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Abstract

, Michael Hecker, Silvan Elias Langhorst, Pegah Mashhadiakbar,

Background and Aims: Multiple sclerosis (MS] is the most common neuroimmunological
disease of the central nervous system in young adults. Despite recommended contraception,
unplanned pregnancies can occur in women of childbearing age with MS. MS- and
comorbidities-related multimedication in these patients represents a potential risk. We aimed
to raise awareness regarding the frequency of polypharmacy and drug-drug interactions
(DDIs) in female MS patients of childbearing age.

Methods: Sociodemographic, clinical and pharmaceutical data were collected through patient
records, clinical investigations and structured patient interviews of 131 women with MS. The
clinical decision support software MediQ was used to identify potential DDIs. A medication and
DDI profile of the study population was created by statistical analysis of the recorded data.
Results: Of the 131 female MS patients, 41.2% were affected by polypharmacy (concurrent
use of =5 drugs). Polypharmacy was associated with higher age, higher degree of disability,
chronic progressive MS disease course and comorbidities. With an average intake of 4.2
drugs per patient, a total of 1033 potential DDIs were identified. Clinically relevant DDlIs

were significantly more frequent in patients with polypharmacy than in patients without
polypharmacy (31.5% versus 5.2%; Fisher’s exact test: p<0.001).

Conclusion: For the first time, a comprehensive range of potential DDIs in women of
childbearing age with MS is presented. Polypharmacy is associated with the occurrence of
clinically relevant DDIs. This shows the need for effective and regular screening for such
interactions in order to prevent avoidable adverse effects.
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Introduction

With more than 2million people affected world-
wide, multiple sclerosis (MS) is the most com-
mon immune-mediated neurological disease in
young adults.!-?> The disease is associated with a
variety of symptoms, such as paresis, spasticity,
coordination disorders, gastrointestinal disorders,
bladder afflictions, pain, sexual dysfunction,
emotional as well as cognitive disorders, fatigue
and dizziness,**% and can significantly reduce the
quality of life of those patients.”°

In general, women of childbearing age are the
largest subgroup of people with MS.10 Although
contraception is recommended for female MS
patients,!!"13 unplanned pregnancies may still
occur. Following estimations, the worldwide
prevalence of unintended pregnancies was about
40% in 2012.1* In Europe, estimates vary from
34% (Western Europe) to 54% (Eastern
Europe).!> There are few studies on MS patients,
with rates of unplanned pregnancies ranging from
10% to 50%.1% Prudent medication management
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is essential to protect potentially pregnant women
with MS.

MS therapy is based on immunomodulating dis-
ease-modifying drugs (DMDs) and symptomatic
drugs.1317 Furthermore, comorbidity drugs and
preparations of alternative or complementary med-
icine are an integral part of the medication profile
of MS patients.!8-20 It has been shown that polyp-
harmacy in MS affects a considerable proportion of
patients, ranging from 15% to 59%.2! Multi-
morbidity and the associated risk of polypharmacy
can have various consequences. On the one hand,
there are immense costs for the healthcare sys-
tem.2%23 On the other hand, certain measures of
patient health, such as MS relapse frequency, hos-
pitalisation rate, quality of life deficit, disability pro-
gression and cognitive impairment, are associated
with polypharmacy.21:2%25 A further issue of polyp-
harmacy is the risk of drug-drug interactions
(DDIs).26 In the United States (US), DDIs account
for about 20% of adverse drug events, which cause
costs between US$30 and $180billionannually
and are responsible for about 770,000 deaths.?”
Due to the frequency of unplanned pregnancies,
particular vigilance must be exercised with regard
to female MS patients of childbearing age.

The aim of this study was to raise awareness of
the potential dangers of polypharmacy and DDIs
in pre-menopausal women with MS. For this rea-
son, we determined the prevalence and predictors
of polypharmacy in this specific group of patients.
Furthermore, for the first time, we provide an
overview of the interaction potential of the drugs
used in young women with MS.

