 
method (with high proportions in women aged 
30 years and older), followed by oral contracep-
tive pills (which are preferred by women below 
the age of 30 years).68 Furthermore, the record-
ing of OTC drugs taken was based on the infor-
mation provided by the patients and may not be 
accurate due to erroneous omission of medica-
tions during the interview. Finally, we focused 
on women of childbearing age in this study, but 
male fertility may also be affected by MS medi-
cation use, which could be analysed in more 
detail as well.

Conclusion
In this study, data from four different databases 
on a wide spectrum of drugs were collected to 
analyse whether women with MS (n = 212) used 
drugs with known possibility of harm to the 
development of an unborn child if taken during 
an (unplanned) pregnancy. We found that 
89.2% of the female MS patients who did not 
use birth control pills or vaginal rings for contra-
ception took at least one medication that was 
classified as posing a potential risk to the foetus 
according to at least one database. A percentage 
of 6.3% of these women were even taking five or 
more drugs for which at least one database indi-
cated that they may have harmful effects during 
pregnancy. Furthermore, 7.5% of all women 
were taking drugs for which potential harmful 
effects were consistently recorded in all four 
databases used. An improved communication 
between neurologists, gynaecologists, pharma-
cists and the patients is needed to ensure that the 
use of DMDs fits well with the family planning 
and is in line with current treatment recommen-
dations for MS. The issue of contraception 
should be regularly discussed with the patient to 
prevent an unintended pregnancy and avoid 
possible drug side effects to mother and child.
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