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Introduction
Potential drug–drug interactions (pDDIs) occur 

when the pharmacodynamics or pharmaco­

kinetics of an active substance are affected by the 

intake of other drugs. Changes in drug meta­

bolism such as induction or inhibition of CYP 

enzymes may be observed due to pDDIs. As a 

result, pDDIs lead to adverse drug effects that 

may have serious consequences for the patients. 

It is estimated that 200,000 to 1 million patients 

are seriously affected by pDDIs each year in 

Germany alone.1 The number of aged and multi­

morbid patients is increasing rapidly, and conse­

quently, the number of prescribed medications, 

leading to an exponential increase in the number 

of pDDIs.1 Older age typically implies taking a 

greater number of medications prescribed by dif­

ferent healthcare providers, which increases the 
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risk for clinically relevant pDDIs.2 pDDIs are 

responsible for 1–5% of hospitalisations.3 Moura 

et al.4 focused on the economic and clinical prob­

lems and they demonstrated that pDDIs are 

associated with prolonged hospitalisations (15 

versus 8 days) as well as additional costs to the 

health care system (US$192 or more per hospi­

talisation). In a US study, the burden of pDDIs 

on the health care system was reported to be 

between $30 and $180 billion annually.5,6 As a 

leading cause of increased morbidity and mortal­

ity, 770,000 deaths per year can be attributed to 

pDDIs, which contribute to about 20% of all 

reported adverse drug events.7

Potential drug–food interactions (pDFIs) are 

another cause of adverse drug reactions. Food 

can regulate the metabolism of drugs, for exam­

ple, via CYP enzymes and lead to altered drug 

levels, resulting in increased or decreased drug 

effects. To improve therapeutic outcomes, it is 

important for pharmacists and prescribing physi­

cians to identify efficacy­influencing food, ingre­

dients beverages and dietary/lifestyle habits.8

Multiple sclerosis (MS) is an immune­mediated 

demyelinating disease of the central nervous sys­

tem associated with inflammation and degenera­

tion.9 Worldwide, over 2 million people are affected 

by MS, with an increasing trend (1990 versus 

2016: + 10.4%).10,11 MS can occur in different 

disease courses: primary progressive MS (PPMS), 

relapsing­remitting MS (RRMS) or secondary 

progressive MS (SPMS). A clinically isolated syn­

drome (CIS) often characterises the initial stage of 

the disease.12,13 As a multifaceted disease, MS can 

cause a variety of symptoms such as spasticity, 

bladder dysfunction, visual problems or cognitive 

and psychological changes.14 The drug therapy of 

MS is divided into relapse therapy, disease­modify­

ing therapy and medication for symptom reduction 

(e.g. antispasmodics like baclofen or cannabi­

noids).15–18 Disease­modifying drugs (DMDs) are 

used for immunomodulating treatment.19–21 This is 

supplemented by symptomatic therapies and 

comorbidity drugs.14,22 To maintain quality of life 

and improve functional outcomes, many patients 

seek additional help in the use of complementary 

and alternative medicines (CAM) such as dietary 

supplements or herbal drugs.23–25 It was reported 

that 67% to 80% of MS patients use CAM and half 

of them even as an alternative to conventional ther­

apies.26,27 For example, vitamin D supplementa­

tion is often part of a nutritional health plan because 

low cholecalciferol levels in serum have been asso­

ciated with a higher risk of relapses.28

The combined use of DMDs, symptomatic thera­

peutics, comorbidity drugs and CAM increases 

the risk of polypharmacy.29,30 According to the 

most common definition, polypharmacy means 

taking five or more drugs.31 In a systematic review 

of seven studies, we found a polypharmacy rate of 

15–59% in patients with MS.32 In a previous 

study, we also analysed pDDIs in a cohort of 

women of childbearing age with MS (N = 131). 

Clinically relevant pDDIs were six times more 

frequent in women with polypharmacy than in 

women without polypharmacy.33

In the present study, we captured the full spectrum 

of pDDIs in a large cohort of patients with MS. By 

identifying frequently interacting drugs and com­

mon pDDIs, we aimed to raise awareness of avoid­

able drug combinations and potentially serious 

consequences, especially in patients affected by poly­

pharmacy. We also evaluated the severity of pDFIs 

to assess their clinical relevance and provide recom­

mendations for optimising pharmacotherapy in MS.

Materials and methods

Study population
The data for this cross­sectional study were  

collected from March 2017 to May 2020 at the 

neuro logical department (neuroimmunology  

section) of the Rostock University Medical 

Centre and at the neurological department of 

the Ecumenical Hainich Hospital Mühlhausen 

(Germany). Patients younger than 18 years and 

subjects without the diagnosis of MS or CIS 

according to the revised McDonald criteria were 

excluded.34 For data collection, we asked inpa­

tients during their hospital stay and outpatients in 

the waiting period before their routine examina­

tion to voluntarily participate in our study. With 

informed written consent, we acquired data from 

a total of 627 participants. This study thus 

included more patients than our previous study 

on MS (n = 131) and comparable studies on the 

analysis of pDDIs in other disease contexts (up to 

n = 481).33,35–38 Approval for this study was 

granted by the ethics committees of the Thuringia 

Medical Association and the Rostock University 

Medical Centre (approval numbers A 2014­0089 

and A 2019­0048). The study was conducted in 

accordance with the Declaration of Helsinki.
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Data acquisition
Clinical, pharmaceutical and sociodemographic 

data of the included patients were collected based on 

a structured interview, supplemented by anamnesis, 

a review of patient records and a clinical examina­

tion. We considered prescription drugs (Rx), over­

the­counter drugs (OTC), dietary supplements (e.g. 

vitamins and minerals) and CAM in order not to 

miss any drug intake outside the doctor’s ‘radar’.

The data were divided into three categories:

1. Sociodemographic data: We obtained data

on age, sex, partnership, employment status, 

school years (without training or university

studies), level of education, number of chil­

dren and siblings as well as place of residence 

(<5000 residents: rural community, 5000–

19,999: provincial town, 20,000–99,999:

medium­sized town, ⩾100,000: city).

2. Clinical data: This category comprised dis­

ease duration, disease course (CIS, RRMS,

PPMS or SPMS), the number and types of

comorbidities and the degree of disability

according to the Expanded Disability Status 

Scale (EDSS).39

3. Pharmaceutical data: The data collected

included all medications taken per patient

with the corresponding names of active

ingredients, the trade names of the drugs,

the types of application and dosages.

Classification of drugs
The medicines were divided into three categories:

1. Therapy goal: We distinguished DMDs,

symptomatic drugs and comorbidity drugs.

DMDs are immunomodulatory drugs for

the therapy of MS. Methylprednisolone was 

included as DMD because it was used for

relapse therapy or as repeated pulse therapy

for progressive courses. Symptomatic drugs

are used to relieve the various symptoms of

MS. Comorbidity drugs are medications to

treat comorbidities not related to MS.

2. Period of drug intake: We differentiated

between long­term drugs (taken daily or at

regular intervals) and on­demand drugs

(pro re nata, PRN) which are used sporadi­

cally or acutely.

3. Access: We distinguished drugs that are

available only as OTC or on prescription

(Rx). OTC drugs also include preparations

that are sold in small doses without a pre­

scription, but require a prescription in 

higher doses (e.g. ibuprofen).

Following the most frequently used definition, 

polypharmacy was present if five or more medica­

tions were taken by the patient.31

Identification of drug–drug and drug–food 
interactions
For the determination of pDDIs and pDFIs, we 

used two online drug interaction databases: 

Drugs.com Drug Interactions Checker and Stockley’s 

Interactions Checker. The database search was per­

formed from May 2020 to October 2020 using 

either the trade names or the active ingredients of 

the drugs as appropriate.

Drugs.com is a free online database, which provides 

information on more than 24,000 prescription and 

OTC medicines as well as herbal pharmaceuticals 

for patients and medical professionals. In Drugs.

com, pDDIs are distinguished according to three 

levels of severity: major (highly clinically signifi­

cant), moderate (moderately clinically significant) 

and minor (minimally clinically significant).

Stockley’s Interactions Checker, maintained by the 

Royal Pharmaceutical Society, is a subscription­

based tool for identifying pDDIs. It contains over 

85,000 interactions and is aimed at healthcare 

professionals. It provides drug interactions with 

food, beverages and smoking as well as inter­

actions between drugs and herbs. Stockley’s 

Interactions Checker also classifies the severity of 

pDDIs into three groups: severe (high clinical rel­

evance), moderate (moderate clinical relevance) 

and minor (minimal clinical relevance).

Summary score of pDDI and pDFI severity
To combine the information on pDDI severity 

from Drugs.com and Stockley’s, we assigned scores 

to each severity level: zero points (no evidence of 

interaction), one point (minor/mild), two points 

(moderate) and three points (major/severe). 

For each pDDI, the sum of the scores of the two 

databases was then used to define five degrees of 

pDDI severity (mild, mild­moderate, moderate, 

moderate­severe and severe). In the case of 

pDFIs, we adhered to the three­level severity rat­

ing from mild to severe, while discrepancies in the 

information from Drugs.com and Stockley’s were 
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resolved by considering only the higher pDFI 

severity rating in further analyses.

Statistical analysis
For the statistical analysis of the data, we used 

IBM SPSS Statistics 27.0 and R version 3.6.0. 

Descriptive statistics of sociodemographic, clinical 

and pharmaceutical data as well as pDDI and 

pDFI data were obtained as means (± standard 

deviation), medians, ranges, frequencies and per­

centages. For comparing patients with polyphar­

macy (Pw/P) and patients without polypharmacy 

(Pw/oP), we used the following statistical tests: 

Fisher’s exact test, chi­square test, Mann–Whitney 

U test and two­sample two­tailed t test as appro­

priate. The significance level was set at α = 0.05. 

Binary logistic regression analyses were performed 

to evaluate the association of sociodemographic, 

clinical and pharmaceutical data with the presence 

of at least one pDDI or at least one moderate­

severe/severe pDDI. To determine the combined 

effect of those variables on the occurrence of at 

least one pDDI, we used multiple logistic regres­

sion analysis with forward selection based on like­

lihood ratio statistics. The figures were created 

with Microsoft Office Professional Plus 2016, R 

package corrplot and Cytoscape version 3.9.0.

Results

Characterisation of the study population
In our cohort of 627 patients, the mean age 

[+standard deviation (SD)] was 48.6 (±13.3) 

years, and the proportion of female patients was 

70.3%. The median EDSS score was 3.5 and the 

median disease duration was 10 years. Regarding 

disease course, 415 patients (66.2%) had CIS/

RRMS, followed by 154 patients (24.6%) with 

SPMS and 58 patients (9.3%) with PPMS. Seven 

patients did not take any medication. The other 

620 patients with CIS/MS took 3341 medications 

in total (counted with repetitions). The median 

number of medications taken was five. The 

patients were six times more likely to take long­

term medications than on­demand medications 

(4.6 drugs versus 0.8 drugs on average). On aver­

age, 4.2 Rx drugs were taken, compared with an 

average of 1.1 OTC drugs. Regarding the treat­

ment goal, 82.8% of the MS patients took DMDs. 

A mean of 2.0 drugs were taken for symptom 

reduction and an average of 2.5 drugs were taken 

to treat comorbidities (Table 1).

Comparison of patients with and without 
polypharmacy
There were 334 patients (53.3%) with polyphar­

macy (Pw/P) and 293 (46.7%) patients without 

polypharmacy (Pw/oP). Pw/P were on average 

9.4 years older than Pw/oP (p < 0.001, t test). The 

median EDSS score was 4.5 for Pw/P and 2.0 for 

Pw/oP. The median disease duration was 3.5 years 

longer for Pw/P than for Pw/oP. Comorbidities 

were present in 83.8% of Pw/P compared with 

46.8% of Pw/oP (p < 0.001, Mann–Whitney U 

tests) (Supplementary Table 1).

pDDIs
We recorded 2587 pDDIs in the data set 

(counted with repetitions, 1211 different pDDIs 

without repetitions, Supplementary Table 2). 

The majority of pDDIs were mild (57.1%). 

Moderate­severe and severe interactions 

together accounted for slightly more than 10% 

of all pDDIs (9.5% and 3.4%, respectively) 

(Figure 1).