Materials and methods

This cross-sectional study was conducted at the
Department of Neurology (Section of Neuro-
immunology) of the University Medical Centre of
Rostock. This medical centre is the largest medical
facility in the state of Mecklenburg-Vorpommern:
MS patients with stable disease courses regularly
get their routine check-ups at the outpatient ward,
while patients with disease activity, severe disease
courses and side effects are treated at the inpatient
ward. Data collection took place from March
2017 to January 2020. Patients were included if
they met the following criteria: women of child-
bearing age between 18 and 48years with a con-
firmed diagnosis of MS or clinically isolated
syndrome (CIS) according to the revised McDonald

criteria.?® The exclusion criteria were male sex or
women over 48years of age as menopause onset in
most women worldwide is between 49 and
52years.?® Inpatients were asked to participate in
this study during their clinic stay (usually several
days), while outpatients were asked during the
waiting period before their routine check-up. After
patient education and informed consent, the study
data of 131 participating women were gathered
through anamnesis, medical records, clinical
investigations and structured patient interviews.

This study was reviewed by the ethics committee
of the University of Rostock (permit numbers A
2014-0089 and A 2019-0048) and conducted
according to the Declaration of Helsinki.

Data gathered

The data collection of sociodemographic, clinical
and pharmaceutical data occurred in the same
way for each study participant: review of the
patient’s current medical records and clinical
medical examination, followed by a structured
patient interview.

Sociodemographic data were age, school years
(not including training or higher education), edu-
cational level, employment status, partnership,
place of residence (<5,000 residents: rural com-
munity, 5,000-19,999: provincial town, 20,000—
99,999: medium-sized town, =100,000: city),
number of children and number of siblings.

Clinical data consisted of Kurtzke’s Expanded
Disability Status Scale (EDSS; a measure of the
patient’s degree of disability),3° disease duration,
disease course (relapsing-onset MS and chronic
progressive MS) and the number of comorbidities.

Pharmaceutical data comprised the drug names,
active ingredients, dosages and application types.
A genuine overview of the medication spectrum
of the 131 women was achieved by recording only
those drugs that were actually taken.

Drug characterisation
For a more detailed assessment, the drugs were
classified according to three criteria.

Interval of drug intake. Drugs were evaluated as
long-term drugs or as drugs on demand [pro re
nata (PRN)]. Long-term drugs are taken daily or
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at regular intervals (e.g. weekly or monthly) for
long-term therapy of diseases or complaints. PRN
drugs are not taken regularly, but are used as
needed to treat acute or sporadic complaints.

Prescription. A distinction was made between
prescription-only drugs (Rx) and over-the-coun-
ter (OTC) drugs.

Therapy goal. According to the therapy goal, the
drugs were classified into DMDs, symptomatic
drugs and comorbidity drugs.?! The DMDs
include immunomodulatory drugs for the therapy
of MS. The symptomatic drugs do not belong to
the immunomodulatory drugs but to the diverse
treatment approaches to alleviate symptoms
caused by MS (e.g. bladder dysfunction and lim-
ited walking ability).3 All other drugs that do not
pursue the goal of MS therapy are classified as
comorbidity drugs.

For the pregnancy safety classification of the
drugs involved in clinically relevant DDIs, we
used the summary of medicinal product charac-
teristics (SMPC; https://www.fachinfo.de/). The
SMPC describes the medical characteristics and
the indications of the drug preparation approved
by the regulatory authorities.32

Polypharmacy

In our study, polypharmacy was defined as the
concurrent intake of at least five drugs. Out of
over 20 numerical definitions of polypharmacy
described in the literature, this was the most com-
monly used definition.33

Comorbidities

On the basis of patient records, patient interviews
and physician expertise, comorbidities were iden-
tified according to the recommendations of
Laronie er al. and Marrie er al. (International
Workshop on Comorbidities in MS).3435

Identification of DDIs

In order to identify potential DDIs, the medica-
tion plans of all included patients were checked
with the clinical decision support software
(CDSS) MediQ (https://mediq.ch). In our study,
this CDSS was used because of consistent results
regarding sensitivity and specificity in several
CDSS comparison studies.3?%-3° Moreover, MediQ

is used in the University Medical Centre of
Rostock by physicians and pharmacists in the
clinical daily routine. MediQ is a web-based
CDSS with a database containing over 2000
active substances and over 20,000 comments on
potential DDIs (drug—drug, drug—food, drug—
alcohol, drug—polymorphism). Five categories of
DDI are distinguished in MediQ: high danger
(strong), average danger (clinically relevant), low
danger (relevant in exceptional cases), no interac-
tion and lack of evidence (possible but insuffi-
ciently documented interactions).

Statistics

Prior to data analysis with PASW Statistics 18
(IBM), the patient data were transferred anony-
mously to a database. Comparative analyses of
clinical-demographic and drug-related data
between patients with polypharmacy (PwP) and
patients without polypharmacy (Pw/oP) were per-
formed using two-sample two-tailed Student’s z
tests, Fisher’s exact tests, chi-squared tests and
Mann-Whitney U tests. The significance level was
set at aa=0.05. To compensate for alpha error accu-
mulation in multiple testing, the p values were cor-
rected according to the false discovery rate (FDR).40
The paired interdependencies between sociodemo-
graphic, clinical and pharmaceutical data were
plotted in a correlation matrix by analysing
Pearson’s correlation coefficients (R package
‘corrplot’). In a spider plot (R package ‘fmsb’), the
impact of comorbidities on the polypharmacy rate
of MS patients and on seven other clinical-demo-
graphic or drug-related data (age, school years,
number of children, disease duration, EDSS,
MS-specific drugs, comorbidity drugs) were
explored. In a hierarchical edge bundling chart, the
frequencies of pairs of drugs or drug groups that
were taken together were visualised using the R
package ‘ggraph’.

Results

Demographic and clinical profile of the patients
The 131 women with MS included were 36.4 years
old on average (Table 1). The majority of women
were skilled workers (61.1%), were in a partner-
ship (71.0%), had fewer than two children
(71.8%) and had one sibling (67.9%). In addi-
tion, about half of the women were employed
(48.1%), whereas more than a third were already
receiving a disability pension (35.1%).
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Table 1. Sociodemographic, clinical and pharmaceutical data of female MS patients of childbearing age with and without polypharmacy.

Women Polypharmacy No polypharmacy p
N 131 54 77

% % %
Sociodemographic data
Age (years) 19-48R 36.4(7.5) 22-48R 39.0(7.1)2 19-48R 34.5(7.3)2 0.001t
School years 8-18R 11.2 (1.5)2 8-14R 10.9 (1.4)2 8-18R 1.4 (1.6)2 0.072t
Educational level 0.056¢hi
No training 4.6 1.9 6.5
Skilled worker 61.1 74.1 51.9
Technical college 9.9 9.3 10.4
University 24.4 14.8 31.2
Employment status 0.022¢hi
In training 3.8 1.9 5.2
Studies 2.3 0.0 3.9
Employment 48.1 37.0 55.8
Unemployment 5.3 3.7 6.5
Disability pension 35.1 51.9 23.4
Others 5.3 5.6 5.2
Partnership 0.435F
No 29.0 33.3 26.0
Yes 71.0 66.7 74.0
Place of residence
Rural community 25.2 25.9 24.7 0.596Chi
Provincial town 19.1 22.2 16.9
Medium-sized town 12.2 14.8 10.4
City 43.5 37.0 48.1
Number of children 0-3R (i 0-3R (I 0-3R & 0.918¢hi
0 46.6 4.4 48.1
1 25.2 25.9 24.7
=2 28.2 29.6 27.3
Number of siblings 0-6R b 0-4R b 0-6R e 0.145¢hi
0 12.2 5.6 16.9
1 67.9 74.1 63.6
=2 19.8 20.4 19.5

[Continued]
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Table 1. (Continued)

Women Polypharmacy No polypharmacy p
Clinical data
Age at MS onset 6-44R 27.4(7.1) 17-43R 28.8 (7.1 6-44R 26.4(6.9) 0.049t
EDSS 1.0-8.0R 2.0v 1.5-8.0k  3.0° 1.0-7.5R 2.00 <0.001Y
Disease duration (years) 0-30R 70 0-30R 8.5b 0-25R 7b 0.061Y
Disease course 0.001Fi
Relapsing-onset MS 91.6 81.5 98.7
Progressive MS 8.4 18.5 1.3
Comorbidities 0-5R 10 0-5R 2b 0-3R (0 <0.001Y
0 42.7 25.9 54.5
1 25.2 22.2 27.3
2 19.8 24.1 16.9
3 8.4 18.5 1.3
4 2.3 5.6 0.0
5 1.5 3.7 0.0
Pharmaceutical data
Alldrugs 0-15R 4.2 (2.5) 5-15R 6.5 (2.0)c 0-4R 2.6 (1.1 <0.001Y
Long-term drugs 0-9R 3.2(2.1])e 1-9R 4.8 (2.1)e 0-4R 2.1 (1.1)¢ <0.001Y
PRN drugs 0-7R 1.0 (1.5)¢ 0-7R 1.7 (1.9)¢ 0-4R 0.6 (0.8)¢ <0.001Y
Rx drugs 0-14R 3.2(2.2) 1-14R 4.9 (2.3 0-4R 1.9 (1.0)c <0.001Y
OTC drugs 0-6R 1.1(1.2)¢ 0-6R 1.7 (1.5)¢ 0-3R 0.7 (0.7)¢ <0.001Y
DMD 0-2R 0.9 (0.4)c 0-2R 1.0 (0.4)c O={R 0.9 (0.3)¢ 0.092v
Symptomatic drugs 0-7R 1.2 (1.5)¢ 0-7R 2.2(1.8) 0-2R 0.4 (0.6)¢ <0.001!
Comorbidity drugs 0--10R 2.2(1.8]c 0-10R 3.4 (2.0)¢ 0-4R 1.3 (1.0)¢ <0.001V