In the total population, 408 patients (65.1%) 

had at least one pDDI. In contrast, we detected 

no pDDI for 219 patients (34.9%). The 

patients with pDDIs were on average 9 years 

older and had a 3 years longer disease duration 

than the patients without pDDIs. Patients 

without pDDIs had a median EDSS score of 

2.0 whereas patients with at least one pDDI 

had a median EDSS score of 4.0. The median 

number of medications taken was 6 in patients 

with at least one pDDI and 2 in patients with­

out pDDIs. In patients without pDDIs, CIS/

RRMS was by far the most common course of 

MS (87.7% of patients), whereas in patients 

with at least one pDDI, SPMS and PPMS  

also accounted for large proportions (CIS/

RRMS: 54.7%, SPMS: 33.3%; PPMS: 12.0%) 

(Table 1). The median number of pDDIs was 

4 for Pw/P and 0 for Pw/oP (p < 0.001, Mann–

Whitney U test) (Supplementary Table 1). 

There were 73 patients (11.6%) taking at least 

10 drugs (excessive polypharmacy). For those, 

the median number of pDDIs was 15 (range: 

2–55) and 32.9% of them had at least one 

severe pDDI.

When comparing the prevalence of pDDIs (inde­

pendently of pDDI severity) Pw/P had clearly 

more often ⩾1 pDDI as compared with Pw/oP 

(93.1% versus 33.1%) (Figure 2).
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Table 1. Sociodemographic, clinical and pharmaceutical data of MS patients with and without pDDIs.

Parameter All patients (N = 627) Patients with ⩾1 pDDI (N = 408) Patients with no pDDI (N = 219) p-value

Sociodemographic data

 Sex 0.927a

  Female 441 (70.3%) 286 (70.1%) 155 (70.8%)

  Male 186 (29.7%) 122 (29.9%) 64 (29.2%)

Age (years) 19–86b 48.6 (13.3)c 21–86b 51.9 (12.6)c 19–75b 42.5 (12.5)c
<0.001d

School years  6–18b 10.5 (1.3)c  6–18b 10.3 (1.2)c  8–14b 10.8 (1.3)c
<0.001d

Educational level <0.001e

  No training 19 (3.0%) 12 (2.9%) 7 (3.2%)

  Skilled worker 398 (63.5%) 280 (68.6%) 118 (53.9%)

  Technical college 89 (14.2%) 56 (13.7%) 33 (15.1%)

  University 121 (19.3%) 60 (14.7%) 61 (27.9%)

Employment status <0.001e

  In training 7 (1.1%) 2 (0.5%) 5 (2.3%)

  In studies 6 (1.0%) 1 (0.2%) 5 (2.3%)

  Employed 269 (42.9%) 130 (31.9%) 139 (63.5%)

  Unemployed 25 (4.0%) 13 (3.2%) 12 (5.5%)

  Retired 304 (48.5%) 253 (62.0%) 51 (23.3%)

  Others 16 (2.6%) 9 (2.2%) 7 (3.2%)

 Partnership 0.702a

  No 162 (25.8%) 103 (25.2%) 59 (26.9%)

  Yes 465 (74.2%) 305 (74.8%) 160 (73.1%)

Place of residence 0.040e

  Rural community 224 (35.7%) 150 (36.8%) 74 (33.8%)

  Provincial town 108 (17.2%) 77 (18.9%) 31 (14.2%)

  Medium-sized town 112 (17.9%) 77 (18.9%) 35 (16.0%)

  City 183 (29.3%) 104 (25.5%) 79 (36.1%)

Number of children 0–4b 1f 0–4b 1f 0–4b 1f 0.003g

  0 169 (27.0%) 91 (22.3%) 78 (35.6%)

  1 170 (27.1%) 118 (28.9%) 52 (23.7%)

  ⩾2 288 (45.9%) 199 (48.8%) 89 (40.6%)

Number of siblings 0–13b 1f 0–13b 1f 0–11b 1f 0.035g

  0 71 (11.3%) 40 (9.8%) 31 (14.2%)

  1 305 (48.6%) 194 (47.5%) 111 (50.7%)

  ⩾2 251 (40.0%) 174 (42.6%) 77 (35.2%)

Clinical data

EDSS score 0–9.0b 3.5f 0–9.0b 4.0f 0–7.5b 2.0f
<0.001g

 (Continued)
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Parameter All patients (N = 627) Patients with ⩾1 pDDI (N = 408) Patients with no pDDI (N = 219) p-value

Disease duration (years) 0–52b 10f 0–50b 12f 0–52b 9f
<0.001g

Disease course <0.001e

  CIS/RRMS 415 (66.2%) 223 (54.7%) 192 (87.7%)

  SPMS 154 (24.6%) 136 (33.3%) 18 (8.2%)

  PPMS 58 (9.3%) 49 (12.0%) 9 (4.1%)

 Comorbidities 0–9b 1f 0–9b 1f 0–7b 0f
<0.001g

  No 184 (29.3%) 68 (16.7%) 116 (53.0%)

  Yes 443 (70.7%) 340 (83.3%) 103 (47.0%)

 Polypharmacy <0.001a

  No 293 (46.7%) 97 (23.8%) 196 (89.5%)

  Yes 334 (53.3%) 311 (76.2%) 23 (10.5%)

Pharmaceutical data

Number of drugs taken 0–19b 5f 2–19b 6f 0–9b 2f
<0.001g

  0 7 (1.1%) 0 (0.0%) 7 (3.2%)

  1–4 286 (45.6%) 97 (23.8%) 189 (86.3%)

  5–9 261 (41.6%) 238 (58.3%) 23 (10.5%)

 ⩾ 10 73 (11.6%) 73 (17.9%) 0 (0.0%)

Drugs divided by

Period of drug intake

  Long-term drugs 0–16b 4.6 (3.1)h 1–16b 5.8 (3.0)h 0–9b 2.2 (1.5)h
<0.001g

  PRN drugs 0–7b 0.8 (1.2)h 0–7b 1.0 (1.3)h 0–5b 0.4 (0.8)h
<0.001g

 Access

  Rx drugs 0–18b 4.2 (3.0)h 1–18b 5.4 (3.0)h 0–6b 1.9 (1.2)h
<0.001g

  OTC drugs 0–8b 1.1 (1.3)h 0–8b 1.4 (1.3)h 0–7b 0.7 (1.1)h
<0.001g

Therapy goal

  DMDs 0–2b 0.9 (0.4)h 0–2b 0.9 (0.4)h 0–1b 0.7 (0.4)h
<0.001g

  Symptomatic drugs 0–9b 2.0 (2.0)h 0–9b 2.6 (2.0)h 0–8b 0.8 (1.1)h
<0.001g

  Comorbidity drugs 0–14b 2.5 (2.4)h 0–14b 3.3 (2.6)h 0–6b 1.0 (1.1)h
<0.001g

p-value for comparing patients with and without pDDIs (significant differences are indicated in bold). CIS, clinically isolated syndrome; DMD, 
disease-modifying drug; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; N, number of patients; OTC, over-the-counter; pDDI, 
potential drug–drug interaction, PPMS, primary progressive MS; PRN, pro re nata; RRMS, relapsing-remitting MS; Rx, prescription; SPMS, 
secondary progressive MS.
aFisher’s exact test.
bRange.
cMean value (standard deviation).
dTwo-sample two-tailed t test.
eChi-squared test.
fMedian.
gMann–Whitney U test.
hAverage number of drugs taken per patient (standard deviation).

Table 1. (Continued)
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Figure 1. Percentage distribution of severity of drug–drug interactions in patients with MS. In this study, 627 MS patients had a 
total number of 2587 pDDIs. This chart shows the frequencies of the five pDDI severity levels. Most pDDIs were mild (57.1%), while 
moderate pDDIs had a share of 17.4%. Moderate-severe or severe interactions accounted for 12.9% of all interactions.
MS, multiple sclerosis; pDDIs, potential drug–drug interactions.

Figure 2. Comparison of the prevalence of pDDIs of different severity degrees between MS patients with and without polypharmacy. 
The proportion of patients having pDDIs was significantly higher in Pw/P versus Pw/oP for each degree of severity (Fisher’s exact 
test p < 0.001). Pw/P were three times more likely to have ⩾1 pDDI than Pw/oP (93.1% versus 33.1%). The distribution of the severity 
degrees was skewed towards more severe interactions in Pw/P as compared with Pw/oP (chi-square test p = 0.001). Pw/P had a 
roughly 10-fold higher risk of severe interactions. pDDIs were determined using Stockley’s Interactions Checker and Drugs.com 
Interactions Checker. Note that the patients could have several pDDIs of different severities at the same time.
MS, multiple sclerosis; pDDIs, potential drug–drug interactions; Pw/oP, patients without polypharmacy; Pw/P, patients with polypharmacy.
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Associations of sociodemographic, clinical and 
pharmaceutical data with the occurrence of 
pDDIs
Independent associations were found between 

the following sociodemographic variables and the 

presence of at least one pDDI: age, school years, 

educational level, place of residence as well as the 

number of children and siblings. Older patients 

with MS were more likely to have one or more 

pDDIs than younger patients (OR: 1.060 for each 

one­year increase, 95% CI: 1.045–1.075). More 

years spent in school were associated with a lower 

likelihood of having at least one pDDI (OR: 

0.771, 95% CI: 0.676–0.879). Further associa­

tions with the occurrence of pDDIs in patients 

with MS were found for degree of disability 

(EDSS score), disease duration and number of 

comorbidities (p < 0.001). A one­point increase 

in the EDSS score led to a 58.6% increase in the 

probability of having at least one pDDI (OR: 

1.586, 95% CI: 1.434–1.754). The odds for the 

occurrence of at least one pDDI rose with increas­

ing years of disease duration (OR: 1.041, 95% 

CI: 1.021–1.061) and even doubled with each 

additional comorbidity (OR: 2.235, 95% CI: 

1.893–2.638). Polypharmacy increased the like­

lihood for the occurrence of pDDIs by 27­fold 

(OR: 27.322, 95% CI: 16.764–44.529) (Table 2).  

Multiple logistic regression analysis revealed four 

associated variables: age (OR: 1.034), educa­

tional level (OR: 0.502), number of drugs taken 

(OR: 2.608) and number of DMDs used (OR: 

2.105). The final model had a prediction accu­

racy of 85.8%. Similar associations were found 

with regard to the occurrence of moderate­severe/ 

severe pDDIs. Notably, the risk of moderate­

severe or severe pDDIs was increased 15­fold 

with polypharmacy (OR: 14.920, 95% CI: 8.363–

26.619) (Table 2).

Interacting active ingredients
The top 20 agents, for which the most pDDIs 

were counted, ranged from methylprednisolone 

(pDDI count: 247) to calcium (pDDI count: 73) 

(Table 3). About 20% of all patients took at least 

one of these top 20 agents: pantoprazole (N = 178 

patients, 28.4%), enoxaparin (N = 127 patients, 

20.3%) and methylprednisolone (N = 123 

patients, 19.6%). There were significant differ­

ences in the use of drugs between patients with 

and without polypharmacy. For instance, enoxa­

parin was more often taken by Pw/P than by Pw/

oP (Pw/P: 34.1% versus Pw/oP: 4.4%) (p < 0.001, 

Fisher’s exact test). A listing of all agents involved 

in pDDIs with the number of total interactions 

and the distribution of pDDI severity levels is 

provided in Supplementary Table 3.

All moderate­severe (N = 18) or severe (N = 5) 

pDDIs that occurred in at least three of the MS 

patients studied are shown in Table 4. The most 

relevant severe pDDIs were found between the 

following drugs: citalopram ⇔ fingolimod (N = 7 

patients) and acetylsalicylic acid ⇔ ibuprofen 

(N = 6 patients). The moderate­severe pDDIs 

acetylsalicylic acid ⇔ enoxaparin, ibuprofen ⇔ 

enoxaparin, methylprednisolone ⇔ ibuprofen, 

enoxaparin ⇔ ramipril and citalopram ⇔ ibupro­

fen were significantly more often recorded in 

Pw/P than in Pw/oP (p < 0.05, Fisher’s exact 

tests). For those agents involved in the 23 moder­

ate­severe or severe pDDIs that were repeatedly 

observed and that are listed in Table 4, we visual­

ised the frequency and severity of all pairwise 

interactions in Figure 3. Among these, the most 

frequent pDDI was found between interferon 

beta­1a and ibuprofen (N = 29 patients).