DMD, disease-modifying drug; EDSS, expanded disability status scale; MS, multiple sclerosis; N, number of patients; OTC, over-the-counter;
p, p-value for comparing patients with and without polypharmacy; PRN, pro re nata; Rx, prescription.

aMean value (standard deviation).

®Median.

cAverage number of drugs taken per patient (standard deviation).

ChiChi-squared test.

FiFisher’s exact test.

RRange.

Two-sample two-tailed Student’s t-= test.

UMann-Whitney U test.

The study population had a median EDSS score relapsing-onset MS (91.6%) and the other women
of 2.0 (range: 1.0-8.0) and a median disease dura- had a chronic progressive course of disease (8.4%).
tion of 7years (range: 6 weeks to 30years). More Notably, 57.3% of the examined women suffered
than 90% of the patients were diagnosed with from at least one comorbidity in addition to MS.
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15 ° Polypharmacy

The definition of at least five drugs taken per
patient resulted in a polypharmacy rate of 41.2%
(N=54) for our study population (Table 1). The
analysis of the clinical-demographic data showed
that PwP were significantly less likely to be
employed than Pw/oP (37.0% versus 55.8%) and
were more than twice as likely to receive a disabil-
ity pension (51.9% wversus 23.4%). Furthermore,
polypharmacy was significantly associated with
higher age (Student’s ¢ test: p=0.001), higher

Figure 1. Number of drugs taken depending on age and degree of disability in EDSS, scores (Mann—Whltney Utest: p<’0.001),
female MS patients. The number of drugs taken by the 131 young women with chronic progressive course of MS ?EISher § exact
MS is plotted against age. The size and colour of the points were visualised test: p=0.001) and comorbidities (Mann—
depending on the patients’ EDSS scores. In addition, a linear regression line Whitney U test: p<<0.001) (Figures 1 and 2).

(in red, slope: 0.115, y-intercept: 0.063) with 95% CI (white background) is
depicted. The horizontal line at y=5 marks the threshold for distinguishing
patients with polypharmacy (=5 drugs, reddish background) and patients
without polypharmacy (<5 drugs, green background). Both the number of
drugs taken and the EDSS score are generally higher in older women.

Cl, confidence interval; EDSS, expanded disability status scale; MS, multiple sclerosis.

o
[}

CEX X X Jul
“NDWhOONO®

Number of drugs taken

Age in years

Comorbidities

The most frequent comorbidities in our study
were thyroid disorders (19.9%), followed by
depression  (13.0%), deficiency symptoms
(12.2%; e.g. deficiency of vitamin B12, vitamin
D, iron, folic acid or calcium), arterial hypertonia

7 . (11.5%) and migraine (10.7%). Considering the
= : @ different groups of comorbidities, there was only
2] - . . . .
§8¢ § one significant difference with regard to polyp-
- harmacy: psychiatric comorbidities occurred five
85288 . . .
£®BE8E c times more frequently in PwP than in Pw/oP
b =F ©
Edvcatonallevel B EEE 8 (27.8% wversus 5.2%; FDR =0.013) [Supplemental
w & = = . .
-ducational feve u 3835 2 File (a)]. The risk of polypharmacy and the
Partnership (0:no, 1:yes) X X 0 g § 5 5 K
Residential populaion size | x| |® € & = average drug intake of the 131 women was clearly
Number of siblings x x x x 2 £ 3 driven by the number of comorbidities (Figure 3):
Number of children x  x x| 2 288 women with at least two comorbidities had sig-
_ - DMD x x x x x x a8 = 5_ o nificantly higher polypharmacy rates (66.7%
Disease duration (years) x x X X X x x 0 0 54 2 versus 29.2%; Fisher’s exact test: »<<0.001) and
OTCdrugs x X X X/ X/ X X XO g g o took higher numbers of comorbidity drugs (@ 4.0
PRNGIUgs X X X X X X /X &g 8 @99 g . . &y crug i
Age (vears) x x x x X [ x Wl X x 2 § 5 £5 versus 1.3;' Mann-Whitney Utest:;t.><.f).001) than
EDSS = X X X X X X|[| X LEEZ 3y women with less than two comorbidities.
Symptomatic drugs X X X X X X| | X na %-g g 2
Comorbidities X X X X X|X X|X xogcg £
. S g .
Comorbidity drugs % X X X|X X X x o =%, Drug profile
Polypharmacy X X X X X| x| X X BErpc 22 o h ined Kk 4.2
Long—term drugs | =[x | = [% [ x| % | % % EEEE: n average, the women examined took 4.
Rx drugs I % -.....,i< drugs (Table 1). The number of medications
Alldrugs x| x X X X [ ] EEEEEN taken ranged from O to 15. The observed fre-
[ — | quencies per drug group are shown in Table 2.
-1 -08 -06 -04-02 0 02 04 06 08 1 DMDs were used by 89.3% of the patients
examined. Considering the five most commonly
Figure 2. Correlation matrix of clinical-demographic variables associated used drug groups, PwP were significantly more
with polypharmacy. The colours symbolise the degree of pairwise likely to take dietary supplements (50.0% versus
correlation according to Pearson’s correlation coefficient. The crosses 27.3%; Fisher’s exact test: p<<0.001) and oste-

mark the absence of significance (p>0.05). Correlating variables were, for oporosis drugs (50.0% wversus 14.3%; Fisher’s
example, age and comorbidities as well as polypharmacy and symptomatic exact test: p<0.001) than Pw/oP. In addition
: . . ,

drugs.
DMD, disease-modifying drug; EDSS, expanded disability status scale; OTC, over-the- these two d.rug groups rep.rese'nted t_he most
counter; PRN, pro re nata; Rx, prescription. common paired drug combination (Figure 4):
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the combination ‘dietary supplements’ and
‘osteoporosis drugs’ was recorded in 19 of the
131 women examined. Cholecalciferol (27.5%),
ibuprofen (22.1%), pantoprazole (16.0%), levo-
thyroxine (15.3%) and enoxaparin (12.2%)
were the five most frequently applied non-
DMDs. Of these, according to the SMPC, ibu-
profen is contraindicated in the third trimester
of pregnancy. The use of cholecalciferol, panto-
prazole and enoxaparin in pregnant women is
not recommended but possible under certain
conditions, for instance under narrow indica-
tion or if there are no alternative therapy options.
Following the SMPC, the appropriate use of lev-
othyroxine during pregnancy is rather safe, but
should be monitored by a physician. Furthermore,
cholecalciferol, ibuprofen and pantoprazole are
available as OTC drugs. In general, 25.3% of all
554 recorded drugs (counted with repetitions)
were OTC drugs (Figure 5).

Drug-drug interactions

DDI analysis revealed a total of 1033 potential
DDIs (counted with repetitions) for the 131
examined female MS patients, i.e. an average of
7.9 interactions per patient. Of these 1033 poten-
tial DDIs, 3.0% were categorised by MediQ as
average danger (clinically relevant), 17.0% as low
danger (relevant in exceptional cases) and 80.0%
as lack of evidence (possible but insufficiently
documented interactions) (Figure 6). High dan-
ger DDIs were not recorded. Three average dan-
ger DDIs were found for two or more patients,
namely the drug combinations ‘ethinylestradiol
with levothyroxine’, ‘baclofen with oxybutynin’
and ‘citalopram with fingolimod’. Moreover, the
results show that the prevalence of having at least
one average danger DDI was significantly higher
in PwP than in Pw/oP (31.5% wersus 5.2%;
Fisher’s exact test: p<<0.001). Of the 26 drug
combinations with an average danger DDI poten-
tial, 12 drug combinations (46.2%) each con-
tained at least one drug that is not indicated or
contraindicated in pregnancy or parts of preg-
nancy according to SMPC. A complete overview
of the potential DDIs with corresponding hazard
levels and observation frequencies is available as a
supplemental table [Supplemental File (b)]. For
one woman with severe polypharmacy, an inter-
action potential of 4 average danger, 20 low dan-
ger and 84 lack of evidence DDIs resulted for an
intake of 15 different drugs (8 long-term drugs
and 7 PRN drugs).