Potential drug–food interactions
In the analysis of pDFIs, 254 drugs were found to 

be involved in pDFIs in our study population. Of 

these, 34 drugs belong to at least one severe 

pDFI, with alcohol being responsible for 21 

severe pDFIs (e.g. acetaminophen ⇔ alcohol) 

(Supplementary Table 4). The pDFIs with the 20 

active ingredients most frequently involved in 

pDDIs are listed in Table 5 and visualised in 

Figure 4. The only severe pDFI in this subset was 

found for ibuprofen ⇔ alcohol. A total of 105 

patients (16.7%) may be at risk of this pDFI as 

they took ibuprofen. Three pDFIs were found for 

dronabinol, which may affect 47 patients (7.5%) 

(Table 5).

Discussion
This study focused on the prevalence and sever­

ity of pDDIs in patients with MS. Therefore, the 

medication schedules of 627 patients were 

checked. Our study serves the purpose of show­

ing health professionals which patients may have 

a high likelihood of having pDDIs and which 

drugs may be most frequently involved. A spe­

cial feature of this study represents the analysis 

of pDFIs of the drugs that were taken by our 

patient cohort.
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Table 2. Association of sociodemographic, clinical and pharmaceutical parameters with the presence of pDDIs or moderate-severe/
severe pDDIs.

Parameter ⩾1 pDDI (all severities) ⩾1 moderate-severe/severe pDDI

OR 95% confidence 
interval

p-valuea OR 95% confidence 
interval

p-valuea

Sociodemographic data

Sex (ref. women) 1.033 (0.721–1.481) 0.859 0.938 (0.630–1.396) 0.751

Age (in years) 1.060 (1.045–1.075) <0.001 1.071 (1.053–1.089) <0.001

School years (in years) 0.771 (0.676–0.879) <0.001 0.641 (0.540–0.760) <0.001

Educational level (ref. no. training) 0.680 (0.560–0.827) <0.001 0.678 (0.534–0.862) 0.001

Partnership (ref. single) 1.092 (0.752–1.585) 0.644 0.825 (0.551–1.236) 0.351

Place of residence (ref. rural area) 0.871 (0.763–0.995) 0.041 0.959 (0.829–1.109) 0.572

Number of children (number) 1.259 (1.064–1.489) 0.007 1.430 (1.191–1.718) <0.001

Number of siblings (number) 1.149 (1.016–1.301) 0.027 1.259 (1.122–1.413) <0.001

Clinical data

EDSS score (points) 1.586 (1.434–1.754) <0.001 1.479 (1.346–1.626) <0.001

Disease duration (in years) 1.041 (1.021–1.061) <0.001 1.048 (1.029–1.068) <0.001

Comorbidities (number) 2.235 (1.893–2.638) <0.001 1.811 (1.595–2.056) <0.001

Pharmaceutical data

Number of drugs taken (number) 2.665 (2.271–3.127) <0.001 1.616 (1.487–1.756) <0.001

Polypharmacy (ref. no. polypharmacy) 27.322 (16.764–44.529) <0.001 14.920 (8.363–26.619) <0.001

Long-term drugs (number) 2.306 (2.006–2.652) <0.001 1.576 (1.453–1.710) <0.001

PRN drugs (number) 1.884 (1.523–2.332) <0.001 1.482 (1.276–1.722) <0.001

Rx drugs (number) 2.665 (2.260–3.143) <0.001 1.755 (1.594–1.932) <0.001

OTC drugs (number) 1.743 (1.463–2.076) <0.001 1.145 (0.999–1.311) 0.052

DMD (number) 2.504 (1.673–3.748) <0.001 1.324 (0.836–2.097) 0.232

Symptomatic drugs (number) 2.221 (1.900–2.595) <0.001 1.360 (1.241–1.491) <0.001

Comorbidity drugs (number) 2.187 (1.876–2.550) <0.001 1.831 (1.642–2.043) <0.001

ORs and significance values were calculated by binary logistic regression analysis for each parameter. The analysis was based on the data of 627 
patients with MS. In the left part of the table, 408 patients with pDDIs were compared with 219 patients without pDDIs. In the right part of the 
table, 157 patients with ⩾1 moderate-severe or severe pDDI were compared with 470 patients without such pDDI. DMD, disease-modifying drug; 
EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; OR, odds ratio; OTC, over-the-counter; pDDI, potential drug–drug interaction; 
PRN, pro re nata; ref., reference; Rx, prescription.
ap: p-value for each regression coefficient (p < 0.05 are indicated in bold).
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Table 3. The top 20 substances for which the most pDDIs were identified in the cohort of MS patients (N = 627).

Active ingredient pDDI 
count

Degree of pDDI severity, N Patients, N (%) pa

Mild Mild-severe Moderate Moderate-severe Severe Total (N = 627) Pw/P (N = 334) Pw/oP (N = 293)

Methylprednisolone 247 106 51 63 22 5 123 (19.6%) 110 (32.9%) 13 (4.4%) <0.001

Acetylsalicylic acid 232 83 37 72 33 7 55 (8.8%) 48 (14.4%) 7 (2.4%) <0.001

Ibuprofen 211 87 37 28 53 6 105 (16.7%) 61 (18.3%) 44 (15.0%) 0.286

Pantoprazole 190 122 6 61 0 1 178 (28.4%) 155 (46.4%) 23 (7.8%) <0.001

Baclofen 189 107 17 58 7 0 78 (12.4%) 72 (21.6%) 6 (2.0%) <0.001

Ramipril 164 80 7 41 31 5 53 (8.5%) 41 (12.3%) 12 (4.1%) <0.001

Bisoprolol 151 95 30 18 8 0 51 (8.1%) 46 (13.8%) 5 (1.7%) <0.001

Cannabidiol 139 121 3 14 1 0 46 (7.3%) 40 (12.0%) 6 (2.0%) <0.001

Dronabinol 136 120 5 6 5 0 47 (7.5%) 41 (12.3%) 6 (2.0%) <0.001

Torasemide 127 60 10 54 3 0 22 (3.5%) 22 (6.6%) 0 (0.0%) <0.001

Citalopram 122 36 32 11 16 27 33 (5.3%) 25 (7.5%) 8 (2.7%) 0.011

Enoxaparin 112 33 0 6 71 2 127 (20.3%) 114 (34.1%) 13 (4.4%) <0.001

Hydrochlorothiazide 94 42 5 39 6 2 8 (1.3%) 7 (2.1%) 1 (0.3%) 0.073

Metoprolol 90 53 17 18 2 0 29 (4.6%) 25 (7.5%) 4 (1.4%) <0.001

Levothyroxine 90 47 3 37 3 0 82 (13.1%) 55 (16.5%) 27 (9.2%) 0.009

Amlodipine 86 40 18 25 3 0 25 (4.0%) 22 (6.6%) 3 (1.0%) <0.001

Duloxetine 84 63 3 5 10 3 21 (3.3%) 19 (5.7%) 2 (0.7%) <0.001

Zopiclone 83 70 1 10 0 2 65 (10.4%) 58 (17.4%) 7 (2.4%) <0.001

Magnesium 79 76 3 0 0 0 65 (10.4%) 49 (14.7%) 16 (5.5%) <0.001

Calcium 73 63 0 9 1 0 33 (5.3%) 32 (9.6%) 1 (0.3%) <0.001

The table is sorted by the total number of pDDIs per drug in the data set (pDDI count). In addition, the number of pDDIs broken down by degree of severity and the number of MS 
patients who received the respective drugs are provided. MS, multiple sclerosis; N, number of patients; pDDI, potential drug–drug interaction; Pw/oP, patients without polypharmacy; 
Pw/P, patients with polypharmacy.
ap: p-value according to Fisher’s exact test for comparing Pw/P and Pw/oP (significant differences are indicated in bold).
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Our previous studies are, to our knowledge, the 

only studies on pDDIs in patients with MS in the 

literature.33,40 We found in a smaller study of 131 

women in childbearing age that the prevalence of 

having at least one pDDI of average danger was 

significantly higher in Pw/P than in Pw/oP (31.5% 

versus 5.2%, p < 0.001).33 There were also signifi­

cant associations between polypharmacy and 

Table 4. Moderate-severe and severe pDDIs that were recorded in at least three patients with MS.

Potential drug–drug interaction All patients (N = 627) Pw/P (N = 334) Pw/oP (N = 293) pa

Severe

 Citalopram ⇔ Fingolimod 7 (1.1%) 5 (1.5%) 2 (0.7%) 0.458

Acetylsalicylic acid ⇔ Ibuprofen 6 (1.0%) 6 (1.8%) 0 (0.0%) 0.033

 Citalopram ⇔ Solifenacin 5 (0.8%) 4 (1.2%) 1 (0.3%) 0.378

 Ciprofloxacin ⇔ Methylprednisolone 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

 Escitalopram ⇔ Fingolimod 3 (0.5%) 2 (0.6%) 1 (0.3%) 1.000

Moderate-severe

Acetylsalicylic acid ⇔ Enoxaparin 21 (3.3%) 20 (6.0%) 1 (0.3%) <0.001

 Enoxaparin ⇔ Ibuprofen 16 (2.6%) 14 (4.2%) 2 (0.7%) 0.005

 Ibuprofen ⇔ Methylprednisolone 14 (2.2%) 13 (3.9%) 1 (0.3%) 0.002

 Enoxaparin ⇔ Ramipril 13 (2.1%) 13 (3.9%) 0 (0.0%) <0.001

Interferon beta-1a ⇔ Ramipril 7 (1.1%) 5 (1.5%) 2 (0.7%) 0.458

 Citalopram ⇔ Ibuprofen 6 (1.0%) 6 (1.8%) 0 (0.0%) 0.033

 Diclofenac ⇔ Enoxaparin 4 (0.6%) 4 (1.2%) 0 (0.0%) 0.127

 Diclofenac ⇔ Methylprednisolone 4 (0.6%) 4 (1.2%) 0 (0.0%) 0.127

Acetylsalicylic acid ⇔ Duloxetine 4 (0.6%) 4 (1.2%) 0 (0.0%) 0.127

 Ramipril ⇔ Tizanidine 4 (0.6%) 4 (1.2%) 0 (0.0%) 0.127

 Candesartan ⇔ Tizanidine 4 (0.6%) 4 (1.2%) 0 (0.0%) 0.127

Acetylsalicylic acid ⇔ Venlafaxine 3 (0.5%) 2 (0.6%) 1 (0.3%) 1.000

 Enoxaparin ⇔ Valsartan 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

 Baclofen ⇔ Levodopa 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

 Duloxetine ⇔ Ibuprofen 3 (0.5%) 2 (0.6%) 1 (0.3%) 1.000

Insulin glargine ⇔ Ramipril 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

 Citalopram ⇔ Dronabinol 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

 Escitalopram ⇔ Ibuprofen 3 (0.5%) 3 (0.9%) 0 (0.0%) 0.252

The table is sorted by pDDI severity and prevalence. It is also indicated how often a particular pDDI was counted in the 
groups of patients with polypharmacy (Pw/P) and without polypharmacy (Pw/oP), respectively. MS, multiple sclerosis; N, 
number of patients; pDDIs, potential drug–drug interactions; Pw/oP, patients without polypharmacy; Pw/P, patients with 
polypharmacy.
ap: p-value according to Fisher’s exact test for comparing Pw/P and Pw/oP (significant differences are indicated in bold).
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higher age, higher degree of disability (EDSS 

score) and higher number of comorbidities.33 In 

our recently published study, we found signifi­

cantly higher pDDI prevalence rates for MS 

patients with cardiovascular, neurological, psy­

chiatric and orthopaedic comorbidities.40 The 

present study focused on the analysis of pDDIs 

and their severity by incorporating information 

from Drugs.com. We determined sociodemo­

graphic and clinical factors that are associated 

with an increased likelihood of (severe) pDDIs in 

patients with MS.

The relatively high proportion of MS patients 

with at least one pDDI detected in our study is a 

main consequence of the drug­intensive treat­

ment to reduce disease activity and to alleviate 

MS­related symptoms but is also related to the 

presence of comorbidities, especially older age. 