Polypharmacy

100(%).

Comorbidity drugs
5

Age (years)
48

75 (%)

MS-specific drugs 5 18 School years

Comorbidities s

22 EDSS
1

0 15

Number of children

Disease duration (years)

Figure 3. Impact of comorbidities on polypharmacy in relationship with
clinical-demographic and pharmaceutical data. In this spider plot, the MS
patients were divided into three groups: women without comorbidities
(N=56, green line), women with one comorbidity (N=33, black line) and
women with more than one comorbidity (N=42, red line). Mean values were
determined per group and visualised for eight variables, with the minima of
the variables being 0 and displayed in the centre of the spider plot. DMDs
and symptomatic drugs were combined as ‘MS-specific drugs’. Women with
two or more comorbidities took a notably higher number of comorbidity
drugs and showed a much higher polypharmacy rate than women with no
or one comorbidity.

DMD, disease-modifying drug; EDSS, expanded disability status scale; MS, multiple
sclerosis.

Discussion

In this study, we wanted to increase the aware-
ness of potential dangers associated with polyp-
harmacy and DDIs in female MS patients of
fertile age. For this purpose, the frequency of
polypharmacy and the clinical-demographic
parameters associated with polypharmacy were
examined in a large cohort of pre-menopausal
women with MS. In addition, the spectrum of
potential DDIs in this group of patients was com-
prehensively evaluated for the first time.

In our cohort of women of childbearing age,
41.2% were affected by polypharmacy. This rate
is within the range of 15-59% of other studies on
polypharmacy in MS.2! Polypharmacy was signifi-
cantly associated with higher age, higher degree of
disability (EDSS), chronic progressive course of
disease and comorbidities. With increasing age,
higher multimorbidity rates occur,*! which entails
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Table 2. Drug groups used by female MS patients of childbearing age with and without polypharmacy.

Total Polypharmacy No polypharmacy pFi

N 131 54 77

Drug groups % % %

DMD 89.3 90.7 88.3 0.078
Dietary supplements 36.6 50.0 27.3 0.010
Contraceptives 30.5 37.0 26.0 0.184
Osteoporosis drugs 29.0 50.0 14.3 <0.001
Analgesics 26.7 35.2 20.8 0.074
Gastrointestinal drugs 24.4 42.6 11.7 <0.001
Thyroid drugs 18.3 22.2 15.6 0.365
Antidepressants 15.3 33.3 2.6 <0.001
Thrombosis prophylactics 15.3 29.6 5.2 <0.001
Antihypertensives 13.0 18.5 9.1 0.123
Aconuresis drugs 13.0 25.9 3.9 <0.001
Sedatives/Anxiolytics 12.2 22.2 5.2 0.005
Common cold remedies 8.4 14.8 3.9 0.050
Antispasmodics 7.6 16.7 1.3 0.002
Antiallergics 6.9 9.3 5.2 0.487
Antiinfective drugs 6.9 14.8 1.3 0.004

Antiepileptics, migraine drugs, neuroleptics, asthma drugs, diabetes drugs, anti-Parkinson drugs, eye drops, dermatics,
hormone substituents, immunotherapeutic drugs for comorbidities and other drugs were each taken by less than 5% of

the patients.
MS, multiple sclerosis; N, number of patients.
FiFisher's exact test.

more complex drug therapies and can lead to
polypharmacy. The situation is similar with regard
to EDSS scores as more pronounced physical and
cognitive impairments often require a more
advanced therapy management. Depending on
the symptoms that may develop in the course of
MS (e.g. spasticity, pain, sexual dysfunction and
bladder disorders), further medications can be
used.3 In our study, the association of progressive
MS and polypharmacy was likely driven by the
higher age (mean 43.1years wversus 35.7years;
Student’s z test: p=0.002) and increased degree of
disability (median EDSS scores: 6.5 wersus 2.0;
Mann—-Whitney U test: p<<0.001) of patients with
chronic progressive MS compared with patients

with relapsing-onset MS. The number of comor-
bidities is another predictor of polypharmacy. As
in the systematic review by Marrie ez al., thyroid
diseases were the most frequent comorbidity in
MS patients in our study.*? However, thyroid dis-
eases occur with similar frequency in the general
population.*? Another common comorbidity in
MS patients is depression.*> The relatively low
frequency of depression observed in our study
(13.0%) is partly explained by the fact that many
patients still had a low EDSS score and were still
in work. According to Solaro ez al., the prevalence
of depression in MS patients is between 4.3%
and 59.6%.4* This wide range is due to the
heterogeneity of the MS patient cohorts examined.
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In general, however, the rate of depression not
only depends on the composition of the study
population in terms of sociodemographic and
clinical variables but also on the criteria and
assessment methods for the diagnosis of
depression.#4

Another point of interest is to consider drug groups
that are associated with the presence of polyphar-
macy: ‘dietary supplements with osteoporosis
drugs’ was the most common drug group combina-
tion in our analysis. In general, a considerable pro-
portion of people with MS tend to take dietary
supplements.?> In the present study, more than a
third of patients took at least one dietary supple-
ment. Although these preparations can be used as a
support, high-quality clinical trials are required to
evaluate their actual benefit.4® As expected, osteo-
porosis therapeutics, especially cholecalciferol,
were taken by about 30% of the women studied.
MS patients, especially women, have an increased
risk of fractures and osteoporosis.*”>¥® In general,
but also specifically for the osteoporosis drugs and
dietary supplements, Rx drugs alone do not reflect
the real medication profile of patients. OTC drugs
accounted for 25.3% of the drugs in our study. The
study by Barrenberg et al. showed that only 48.0%
of patients always read the package leaflet of drugs
taken and 82.7% to 96.6% of patients considered
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Figure 4. Common drug combinations in 131 female MS patients of
childbearing age. Hierarchical edge bundling chart of medications taken
together; 10 DMDs (green) and 28 other drug categories (blue] were
considered. The frequency of intake of these 38 drug groups ranged from 1
(e.g. ocrelizumab) to 48 (dietary supplements). In the graph, thick dark lines
indicate frequent combinations and large circles indicate the frequency per
drug group. The most frequent drug combination was ‘dietary supplements
and osteoporosis drugs’, which was found in 19 women.

DMD, disease-modifying drug; IT, immunotherapy; IVIG, intravenous immunoglobulin.
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Figure 5. Frequency of non-prescription drug intake in MS patients. A total of 73 different drugs were
considered to be non-prescription drugs. OTC drugs (counted with repetitions) accounted for 25.3% (N=140) of
all drugs, while Rx drugs accounted for 74.7% (N=414). These proportions were visualised as a donut plot (a).
In addition, the frequency of the 10 most frequently used OTC drugs in the 131 MS patients was presented as a

bar plot, with cholecalciferol, ibuprofen and pantoprazole at the top (b).
MS, multiple sclerosis; N, number of drugs; OTC, over-the-counter; Rx, prescription.
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(b)

(a) Evaluated drug
interactions (N = 1033)

average danger
(3.0%)

low danger
(17.0%)

lack of evidence

(80.0%) 68.5%

polypharmacy (N = 54)

Patients without
polypharmacy (N = 77)

Patients with

31.5% 5.2%

94.8%

Drug interaction of "average danger" category
M present W absent

Figure 6. Potential drug interactions in women with MS. The distribution of potential DDIs according to the
hazard levels is shown in a pie chart (a). Of 1033 potential DDIs (counted with repetitions) that were recognised
in our patient cohort (N=131), 3.0% were interactions of average danger. Analyses concerning polypharmacy
showed that PwP had significantly more potential DDIs of average danger than Pw/oP (Fisher’s exact test:

p<0.001) (b).

MS, multiple sclerosis; N (a), number of potential DDIs; N (b), number of patients; DDI, drug-drug interaction;
Pw/oP, patients without polypharmacy; PwP, patients with polypharmacy.

dermatically applied drugs and herbal preparations
to be rather safe.¥® Consequently, multimorbid
patients and PwP could have an increased risk of
side effects and DDIs due to the lower vigilance
concerning OTC drugs.