However, only slightly more than 10% of all 

recorded pDDIs were moderate­severe or severe 

pDDIs. Due to the lack of studies on pDDIs in 

MS patients, we looked at the prevalence of 

pDDIs in other medical disciplines. Doan et al.37 

demonstrated that the likelihood of at least one 

pDDI in hospitalised patients aged 65 or older 

depends on the number of drugs taken (e.g. 50% 

for persons taking 5–9 drugs). In a study of out­

patients taking oral anticancer drugs, a propor­

tion of 263 patients (89.4%) had at least one 

pDDI.38 Ismail et  al. reported an overall preva­

lence of pDDIs of 78% in 678 patients receiving 

chemotherapy. A large proportion of those 

(39.2%) had only one to two pDDIs, and severe 

interactions accounted for the majority of pDDIs 

(67.3%).41 However, the results are difficult to 

Figure 3. Interaction heatmap of drugs for which moderate-severe or severe pDDIs have been repeatedly 
noted in patients with MS. Shown is the frequency and severity of pDDIs between drugs involved in moderate-
severe or severe pDDIs that were identified in at least three patients with MS (see also Table 4). The active 
ingredients are listed in alphabetical order. The size of the dots represents the frequency of pDDIs in the 
patient cohort (N = 627). The colour of the dots indicates the severity of the pDDI. The most common interaction 
has been recorded between interferon beta-1a and ibuprofen (29 patients).
MS, multiple sclerosis; pDDIs, potential drug–drug interactions.



JL Debus, P Bachmann et al.

journals.sagepub.com/home/taj 13

compare because different patient inclusion crite­

ria and different pDDI databases were used in 

these studies.

Although the association between polypharmacy 

and pDDIs is well known, our study described for 

the first time that polypharmacy led to a 15­fold 

(OR: 14.920) increase in the likelihood of severe 

or moderate­severe pDDIs in patients with MS. 

In our study, we found an age difference between 

patients with and without pDDIs of almost 

10 years. The association between the occurrence 

of pDDIs and age is consistent with previous 

studies. Janchawee et al.42 found that the odds of 

having at least one pDDI increased with an age 

difference of 20 years by a factor of 1.8. Bjerrum 

et al.2 could also relate the presence of pDDIs to 

higher age and a higher number of medications 

taken. The increase in multimorbidity with age 

and the use of multiple medications to treat 

Table 5. Drug–food interactions for the top 20 substances for which the most pDDIs were identified.

Active ingredient Patients,  
N (%)

Degree of drug–food interaction severity

Mild Moderate Severe

Methylprednisolone 123 (19.6%) – Grapefruit, tobacco –

Acetylsalicylic acid 55 (8.8%) Alcohol, food – –

Ibuprofen 105 (16.7%) – – Alcohol

Pantoprazole 178 (28.4%) – – –

Baclofen 78 (12.4%) – Alcohol –

Ramipril 53 (8.5%) Alcohol Food (potassium-containing) –

Bisoprolol 51 (8.1%) Alcohol, tobacco – –

Cannabidiol 46 (7.3%) – Food (high-fat meal), grapefruit –

Dronabinol 47 (7.5%) Grapefruit Alcohol, food (high-fat meal) –

Torasemide 22 (3.5%) – – –

Citalopram 33 (5.3%) – Alcohol –

Enoxaparin 127 (20.3%) – – –

Hydrochlorothiazide 8 (1.3%) – – –

Metoprolol 29 (4.6%) Alcohol, tobacco Food –

Levothyroxine 82 (13.1%) – Fooda, grapefruit –

Amlodipine 25 (4.0%) Grapefruit Alcohol –

Duloxetine 21 (3.3%) Tobacco Alcohol –

Zopiclone 65 (10.4%) – Alcohol, food (high-fat/heavy meal) –

Magnesium 65 (10.4%) – – –

Calcium 33 (5.3%) – Foodb –

pDFI databases often only indicate ‘food’ as an interaction partner of a drug. This usually refers to the timing of the food 
intake or a certain food composition such as food high in fat or potassium-containing food. Food: The timing of food intake 
is a factor influencing the absorption of ingested medicines. Patients, N (%): number of MS patients who have received the 
respective drug. pDDIs, potential drug–drug interactions; pDFI, potential drug–food interaction.
aDietary fibre, milk, soy products, coffee, nuts and seeds.
bFoods high in oxalic acid (e.g. spinach or rhubarb) or phytic acid (e.g. bran and whole grains).
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comorbidities significantly contribute to poly­

pharmacy and the risk of pDDIs.

Methylprednisolone was the active substance 

with the most interactions in our data set (247 

pDDIs). Of these, most pDDIs were mild inter­

actions (n = 106). On the one hand, relapse ther­

apy with high­dose methylprednisolone is carried 

out as standard.43 On the other hand repeated 

pulse therapy (e.g. every 3 months) is also occa­

sional used by patients with SPMS or PPMS, 

although convincing class I evidence is lacking.44 

During the period of our data collection, many 

patients with PPMS or SPMS have been treated 

in this way.45,46 Acetylsalicylic acid and ibuprofen 

ranked second and third among the agents with 

the highest pDDI counts. This puts two common 

OTC agents among the top triggers of pDDIs in 

patients with MS. Ibuprofen, as a non­steroidal 

anti­inflammatory drug (NSAID), influences 

inflammatory processes, acts as an analgesic and 

is one of the therapeutic strategies for treatment­

related pain.47 For instance, the early phase of 

interferon beta therapy can lead to flu­like symp­

toms and myalgias, while ibuprofen (as well as 

acetaminophen) can help to relieve these.48–50 Of 

note, only a few pDDIs were recorded for vitamin 

supplements (vitamin C, D and E), and none of 

them were moderate­severe or severe.

Particularly severe pDDIs are clinically relevant 

due to their potentially serious consequences 

(including death). The most frequent moderate­

severe pDDIs were acetylsalicylic acid ⇔ enoxa­

parin (N = 21 patients, 3.3%) and enoxaparin ⇔ 

ibuprofen (N = 16, 2.6%). Those pDDIs may lead 

to an increased risk of bleeding. For this reason, 

careful clinical laboratory monitoring is indicated 

Figure 4. Network of pDFIs for the top 20 drugs for which the most pDDIs were recorded. Grey dots stand 
for medications and blue dots represent other substances. The size of the grey dots shows the number of 
patients taking this drug (e.g. methylprednisolone was taken by 123 patients). The line colour indicates the 
severity of the interaction: green – mild interaction, yellow – moderate interaction and red – severe interaction. 
A total of 28 pDFIs were found between the top 20 drugs for which the most pDDIs were identified (Tables 3 
and 5). Between those, there are 100 different pDDIs, which are not shown here for simplicity. A severe pDFI 
was found between ibuprofen and alcohol. Among the top 20 drugs, pantoprazole, torasemide, enoxaparin, 
hydrochlorothiazide and magnesium showed no interaction with alcohol, food or tobacco smoke.
pDDIs, potential drug–drug interactions; pDFIs, potential drug–food interactions.
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in patients taking acetylsalicylic acid or enoxapa­

rin.51 The most common severe pDDI occurred 

between citalopram and fingolimod (N = 7 

patients, 1.1%). Citalopram accounted for most 

of the severe interactions (N = 27) in our study. As 

a selective serotonin reuptake inhibitor (SSRI), 

citalopram is often prescribed to patients with 

anxiety disorders or depression. A side effect of 

citalopram may cause prolongation of the QT 

interval, which may lead to ventricular arrhyth­

mias or sudden cardiac dead.52 Fingolimod is used 

for the treatment of RRMS, and administration of 

the first dose may also prolong the QT interval, 

especially when given concomitantly with SSRIs.53 

Thus, citalopram should be avoided within the 

first days after the start of fingolimod therapy, but 

afterwards there are no safety concerns so far, so 

that the actual severity of this pDDI strongly 

depends on the timing.53–55 Although some pDDIs 

can only be explained theoretically and have not 

been proven in studies, an assessment of the indi­

vidual risk factors should still be performed.

Taking into account all degrees of severity, the 

most common pDDI was a mild interaction 

between cannabidiol (CBD) and dronabinol 

(=tetrahydrocannabidiol, THC) (n = 41, 6.5%). 

CBD and THC are components of Cannabis 

sativa, which is contained in Nabiximols 

(Sativex®).56–58 Cannabis sativa is used in MS to 

improve the symptoms of moderate to severe 

spasticity and as an off­label treatment for urge 

incontinence.59,60 It was found that both agents 

can be substrates as well as inhibitors of 

cytochrome P450 enzymes and thus interact with 

other medications.61 Conversely, a change in the 

activity of the enzymes can lead to higher or lower 

CBD/THC levels. Due to impaired attention and 

altered psychomotor abilities, patients taking can­

nabis should be advised not to engage in safety­

related activities requiring full concentration and 

motor skills, e.g. driving motor vehicles.62

The consideration of pDFIs is important to increase 

the success of treatments. Pharmacists and clinical 

staff should therefore pay attention on frequently 

used drugs that are associated with pDFIs. Foods 

beverages and lifestyle factors that can interfere 

with the effect of medicines include for example 

alcoholic drinks, grapefruit juice and tobacco smok­

ing. In our study population, we were able to detect 

34 severe pDFIs. The most frequent severe pDFI 

was between ibuprofen and alcohol (n = 105 

patients). It has been shown that regular ibuprofen 

users who drink alcoholic beverages have a 2.7­fold 

higher risk of upper gastrointestinal bleeding com­

pared with nonusers.63 For methylprednisolone, we 

detected moderate pDFIs with grapefruit (juice) 

and tobacco. Grapefruit juice can increase the bio­

availability of oral methylprednisolone in plasma 

by 75% but does not significantly affect cortisol 

plasma concentrations.64 Although clinical rele­

vance is low, the effect of methylprednisolone may 

be enhanced in individuals who ingest a high 

amount of grapefruit juice.64 For dronabinol, a 

moderate pDFI is described when combined with 

high­fat food. With regard to bioavailability, an 

increase in the maximum concentration (in plasma) 

by a factor of one to three can be observed for dron­

abinol (administered as a spray) when a high­fat 

diet is taken.65 According to Stott et al.65 this inter­

action seems to be clinically less relevant due to 

interindividual variability. Nevertheless, the doctor 

should recommend taking dronabinol­containing 

drugs outside mealtimes in order to avoid possible 

fluctuations in effect.

Our study cohort well resembled data from the 

German MS registry (18,030 registered patients) 

in terms of age (on average, 46.3 years), sex (72% 

female), median EDSS score (3.0) and disease 

course distribution.66,67 Thelen et  al.68 reported  

a similar range of patients meeting the criteria  

for polypharmacy (15–65% of MS patients). An 

Italian study by Patti et  al.35 reported a poly­

pharmacy rate of 32.3% in MS patients aged  

41–50 years and of 41.2% in patients aged over 

50 years. In our previous study of women of child­

bearing age with MS, the proportion of patients 

with polypharmacy was 41.2%.33

Some limitations of this study should be men­

tioned. From the structured interviews and the 

patient records, there is no claim to completeness 

of the data regarding the number and type of 

medications used. There is a possibility of a 

wrongly low/high number of recorded medica­

tions as patients often do not exactly know their 

own medication, or they take additional OTC 

drugs or CAMs that they do not mention exactly. 

For instance, patients often fail to mention the 

use of NSAIDs to their physicians.69 Furthermore, 

adverse reactions because of a pDDI do not nec­

essarily have to occur in a patient, but there is an 

increased probability. In this study, we did not 

record adverse drug reactions that actually 

occurred in the patients. Further limitations are 

the unknown adherence of drug intake and the 
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unmeasured individual metabolism characteris­

tics of the patients (e.g. CYP enzyme expres­

sion).70–72 Our study did not assess the patients’ 

actual dietary pattern, time of food intake or ciga­

rette and alcohol consumption. In further studies, 

one might explicitly ask MS patients about drug 

side effects in the following after an initial check 

of the medication schedules for pDDIs or, if 

applicable, measure drug levels in the blood to 

detect pDDIs and pDFIs that actually occur.  

In the future, deep learning algorithms could 

improve the prediction of pDDIs and pDFIs.73

Conclusion
In our study of 627 patients with MS, we found at 

least one pDDI in 408 patients (65.1%). Patients 

with at least one pDDI were on average 9.4 years 

older and had 3 years longer disease duration than 

patients without pDDIs. According to our data, 

Pw/P are 15 times more likely to have a severe 

pDDI than Pw/oP. Age and educational level were 

identified as factors associated with the presence 

of pDDIs. The most frequent severe pDDI was 

citalopram ⇔ fingolimod. Therefore, caution is 

advised when initiating fingolimod therapy in 

patients using citalopram. Methylprednisolone, 

acetylsalicylic acid and ibuprofen had the highest 

pDDI count. This underlines an increased risk of 

pDDIs from the use of OTC preparations (e.g. 

acetylsalicylic acid and ibuprofen). In our analysis 

of pDFIs, 34 severe pDFIs were identified. We 

found that the combination of ibuprofen and  

alcohol was the most frequent severe pDFI. 

Subsequent studies should address dietary habits 

as well as alcohol and cigarette consumption via 

questionnaires, or, if possible, be substantiated by 

laboratory tests. This would allow a better assess­

ment of the actual risk of pDFIs to optimise the 

medication plan of individual patients.
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Background: Patients with multiple sclerosis (MS) often undergo complex

treatment regimens, resulting in an increased risk of polypharmacy and

potential drug-drug interactions (pDDIs). Drug interaction databases are

useful for identifying pDDIs to support safer medication use.

Objective: To compare three different screening tools regarding the detection

and classification of pDDIs in a cohort of MS patients. Furthermore, we aimed at

ascertaining sociodemographic and clinical factors that are associated with the

occurrence of severe pDDIs.

Methods: The databases Stockley’s, Drugs.com and MediQ were used to

identify pDDIs by screening the medication schedules of 627 patients. We

determined the overlap of the identified pDDIs and the level of agreement in

pDDI severity ratings between the three databases. Logistic regression analyses

were conducted to determine patient risk factors of having a severe pDDI.

Results: The most different pDDIs were identified using MediQ (n = 1,161),

followed by Drugs.com (n = 923) and Stockley’s (n = 706). The proportion of

pDDIs classified as severe was much higher for Stockley’s (37.4%) than for

Drugs.com (14.4%) and MediQ (0.9%). Overall, 1,684 different pDDIs were

identified by at least one database, of which 318 pDDIs (18.9%) were
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detectedwith all three databases. Only 55 pDDIs (3.3%) have been reportedwith

the same severity level across all databases. A total of 336 pDDIs were classified

as severe (271 pDDIs by one database, 59 by two databases and 6 by three

databases). Stockley’s and Drugs.com revealed 47 and 23 severe pDDIs,

respectively, that were not included in the other databases. At least one

severe pDDI was found for 35.2% of the patients. The most common severe

pDDI was the combination of acetylsalicylic acid with enoxaparin, and

citalopram was the drug most frequently involved in different severe pDDIs.

The strongest predictors of having a severe pDDI were a greater number of

drugs taken, an older age, living alone, a higher number of comorbidities and a

lower educational level.

Conclusions: The information on pDDIs are heterogeneous between the

databases examined. More than one resource should be used in clinical

practice to evaluate pDDIs. Regular medication reviews and exchange of

information between treating physicians can help avoid severe pDDIs.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease and

the most common cause of non-traumatic neurologic disability

in young adults (Filippi et al., 2018). A total of 2.8 million people

are estimated to live with MS worldwide (Walton et al., 2020).

Inflammation with demyelination, astroglial proliferation

(reactive gliosis) and neurodegeneration with axonal and

synaptic loss are the pathological hallmarks of the disease

(Filippi et al., 2018). The course of MS is different in each

patient and can be classified into relapsing-remitting MS

(RRMS), primary progressive MS (PPMS) and secondary

progressive MS (SPMS) (Lublin et al., 2014). The spectrum of

MS phenotypes further includes the clinically isolated syndrome

(CIS) (Lublin et al., 2014). The clinical manifestations are very

heterogeneous (Zettl et al., 2012). Common consequences of MS

include impaired mobility, ataxia/tremor, cognitive dysfunction

and pain (Larocca, 2011; Rommer et al., 2019a). The symptoms

of MS are frustrating for many patients as they severely limit the

quality of their daily lives. One therapeutic approach is offered by

the use of disease-modifying drugs (DMDs). DMDs can prevent

the development of new lesions in the brain and spinal cord,

reduce the frequency of relapses and delay the progression of

disability (Rommer et al., 2019b; Hauser and Cree, 2020;

Rommer and Zettl, 2022). Additionally, patients with MS

often take medications to treat specific disease symptoms

(Dargahi et al., 2017), medications for comorbidities as well as

complementary and alternative medicines (CAMs) such as

vitamin and mineral supplements (Apel-Neu and Zettl, 2008;

Kochs et al., 2014; Rommer et al., 2018).

As the world population is getting older on average (Aburto

et al., 2020), multimorbidity and consequently polypharmacy are

increasingly posing health risks (Payne, 2016; Molokhia and

Majeed, 2017). Therefore, interest in potential drug-drug

interactions (pDDIs) is rising among physicians, and an

appropriate management of medications that may interact is

becoming more and more relevant. pDDIs can generally be

divided into two different classes: pharmacokinetic and

pharmacodynamic interactions. Pharmacokinetic pDDIs affect

the liberation, absorption, distribution, metabolism and

elimination of drugs, e.g., through the inhibition or induction

of metabolic enzymes like the cytochrome P450 (CYP) isozymes

or through reduced absorption due to complexation of active

substances (Koziolek et al., 2019; Bechtold and Clarke, 2021).

Pharmacodynamic pDDIs refer to the influence on the mode of

action of drugs, e.g., through additive effect enhancement or

antagonistic effect reduction (Niu et al., 2019). In the case of an

improper therapy management, there is a risk of overdosed or

underdosed therapy, and side effects may occur due to pDDIs.

There are numerous online tools for healthcare professionals

and patients to check for pDDIs (Adam and Vang, 2015; Roblek

et al., 2015; Kheshti et al., 2016; Hammar et al., 2021). By using

these so-called clinical decision support softwares (CDSS) and

drug-drug interaction databases (DDIDs), the risk assessment of

combined pharmacotherapy is facilitated. This holds greater

safety for patients as dangerous pDDIs can be detected and

prevented. However, as several pDDI resources have been

developed, the question arises which one to use. Physicians

and pharmacists should be aware of the differences between

pDDI screening tools and know their advantages and limitations.

Previous studies have shown relatively low agreement on the

classification of pDDIs among different tools, with the overlap

being as low as 5% (Amkreutz et al., 2017; Fung et al., 2017; Prely

et al., 2022). It is thus often recommended to use more than one
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database to increase sensitivity (Smithburger et al., 2010; Wang

et al., 2010; Kheshti et al., 2016; Monteith and Glenn, 2019;

Sancar et al., 2019; Suriyapakorn et al., 2019; Monteith et al.,

2020). It should be also noted that DDIDs often label pDDIs with

a higher severity rating than bedside clinicians (Armahizer et al.,

2013; Roblek et al., 2015).

The occurrence of pDDIs is a highly relevant issue that has

been well studied in certain diseases, such as metabolic syndrome

(Suriyapakorn et al., 2019), bipolar disorder (Monteith et al.,

2020) and acquired immunodeficiency syndrome (Ramos et al.,

2015). However, with respect to MS, the number of studies on

pDDIs is low.We have previously examined pDDIs in female MS

patients of childbearing age, with a special focus on interactions

that might endanger pregnancy (Frahm et al., 2020a). Moreover,

we analyzed the contribution of over-the-counter (OTC) drugs to

pDDIs (Bachmann et al., 2022), and we compared the risk of

pDDIs between MS patients with and without polypharmacy

(Debus et al., 2022). In these studies, either one or two DDIDs

were used. To our knowledge, there are so far no other studies on

pDDIs in unselected patients with MS.

As there might be disease-specific differences in the performance

of pDDI screening tools, we here combined the data from our

previous works (Bachmann et al., 2022; Debus et al., 2022) to

compare the three databases Stockley’s, Drugs.com and MediQ

with regard to the identification of pDDIs in MS patients. We

further examined the concordance in pDDI severity ratings

between the databases. Moreover, we identified the most frequent

severe pDDIs in our patients and determined sociodemographic and

clinical predictors of having a severe pDDI.

Materials and methods

Study population

The patient survey as part of this study was conducted between

March 2017 and May 2020 at the Department of Neurology of the

Rostock University Medical Center (Germany) and at the

Department of Neurology of the Ecumenic Hainich Hospital

Mühlhausen (Germany). The patients had to have a diagnosis of

a CIS or MS according to the revised McDonald criteria (Thompson

et al., 2018). We included data from adult male and female patients,

whereas data fromminors under the age of 18 were not included. At

both centers, the patients were treated as outpatients or inpatients,

depending on the individual disease activity and disease progression.

Further information on the design of this cross-sectional study are

given elsewhere (Bachmann et al., 2022; Debus et al., 2022).

The patients were interviewed while waiting for outpatient

appointments and during inpatient stays due to acute disease

exacerbation or changes in therapy. Written informed consent

was obtained from all patients who agreed to participate in

advance. The ethics committees of the University of Rostock

and of the State Medical Association of Thuringia approved this

study (approval numbers A 2014-0089 and A 2019-0048). We

conducted this study in accordance with the current Declaration

of Helsinki.

Data collection

Sociodemographic data (sex, age, years of schooling, educational

level, employment status, partnership status, place of residence,

number of children and number of siblings), pharmacological

data (medications taken with active ingredient, trade name, route

of administration and dosage) and clinical data [comorbidities,

course of MS, disease duration and disability level according to

Kurtzke’s Expanded Disability Status Scale (EDSS)] were obtained

using patient records, clinical examinations and structured

interviews. The EDSS is the standard instrument for assessing the

impairments that can result from MS through neurological

examination (Kurtzke, 1983; Kappos et al., 2015). Comorbidity

was defined as any additional disease that developed before or

during the course of MS and that is not an obvious complication

of MS (Magyari and Sorensen, 2020).

From the medication schedules, we captured both on-

demand drugs, which are taken irregularly as needed, and

long-term drugs, which are taken periodically. More

specifically, methylprednisolone was documented as “on-

demand drug” when used to treat an acute relapse (Repovic,

2019) and as “long-term drug” when used as repeated pulse

therapy for progressive courses of MS (Winkelmann et al., 2016).

In addition to recording the use of prescription drugs (Rx), we

also explicitly asked the patients about their use of non-

prescription drugs (OTC) as well as CAMs like herbal

medicines or dietary supplements (Evans et al., 2018; Rommer

et al., 2018). Note that some drugs are available as both Rx and

OTC preparations, depending on the dosage (e.g., ibuprofen). All

drugs were recorded independently of the treatment goals and

thus included DMDs for MS, medications to treat disease

symptoms as well as medications for comorbidities.

Assessment of potential drug-drug
interactions

For the comprehensive analysis of pDDIs, every patient’s

medication plan was screened using three different DDIDs:

Stockley’s, Drugs.com and MediQ. Stockley’s Interactions Checker

is an English-language subscription-based online pDDI tool with

over 85,000 deposited interactions. It is published by the Royal

Pharmaceutical Society and updated monthly. The pDDI severity

levels are divided into three categories: mild (minimal clinical

relevance), moderate (moderate clinical relevance) and severe

(high clinical relevance) interactions. Furthermore, Stockley’s

provides information about potential drug-food/beverage/smoking

and drug-herb interactions. This tool is based on “Stockley’s Drug
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Interactions”, the most comprehensive international reference book

on drug interactions (Preston, 2020), and primarily aimed at

healthcare professionals.

Drugs.com Drug Interactions Checker, edited by the Drugsite

Trust, is a free English-language website with information on

~24,000 drugs and herbal medicines. This database classifies

pDDIs into three severity levels: minor (minimally clinically

significant), moderate (moderately clinically significant) and major

(highly clinically significant). The database is aimed at both

consumers and medical professionals as explanations of pDDIs

are available according to prior medical knowledge. Drugs.com

also displays information on potential drug-food/alcohol

interactions. A country-restricted mobile app is available. The free

accessibility and patient orientation of this DDID clearly sets it apart

from other pDDI screening tools.

MediQ is a Swiss web-based tool containing more than

2,000 active substances and more than 50,000 interactions,

including not only pDDIs but also drug-food, drug-beverage, and

drug-polymorphism interactions (Suter et al., 2013). The latter allow

to evaluate the pharmacogenetic effects of patient-specific genetic

factors. MediQ is designed for medical staff and is only accessible

with a subscription. It is only available in the German language. The

pDDI severities are rated as low danger, average danger and high

danger of interaction. Furthermore, MediQ distinguishes whether a

pDDI is currently ruled out (i.e., there is no known interaction) or

whether a drug combination has not yet been assessed by theMediQ

operators (i.e., there is no data in the database). Users can request

combinations of drugs to be included in the database. MediQ is one

of the most commonly used German-language tools for identifying

pDDIs. In a study comparing five German-language tools, MediQ

was the one with the most complete results (Hahn and Roll, 2018).

The screening for pDDIs was conducted from May 2020 to

November 2020 by entering the trade name of each drug in the

search field of each database. If the trade name was not found, we

entered the generic name(s) of the active ingredient(s) contained

in the respective drug. The route of administration (e.g., oral or

dermal) was entered as well if possible. pDDIs that were detected

in the DDIDs were subsequently recorded in Excel spreadsheets

and sorted by severity. To facilitate the interpretation of the

database comparisons, we decided to consistently refer to the

three pDDI severity levels as mild, moderate and severe as they

are called in Stockley’s, instead of using different labels (such as

minor/low) per database. With regard to MediQ, we considered

the category “no data available” as equivalent to the category “no

known interaction” for simplicity.

Data analysis

The data were prepared with IBM SPSS Statistics version 27,

Microsoft Excel 2010 and ONLYOFFICE 7.0. Descriptive

statistics and further data analyses were performed in R

version 3.6.0. We first determined the number of different

pDDIs (i.e., without repetitions if they occurred in more than

one patient) found with Stockley’s, Drugs.com and MediQ. The

relative proportions of mild, moderate and severe pDDIs per

database were then visualized using doughnut plots. The overlap

of pDDIs from the 3 databases was analyzed with the R package

VennDiagram (Chen and Boutros, 2011). Concordance rates

were calculated by dividing the number of identical pDDI

severity ratings by the number of pDDIs that were detected in

each of two databases being compared. Cohen’s kappa

coefficients (κ) were also computed to summarize the

agreement among the databases. The severe pDDIs were

drawn as a network using Cytoscape 3.9.0 (Shannon et al.,

2003) with yFiles layout algorithms. Binary logistic regression

analyses were performed to predict the patients’ risk of having a

severe pDDI. The numerical, ordinal and dichotomous variables

were included either separately (univariable models) or jointly

(multivariable model). The latter was performed by bidirectional

stepwise model selection based on the Akaike information

criterion (AIC) (Akaike and Lovric, 2011) using the R

package MASS. The resulting odds ratios (ORs) were

visualized as forest plots with the R packages sjPlot and

ggplot2 (Wickham, 2016). The corresponding statistical tests

were exploratory in nature, and therefore the significance level

was set at α = 0.05. We checked for collinearities in the data by

calculating the variance inflation factor (VIF) for each

independent variable with the mctest R package. Scatterplots

were used to display the relationship between age and number of

drugs taken with pDDI count. Exponential curves were fitted to

the data, and 95% confidence intervals of the fitted curves were

calculated by performing bootstrap resampling.

Results

Patient cohort

A total of 627 patients were included in this study (Table 1). The

patient cohort was composed of cases with CIS (n = 27), RRMS (n =

388), SPMS (n = 154), and PPMS (n = 58). The proportion of

women was 70.3% (n = 441). The age of the patients ranged from

19 to 86 years (mean ± standard deviation: 48.6 ± 13.3). There were

465 patients (74.2%) who lived in a partnership and 162 patients

(25.8%) who lived alone. A large proportion of the subjects resided

in a rural area (n = 224), whereas the others lived in a provincial

town (n = 108), medium-sized town (n = 112) or city (n = 183).

With regard to the level of education, the patients had either no

training (n = 19), a qualification as a skilled worker (n = 398) or a

degree from a technical college (n = 89) or university (n = 121). The

average EDSS score of the patients was 3.6 ± 2.1 (range: 0–9) at a

median disease duration of 10 years (range: 0–52). Most of the

patients (n = 443, 70.7%) had comorbidities in addition toMS. Only

seven and 52 patients received no or only one drug, respectively,

whereas most patients (n = 568, 90.6%) took at least two drugs and
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thus were at risk of pDDIs. The average number of drugs taken per

patient was 5.3 ± 3.3 (range: 0–19). For further details on the clinical,

demographic and medication data of the patients, the reader is

referred to our previous publications (Bachmann et al., 2022; Debus

et al., 2022).

Comparison of potential drug-drug
interactions information from different
sources

The database-driven screening revealed pDDIs for 280 different

drugs. We found 706 different pDDIs with Stockley’s, 923 different

pDDIs with Drugs.com and 1,161 different pDDIs with MediQ

However, while fewer pDDIs were found using Stockley’s, 264 of the

pDDIs from this database (37.4%) were rated as severe. In

comparison, only 10 of the pDDIs from MediQ (0.9%) were

classified as severe (Figure 1). In total, 1,684 different pDDIs

were identified with the three drug interaction databases. The

consistency in detecting pDDIs was relatively low: Only

318 pDDIs (18.9%) were reported in all databases, and each

database specified pDDIs that were not contained in the other

two databases. The largest overlap was noticed for Drugs.com vs.

MediQ (563 different pDDIs) (Figure 2). With regard to the pDDI

severity ratings, there was a greater agreement for Drugs.com vs.

Stockley’s. For these, the severity ratings concordance rate was

60.0%. The respective rate was lower for Drugs.com vs. MediQ

(23.3%) and MediQ vs. Stockley’s (24.2%) because the pDDIs were

typically reported with a lower severity in MediQ (Figure 3). As

many as 110 different pDDIs that were classified as mild in MediQ

were severe according to Stockley’s. On the other hand, there were

three severe pDDIs from MediQ that were not detected with

Stockley’s (amantadine < = > amitriptyline, cannabidiol < = >

sertraline and citalopram < = > tamoxifen). Only 55 of the

1,684 different pDDIs (3.3%) have been reported with the same

severity level across all databases (i.e., 17.3% of the 318 common

pDDIs).

Severe potential drug-drug interactions in
patients with multiple sclerosis

The number of different severe pDDIs was 264 for Stockley’s,

133 for Drugs.com and 10 for MediQ. Overall, 336 different

pDDIs were severe according to at least one of the databases

(Supplementary Figure S1). A subset of 271 pDDIs were classified

as severe in only one database, 59 pDDIs were classified as severe

in two databases and six pDDIs were consistently classified as

severe in all three databases (citalopram with ciprofloxacin,

doxepin, flecainide, levofloxacin, ondansetron and quetiapine).

Citalopram was involved in 33 different severe pDDIs. Ibuprofen

and methylprednisolone were also frequently involved in pDDIs,

with 23 and 22 severe pDDIs, respectively. Forty-three severe

TABLE 1 Sociodemographic, clinical and medication data of the

patient cohort (N = 627).

Parameter N (%) or range Mean (SD) or median

Sex

Female 441 (70.3%)

Male 186 (29.7%)

Age [in years] 19–86 48.6 (13.3)

School years 6–18 10.5 (1.3)

Educational level

No training 19 (3.0%)

Skilled worker 398 (63.5%)

Technical college 89 (14.2%)

University 121 (19.3%)

Employment status

In training 7 (1.1%)

In studies 6 (1.0%)

Employed 269 (42.9%)

Unemployed 25 (4.0%)

Retired 304 (48.5%)

Others 16 (2.6%)

Partnership

No 162 (25.8%)

Yes 465 (74.2%)

Place of residence

Rural area 224 (35.7%)

Provincial town 108 (17.2%)

Medium-sized town 112 (17.9%)

City 183 (29.2%)

Number of children 0–4 1

0 169 (27.0%)

1 170 (27.1%)

≥2 288 (45.9%)

Number of siblings 0–13 1

0 71 (11.3%)

1 305 (48.6%)

≥ 2 251 (40.0%)

EDSS score [points] 0–9.0 3.5

Disease duration [in years] 0–52 10

Disease course

CIS 27 (4.3%)

RRMS 388 (61.9%)

SPMS 154 (24.6%)

PPMS 58 (9.3%)

Comorbidities 0–9 1

No 184 (29.3%)

Yes 443 (70.7%)

Number of drugs taken 0–19 5

0 7 (1.1%)

1–4 286 (45.6%)

5–9 261 (41.6%)

≥ 10 73 (11.6%)

CIS, clinically isolated syndrome; EDSS, Expanded Disability Status Scale; PPMS,

primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis;

SD, standard deviation; SPMS, secondary progressive multiple sclerosis.
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pDDIs occurred in three or more of the 627 patients (Table 2).

The most common severe pDDI was acetylsalicylic acid < = >

enoxaparin, which was recorded for 21 patients. Stockley’s and

Drugs.com yielded 47 and 23 severe pDDIs, respectively, that

were not included in the other databases (Table 3). Among the

drugs that were associated with severe pDDIs, there were also

several DMDs for the therapy of MS: cladribine, fingolimod,

interferon beta, mitoxantrone, natalizumab and teriflunomide.

Factors associated with the risk of having a
severe potential drug-drug interactions

Over all patients, we identified an average of 5.7 ± 9.4 pDDIs

(0.9 ± 2.0 severe pDDIs) that were reported in at least one of the

three drug interaction databases. For 441 of the 627 patients

(70.3%), we found at least one pDDI, and for 221 patients

(35.2%), we found at least one severe pDDI. The latter

number is essentially the result of using Drugs.com and

Stockley’s as only a small subset of 11 patients were found to

have a severe pDDI according to MediQ.

The logistic regression analyses revealed predictors of the risk

of having at least one severe pDDI. In the univariable models,

statistically significant ORs >1 were obtained for age and disease

duration, number of children and siblings, degree of disability

(EDSS score), comorbidities as well as the number of drugs taken.

Conversely, more years in school, a higher educational level and

living in a partnership turned out to be protective factors with

significant ORs < 1 (Figure 4). In the multivariable model, age,

educational level, partnership status, comorbidities and number

of drugs taken remained as significantly associated with the risk

of having a severe pDDI.Multicollinearity was not detected in the

data (VIF< 1.81). The particularly strong relationships between

age and number of drugs taken with pDDI count are shown in

Figure 5. Remarkably, one female SPMS patient taking 19 drugs

had as many as 70 pDDIs, 22 of which were severe pDDIs.

Another woman with SPMS received only four drugs

(citalopram, mitoxantrone, ondansetron and solifenacin) but

nonetheless had six severe pDDIs (all possible pairwise drug

combinations) according to Stockley’s.

Discussion

Patients with MS are typically treated with a broad spectrum

of medications. In addition to DMDs, symptomatic drugs and

CAMs are often used to alleviate the symptoms of MS, while

comorbidities need to be treated with medications as well. This

poses a significant risk of pDDIs, which can lead to adverse health

outcomes. Therefore, as part of the therapy management, it

should be regularly checked whether pDDIs are present, e.g.,

FIGURE 1

Proportions of mild, moderate and severe potential drug-drug interactions by database. Themedication schedules of 627 patients with CIS/MS

were evaluatedwith respect to pDDIs using three databases. The doughnut plots show the proportions across all different pDDIs found. CIS, clinically

isolated syndrome; MS, multiple sclerosis; pDDI, potential drug-drug interaction.

FIGURE 2

Overlap of potential drug-drug interactions among the three

databases. A total of 1,684 different pDDIs were identified for the

patient cohort (N = 627). The Venn diagram shows the

intersections of pDDIs between the databases. The circles

and intersecting sets are drawn approximately to scale. pDDI,

potential drug-drug interaction.
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using pDDI screening tools. To provide insights into their utility,

we here compared the databases Stockley’s, Drugs.com and

MediQ with respect to differences in the detection and rating

of pDDIs in patients with MS. We found that the databases

provide quite heterogeneous information and that each database

reports pDDIs that are not recorded in the other two databases.

Beyond this database comparison, we discuss below the most

frequent severe pDDIs identified in our patients and highlight

sociodemographic and clinical characteristics that were

associated with the occurrence of severe pDDIs.

With an average age of 48.6 years, a sex ratio of

approximately 2.4 (female) to 1 (male) and a proportion of

patients with relapsing-onset MS of ~90%, our study cohort

compares well with large national MS cohorts (Boström et al.,

2013; Weih et al., 2020; Ohle et al., 2021). We thus believe that we

can to some extent generalize the results of our study to a wider

population of patients withMS. After combining the information

from the three databases, the analysis revealed a prevalence of

70.3% and 35.2% of having ≥ 1 pDDI and ≥ 1 severe pDDI,

respectively. However, only 18.9% of all different pDDIs were

detected with all three pDDI screening tools used. It has been

previously shown that there are large variations between CDSS/

DDIDs concerning severity ratings and the documentation of

information related to clinical effects, mechanism and

management of pDDIs (Wang et al., 2010; Monteith and

Glenn, 2019; Shariff et al., 2021). In fact, in studies comparing

different pDDI programs and databases, the overlap of pDDIs

that were detected in all resources ranged between 5% and 44%

(Vonbach et al., 2008; Smithburger et al., 2010; Smithburger et al.,

2012; Amkreutz et al., 2017; Fung et al., 2017; Sancar et al., 2019;

Suriyapakorn et al., 2019; Tecen-Yucel et al., 2020; Prely et al.,

2022). We found the lowest concordance rate for Drugs.com vs.

MediQ (23.3%), and only 3.3% of the different pDDIs were

recorded and classified with the same severity in all three

databases. This finding is similar to earlier studies by

Smithburger et al. (2010) who reported that the interaction

databases Micromedex and Lexi-Interact agreed on the

severity ratings in only ~20% of the pDDIs and that some

major pDDIs occurring in intensive care units were identified

in only one of the two databases (Smithburger et al., 2012). In

another study comparing Micromedex, Medscape and

Drugs.com in the community pharmacy setting, 13.1% of all

different pDDIs were scored with the same severity level in all

three programs (Sancar et al., 2019).

There are multiple reasons for the limited overlap and

concordance between the three databases considered in our

study. First of all, there is no standardized definition of a

pDDI (Hines et al., 2012), which leads to different views on

what might be a pDDI and what not. Different databases may be

based on different sources of information and set different

requirements for the level of evidence to define a pDDI for a

drug combination. Case reports may be sufficient for one

database, while other databases may rather rely on

pharmacokinetic properties (e.g., knowledge of CYP isozymes

involved in the metabolism of the drugs) or studies on

pharmacodynamic responses. Whether a drug interacts with

another often depends on various factors (e.g., drug intake

interval, dose and route of administration), which are not

uniformly taken into account in the databases. With regard to

the severity rating of pDDIs, there is also no consistent definition

of, e.g., a mild pDDI. Another possible explanation for the

diverging results is the different target group of each resource.

MediQ is targeted at medical professionals and is intended for

everyday clinical use, whereas Drugs.com is mainly build for

patients and non-medical people. Drugs.com might therefore be

more restrained in showing pDDIs than MediQ, because medical

laypersons are usually less interested in any mild pDDI that

might occur under certain circumstances and they would be

otherwise confused by the amount of information (Weingart

et al., 2003; Kusch et al., 2018). For patients, it is more important

that they will be informed on possibly severe pDDIs so that they

visit their doctor once more rather than not often enough, even if

the likelihood of a pDDI to be actually life-threatening is low

(Hammar et al., 2021). It also has to be considered that the

databases are not equally complete regarding drugs and pDDIs

recorded. For instance, in Drugs.com, dimetindene or fenoterol

FIGURE 3

Pairwise comparisons of the databases in terms of reported potential drug-drug interactions by degree of severity. The crosstabs show the

overlaps related to different pDDIs. The cells in the tables are color-coded according to pDDI severity from mild (green) to severe (red). — = not

recorded in one of the two databases; ∑ = sum per row/column; pDDI, potential drug-drug interaction.
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TABLE 2 Severe potential drug-drug interactions that were found for at least 3 patients.

Drug-drug interaction Stockley’s Drugs.com MediQ Frequency, n (%)

Acetylsalicylic acid < = > Enoxaparin moderate severe moderate 21 (3.3%)

Enoxaparin < = > Ibuprofen moderate severe moderate 16 (2.6%)

Baclofen < = > Ibuprofen severe — mild 15 (2.4%)

Ibuprofen < = > Methylprednisolone severe moderate — 14 (2.2%)

Enoxaparin < = > Ramipril severe moderate mild 13 (2.1%)

Citalopram < = > Methylprednisolone severe — moderate 10 (1.6%)

Dipyrone/metamizole < = > Methylprednisolone severe — mild 9 (1.4%)

Methylprednisolone < = > Solifenacin severe — — 9 (1.4%)

Acetaminophen/paracetamol < = > Ibuprofen severe — mild 7 (1.1%)

Citalopram < = > Fingolimod severe severe moderate 7 (1.1%)

Interferon beta-1a < = > Ramipril severe moderate — 7 (1.1%)

Mitoxantrone < = > Ondansetron severe — — 7 (1.1%)

Acetylsalicylic acid < = > Ibuprofen severe severe moderate 6 (1.0%)

Amlodipine < = > Simvastatin mild severe moderate 6 (1.0%)

Citalopram < = > Ibuprofen severe moderate mild 6 (1.0%)

Ibuprofen < = > Teriflunomide — severe — 6 (1.0%)

Acetylsalicylic aci < = > Dipyrone/metamizole severe — moderate 5 (0.8%)

Citalopram < = > Solifenacin severe severe moderate 5 (0.8%)

Methylprednisolone < = > Tizanidine severe — — 5 (0.8%)

Acetylsalicylic acid < = > Duloxetine severe moderate mild 4 (0.6%)

Candesartan < = > Enoxaparin severe moderate mild 4 (0.6%)

Citalopram < = > Fampridine severe — — 4 (0.6%)

Diclofenac < = > Enoxaparin moderate severe moderate 4 (0.6%)

Diclofenac < = > Methylprednisolone severe moderate — 4 (0.6%)

Escitalopram < = > Pantoprazole severe — mild 4 (0.6%)

Ramipril < = > Teriflunomide — severe — 4 (0.6%)

Ramipril < = > Tizanidine moderate severe mild 4 (0.6%)

Acetylsalicylic acid < = > Teriflunomide — severe mild 3 (0.5%)

Acetylsalicylic acid < = > Venlafaxine severe moderate mild 3 (0.5%)

Amlodipine < = > Magnesium severe — — 3 (0.5%)

Baclofen < = > Levodopa severe moderate moderate 3 (0.5%)

Bisoprolol < = > Tamsulosin severe — mild 3 (0.5%)

Ciprofloxacin< = > Methylprednisolone severe severe mild 3 (0.5%)

Citalopram < = > Dronabinol severe moderate mild 3 (0.5%)

Citalopram < = > Mitoxantrone severe — — 3 (0.5%)

Duloxetine < = > Ibuprofen severe moderate mild 3 (0.5%)

Enoxaparin < = > Valsartan severe moderate mild 3 (0.5%)

Escitalopram < = > Fingolimod severe severe moderate 3 (0.5%)

Escitalopram < = > Ibuprofen severe moderate mild 3 (0.5%)

Insulin glargine < = > Ramipril severe moderate mild 3 (0.5%)

Methylprednisolone < = > Teriflunomide — severe — 3 (0.5%)

Mitoxantrone < = > Solifenacin severe — — 3 (0.5%)

Solifenacin < = > Torasemide severe — — 3 (0.5%)

The medication schedules of a total of 627 patients with CIS/MS were evaluated using three drug interaction databases. This table lists 43 pDDIs (sorted by frequency) that were classified as

severe in at least one of the databases and that were found for n ≥ 3 patients. Please note that the severity levels from Drugs.com (minor, moderate and major) andMediQ (low, average and

high) were relabeled here according to those from Stockley’s. Disease-modifying drugs for MS are marked in bold.— = not recorded in the database; CIS, clinically isolated syndrome; MS,

multiple sclerosis; pDDI, potential drug-drug interaction.
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TABLE 3 Potential drug-drug interactions detected in only one database and classified as severe.

Severe pDDIs according
to Stockley’s only

Frequency, n (%) Severe pDDIs according
to Drugs.com only

Frequency, n (%)

Methylprednisolone < = >Solifenacin 9 (1.4%) Ibuprofen < = > Teriflunomide 6 (1.0%)

Mitoxantrone < = > Ondansetron 7 (1.1%) Ramipril < = > Teriflunomide 4 (0.6%)

Methylprednisolone < = > Tizanidine 5 (0.8%) Methylprednisolone < = > Teriflunomide 3 (0.5%)

Citalopram < = > Fampridine 4 (0.6%) Candesartan < = > Potassium 2 (0.3%)

Amlodipine < = > Magnesium 3 (0.5%) Cannabidiol < = > Teriflunomide 2 (0.3%)

Citalopram < = > Mitoxantrone 3 (0.5%) Fingolimod < = > Methylprednisolone 2 (0.3%)

Mitoxantrone < = > Solifenacin 3 (0.5%) Acetaminophen/paracetamol < = > Leflunomide 1 (0.2%)

Solifenacin < = > Torasemide 3 (0.5%) Acetaminophen/paracetamol < = > Teriflunomide 1 (0.2%)

Dipyrone/metamizole < = > Prednisolone 2 (0.3%) Acetylsalicylic acid < = > Brinzolamide 1 (0.2%)

Escitalopram < = > Fampridine 2 (0.3%) Acetylsalicylic acid < = > Dorzolamide 1 (0.2%)

Mitoxantrone < = > Tolterodine 2 (0.3%) Budesonide < = > Natalizumab 1 (0.2%)

Mitoxantrone < = > Torasemide 2 (0.3%) Captopril < = > Teriflunomide 1 (0.2%)

Sodium < = > Torasemide 2 (0.3%) Cladribine < = > Fluticasone 1 (0.2%)

Timolol < = > Travoprost 2 (0.3%) Codeine < = > Tizanidine 1 (0.2%)

Beclometasone < = > Escitalopram 1 (0.2%) Diclofenac < = > Teriflunomide 1 (0.2%)

Betamethasone < = > Dipyrone/metamizole 1 (0.2%) Dimenhydrinate < = > Potassium citrate 1 (0.2%)

Betamethasone < = > Fenoterol 1 (0.2%) Fingolimod < = > Tamoxifen 1 (0.2%)

Betamethasone < = > Fluconazole 1 (0.2%) Ibuprofen < = > Immunoglobulin G 1 (0.2%)

Betamethasone < = > Formoterol 1 (0.2%) Irbesartan < = > Potassium 1 (0.2%)

Bicalutamide < = > Goserelin 1 (0.2%) Mirabegron < = > Tamoxifen 1 (0.2%)

Bicalutamide < = > Triptorelin 1 (0.2%) Potassium < = > Solifenacin 1 (0.2%)

Budesonide < = > Venlafaxine 1 (0.2%) Quetiapine < = > Tapentadol 1 (0.2%)

Caffeine < = > Paroxetine 1 (0.2%) Topiramate < = > Trospium chloride 1 (0.2%)

Candesartan < = > Ramipril 1 (0.2%)

Citalopram < = > Fludrocortisone 1 (0.2%)

Citalopram < = > Hydrocortisone 1 (0.2%)

Citalopram < = > Xipamide 1 (0.2%)

Dexamethasone < = > Opipramol 1 (0.2%)

Dydrogesterone < = > Topiramate 1 (0.2%)

Eprosartan < = > Tamsulosin 1 (0.2%)

Escitalopram < = > Methylprednisolone 1 (0.2%)

Etofenamate < = > Fluoxetine 1 (0.2%)

Etoricoxib < = > Methylprednisolone 1 (0.2%)

Fenoterol < = > Fluconazole 1 (0.2%)

Fingolimod < = > Sulpiride 1 (0.2%)

Fingolimod < = > Tolterodine 1 (0.2%)

Fludrocortisone < = > Solifenacin 1 (0.2%)

Furosemide < = > Levofloxacin 1 (0.2%)

Hydrocortisone < = > Solifenacin 1 (0.2%)

Hydrocortisone < = > Tolterodine 1 (0.2%)

Latanoprost < = > Timolol 1 (0.2%)

Lovastatin < = > Niacin 1 (0.2%)

Methylprednisolone < = > Quinine sulfate 1 (0.2%)

Mitoxantrone < = > Tizanidine 1 (0.2%)

Prednisolone < = > Solifenacin 1 (0.2%)

Simvastatin < = > Sitagliptin 1 (0.2%)

Tolterodine < = > Torasemide 1 (0.2%)

In the dataset of 627 patients, we found 47 severe pDDIs in the Stockley’s database that were not listed in the other two databases. Similarly, we found 23 severe pDDIs in the Drugs.com

database that were not listed in the other two databases. Among the 473 pDDIs that were found exclusively in the MediQ database, there was no severe pDDI. Disease-modifying drugs for

multiple sclerosis are marked in bold. pDDI, potential drug-drug interaction.
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were not found and pDDIs could therefore not be determined for

those. The update intervals differ and, therefore, a given pDDI

might be documented differently across the databases. There is

also typically more information on drugs that have been

approved for a longer time (such as interferon beta) than for

newer drugs (such as cladribine). For clinicians, it is thus

currently recommended to use more than one CDSS/DDID

and to consult a clinical pharmacist in order not to miss

relevant pDDIs (Smithburger et al., 2010; Wang et al., 2010;

Kheshti et al., 2016; Sancar et al., 2019; Suriyapakorn et al., 2019).

Severe pDDIs can lead to life-threatening conditions and

require medical intervention to prevent serious consequences

(Sheikh-Taha and Asmar, 2021). In our study, a total of

336 pDDIs were classified as severe in at least one database.

The most common severe pDDI was acetylsalicylic acid with

enoxaparin. This combination may lead to an increased bleeding

tendency (Théroux et al., 1988). Citalopram, a selective serotonin

reuptake inhibitor (SSRI), was most frequently involved in severe

pDDIs. This finding is similar to a study on severe pDDIs in

patients with dementia, according to which citalopram was

involved in half of the top ten severe pDDIs (Bogetti-Salazar

et al., 2016). We found severe pDDIs with citalopram for

33 different drugs, including mitoxantrone, fingolimod,

acetylsalicylic acid, isoniazid and solifenacin. Citalopram is

metabolized by the CYP2C19 enzyme, which is increased in

activity after acetylsalicylic acid intake (Chen et al., 2003) but

inhibited by isoniazid (Desta et al., 2001). Therefore, it may be

appropriate to monitor the levels of citalopram in plasma or

serum in the early phase of treatment. Dose adjustments may

prevent later treatment failure and adverse drug reactions (Ostad

Haji et al., 2013). The therapeutic reference range for citalopram

is between 50 and 110 ng/ml, while concentrations > 220 ng/ml

are considered to be above the “laboratory alert level” (Hiemke

et al., 2018). Apart from pharmacokinetic interactions, SSRI

medications are associated with a modest increase in the risk

of gastrointestinal bleeding, and when used in combination with

non-steroidal anti-inflammatory drugs (e.g., acetylsalicylic acid)

or oral anticoagulants (e.g., phenprocoumon) the risk of bleeding

complications is elevated (Anglin et al., 2014; Nochaiwong et al.,

2022). Therefore, co-prescription should be weighed by a risk-

benefit assessment. Solifenacin is used to relieve symptoms of an

overactive bladder in patients with MS (van Rey and Heesakkers,

2011), but it may in rare cases cause a prolongation of the QT

interval (Bray and Hancox, 2017). Citalopram also causes a dose-

dependent QT interval prolongation (Maljuric et al., 2015).

Hence, concurrent administration of citalopram and

solifenacin can result in a higher risk of cardiac arrhythmias

(Behr and Roden, 2013). Due to the relatively high prevalence of

depressive and anxiety disorders in patients withMS (up to 50%),

antidepressants such as SSRIs are often prescribed (Patten et al.,

2017). To prevent severe pDDIs, individualized therapy with

antidepressants should thus be implemented with critical

FIGURE 4

Factors associated with the occurrence of severe potential drug-drug interactions in patients with multiple sclerosis. A subset of 221 of the

627 patients had at least one severe pDDI according to at least one of the three databases used. Binary logistic regression analyses were performed to

test for 12 variables whether they are associated with the risk of having a severe pDDI. This was done using each variable individually (univariable

models) and the best predictive subset of variables (stepwise selection model). The ORs and 95% CIs from these models are shown as forest

plots. p-values <0.05 are marked in bold. CI, confidence interval; EDSS, Expanded Disability Status Scale; OR, odds ratio; pDDI, potential drug-drug

interaction; ref., reference.
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indication and consideration of alternatives (Stamoula et al.,

2021).

We found several severe pDDIs involving DMDs, e.g.,

teriflunomide, fingolimod, mitoxantrone and interferon beta.

For the corticosteroid methylprednisolone, we found severe

pDDIs with fingolimod and teriflunomide in Drugs.com.

Fingolimod reversibly reduces the number of circulating

lymphocytes, while teriflunomide reduces the proliferation of

activated B and T lymphocytes (Bar-Or and Li, 2021). Studies

found no generally increased risk of infections in patients treated

with fingolimod or teriflunomide (Francis et al., 2014;

Winkelmann et al., 2016; Winkelmann et al., 2022). However,

concurrent use of immunomodulatory or immunosuppressive

therapies can have additive effects on the immune system,

thereby increasing infectious risks. Therefore, corticosteroid

treatment for relapses should be limited (3–5 days) in MS

patients receiving DMDs, and a decision for prolonged or

repeated high-dose corticosteroid use should be made on an

individual basis after careful consideration (Arvin et al., 2015;

Abrantes et al., 2021). The pDDI resulting from the combination

of citalopram with fingolimod was classified as severe due to the

risk of ventricular arrhythmias, but clinical studies revealed no

additional risk of abnormal electrocardiogram findings in

patients who received fingolimod and SSRIs compared with

patients receiving fingolimod therapy alone (Bermel et al.,

2015; Bayas et al., 2016).

Older age and a higher number of comorbidities were strong

risk factors for the occurrence of severe pDDIs according to the

multivariable model. Furthermore, we found severe pDDIs more

frequently in MS patients with a lower educational level and in

patients who were not in a partnership. This is in line with

previous studies by our group and others showing that with older

age and the presence of comorbidities, the number of drugs taken

increases on average (Frahm et al., 2019; Frahm et al., 2020b;

Zanghì et al., 2021; Bachmann et al., 2022) and so does the risk of

pDDIs (Debus et al., 2022). Our analysis also complements the

results of studies not related to MS. An Irish study of elderly

community dwellers found that patients with a higher

educational level were less likely to have severe pDDIs

(Hughes et al., 2021). In patients with dementia, factors that

were associated with severe pDDIs were taking a greater number

of drugs, depression, dementia severity and caregiver burden

(Bogetti-Salazar et al., 2016).

To prevent adverse drug reactions due to (severe) pDDIs, the

treating physicians should regularly review the current

medication plan and educate the patient well about the

correct use of drugs (e.g., dosage and intake interval) and side

effects that may occur (Tannenbaum and Sheehan, 2014). In this

FIGURE 5

Frequency of potential drug-drug interactions in relation to age and number of drugs taken. The patients (N = 627) took 5.3 medications on

average. A subset of 441 patients had at least one pDDI according to at least one of the three databases used. Red dots in the scatterplot represent

patients with multiple severe pDDIs. Fitted exponential curves with 95% bootstrap confidence intervals are shown in gray. pDDI, potential drug-drug

interaction.

Frontiers in Pharmacology frontiersin.org11

Hecker et al. 10.3389/fphar.2022.946351



effort, the physicians should not only pay attention to the

medications they prescribed, but should also place these in a

critical context with the medications prescribed by physicians

from other specialties. When checking for pDDIs, the use of OTC

drugs should not be neglected (Scherf-Clavel, 2022) as, according

to our previous study, about one in five pDDIs is related to OTC

medicines in patients with MS (Bachmann et al., 2022). If a

clinically relevant pDDI is identified, there are various options for

dealing with it. Rx and OTC medications that are not necessary

for the patient can be discontinued. Depending on the need, the

use of a drug can also be reduced or just temporarily suspended.

Substitution of a drug with an alternative, less interacting drug

might also be conceivable. If all this is not possible after weighing

the risks, a close therapy monitoring supported by laboratory

tests and a detailed counseling of the patient should be ensured. It

is particularly important that the patient knows the typical first

signs of adverse events associated with an unavoidable pDDI so

that a physician consultation is sought quickly if the need arises.

A close cooperation between different medical disciplines and

between physicians and pharmacists should be understood as the

basis for improving individualized patient care.

Our study has several limitations. First, the data were

collected at medical centers in Germany, but internationally,

there are differences in the therapeutic management of patients

withMS and in the provision and reimbursement of drugs.When

collecting the medication data, it was ensured that the data were

recorded twice (via the patient interview and the patient record).

Nevertheless, there is always a risk of inaccuracies when

analyzing medication schedules. For the evaluation of pDDIs,

we here gathered and compared information from three selected

commonly used databases. The discussed severe pDDIs therefore

do not necessarily represent an exhaustive list of all severe pDDIs

that may occur in MS patients. In the present study, we did not

investigate possible drug-food and drug-gene interactions.

Moreover, we did not examine whether the treating

physicians were already aware of the pDDIs and whether they

considered them as not clinically relevant. Some of the identified

pDDIs are based on theoretical mechanisms involving known

CYP enzyme substrates, inducers or inhibitors, but are currently

without solid evidence to affirm the theoretical interaction (by

clinically relevant case reports). We cannot state to what extent

the differences in the detection of pDDIs between the databases

were due to insufficient data on the pharmacokinetics or

pharmacodynamics of the drugs. The mechanisms of action of

individual pDDIs were reported quite differently in the

databases. In some cases only pharmacokinetic mechanisms

were explained, in others only pharmacodynamic mechanisms.

We also did not record actual adverse drug events in the patients,

which is an issue that would be ideally pursued further in a

longitudinal study. Thus, additional studies are warranted to

examine how pDDI resources can be better integrated in routine

clinical practice to provide a quick overview on unwanted effects

and serious problems related to inappropriate drug use in MS

patients. In the future, patient safety might be improved by

machine learning methods, which can help in predicting relevant

interactions betweenmultiple drugs (Basile et al., 2019; Han et al.,

2022). Further research might also involve the patients and

investigate whether they are aware of the problem and

understand information about pDDIs (Hammar et al., 2021).

In conclusion, our study provides a comprehensive

comparison of the three pDDI screening tools Stockley’s,

Drugs.com and MediQ based on a sample of 627 patients. A

total of 1,684 different pDDIs were identified, with large

differences between the databases in the number of pDDIs

recorded (range: 706–1,161). Due to the heterogeneity in the

classification of pDDI severities, only six of the 336 different

severe pDDIs were rated as such in all three databases. In our

patient cohort, citalopram was the drug most frequently involved

in different severe pDDIs. Overall, 35.2% of the 627 patients had

at least one severe pDDI, the occurrence of which was

significantly associated with older age, lower educational level,

living without a partner, comorbidities and the number of

medications taken. In the context of chronic diseases such as

MS, polypharmacy and the assessment of pDDIs present major

challenges that could be better addressed through improved

digital health solutions. When searching for pDDIs, it is

currently recommended to check more than one database to

increase sensitivity. Periodic medication reviews by the treating

physicians and appropriate reductions or substitutions of

medications can reduce the risk of severe pDDIs and improve

the therapy management.
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SUPPLEMENTAL FIGURE S1

Network visualization of severe potential drug-drug interactions detected in

patients withmultiple sclerosis. A total of 1,684 different pDDIs were recorded

for the 627 patients in this study. This graph shows a subset of 336 pDDIs that

were classified as severe in at least one of the three databases used. The

interactions (edges) connect 164 different active drug ingredients (nodes),

including7DMDs forMS.Thesizeof thenodescorresponds to thenumberof

different pDDIs in which the drug is involved. The thickness of the edges

indicates the frequency of the pDDIs in the patient cohort. The color of the

edges indicates the consistency of the severity rating across the databases.

DMD, disease-modifying drug; MS, multiple sclerosis; pDDI, potential drug-

drug interaction.
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Therapy of women with multiple sclerosis: 
an analysis of the use of drugs that may have 
adverse effects on the unborn child in the 
event of (unplanned) pregnancy

Marie-Celine Haker , Niklas Frahm, Michael Hecker, Silvan Elias Langhorst,  
Pegah Mashhadiakbar, Jane Louisa Debus, Barbara Streckenbach, Julia Baldt,  
Felicita Heidler and Uwe Klaus Zettl

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 

disease­modifying 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. 

One­third 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 real­world 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 cross­sectional 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 2014­0089 and A 2019­0048). 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 over­the­

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 long­term treatment 

of diseases (long­term 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.
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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. Two­tailed 

Student’s t tests, chi­square 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%). 

One­third 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 long­term 

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 (chi­square 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’ 
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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) beta­1a (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 (IFN­beta­1a, 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

dence­based 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 non­DMDs (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. 

copper­containing 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 levonorgestrel­releasing or 

copper­containing 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 long­term 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 IFN­beta or 

GA, as these DMDs are considered safe in the 

first weeks of pregnancy for both the mother and 

the child.33

IFN­beta­1a (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 IFN­beta­1a 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 IFN­beta 

administration. However, in humans, no correla­

tion between the use of IFN­beta­1a 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 IFN­beta 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 long­term 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 half­life) 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 

non­DMD in our study. It is often used in the 

treatment of MS symptoms.65 However, patients 

with MS also use ibuprofen to treat flu­like symp­

toms that can occur after the administration of 

IFN­beta 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 real­world setting. 

However, the information provided by the indi­

vidual databases is very heterogeneous in terms 

of harmfulness and up­to­dateness. 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 drug­exposed 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 

cross­sectional 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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