About 1-5% of hospitalisations are caused by
DDIs.’% In Germany, about 200,000-1million
patients are affected by dangerous DDIs every
year.>! The probability of detecting at least one DDI
in patients correlates with the number of drugs
taken: it has been estimated to be 50% for people
taking 5-9 drugs, 81% with 10-14 drugs, 92% with
15-19 drugs and 100% with at least 20 drugs.>? In
our patient cohort, a mean of 4.2 drugs per patient
(range: 0—15 drugs) resulted in a huge spectrum of
1033 potential DDIs. To our knowledge, we are the
first to provide here an overview of potential DDIs
in MS patients. It is remarkable that the proportion
of lack-of-evidence DDIs was 80.0%. Even though
many of these DDIs are only theoretically possible
and may have no practical relevance, their assess-
ment should nevertheless be made on a patient-
specific basis. Considering the most frequent average
danger DDIs, the combination of ethinylestradiol
and levothyroxine can lead to an increased require-
ment for levothyroxine.33:>¢ When starting or stop-
ping an oral oestrogen while using levothyroxine, a
monitoring of the thyroid function over several
months and if necessary dose adjustment of levothy-
roxine might be useful. Combining baclofen with
oxybutynin, side effects such as nausea, dry mouth
and dizziness might increase.5>5¢ In addition, both
drugs can lower the seizure threshold and lead to

hallucinations. In the case of pregnancy, both the
separate and combined use of baclofen and oxybu-
tynin is not recommended unless the benefits out-
weigh the risks. Baclofen can pass the placental
barrier and in newborns can lead to withdrawal
symptoms and postnatal convulsions.>” The availa-
ble data on the effects of oxybutynin on pregnancy
are insufficient and consequently its use is not rec-
ommended.>® The last of the three most frequent
average danger DDIs occurred in the combination
of citalopram with fingolimod. The concurrent use
of these drugs may increase the risk of QT prolon-
gation, so exceeding the physiological intraventricu-
lar excitation time of the heart, and thus the risk of
ventricular arrhythmias.>® This should be observed
especially during pregnancy. If the combination is
necessary, electrocardiogram (ECG) monitoring
should be performed initially and at dose increases.
There is only insufficient data on citalopram in
pregnancy, so it should only be used after careful
risk-benefit analysis.?%%! Fingolimod is contraindi-
cated in pregnancy and for women of fertile age
without an effective contraception. There is an
increased risk of severe congenital malformations of
the fetus.!262 In summary, the most frequent
clinically relevant DDIs in our study involved not
only comorbidity drugs but also MS-specific drugs:
fingolimod (DMD), baclofen (antispasmodic),
oxybutynin (parasympatholytic drug) and ethinyle-
stradiol (recommended contraception) are used in
MS-specific therapy.!-3

Considering especially the high rate of DMD use
in our cohort, immunomodulatory therapies can
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pose a potential health risk to certain patient
groups.!? For instance, in the case of pregnancy
(whether planned or unplanned), the use of bio-
logicals such as alemtuzumab, natalizumab and
ocrelizumab should take place only under careful
risk—benefit consideration, because those mono-
clonal antibodies could cross the placenta and
thus fetal damage cannot be ruled out.!3 A recent
pharmacovigilance data analysis by Hellwig ez al.
revealed that the use of interferon beta-1b until
conception and in the first pregnancy trimester is
not linked to an increased risk of abnormal preg-
nancy outcomes compared with the general pop-
ulation.®® Nevertheless, in general, caution is
required when using DMDs in pregnant women
or in women of childbearing age.

The result that 30.5% of our study cohort used
contraceptive drugs is consistent with data on
women in fertile age in Germany.%* However, we
expected a somewhat higher proportion in MS
because women receiving DMD are usually advised
to use effective contraception.!-13 Although non-
drug methods of contraception also exist, oral con-
traceptives are by far the most common method of
contraception.®* Therefore, unintended pregnan-
cies are theoretically more likely in the subgroup of
female MS patients not using hormonal contracep-
tion. Furthermore, our analysis revealed that 61.9%
of the patients with at least one average danger
DDI used no contraceptive drugs. Consequently,
in the case of an unplanned pregnancy, drug com-
binations or individual drugs could have a negative
effect on the pregnancy. For example, ibuprofen, as
one of the most commonly used drugs in our
cohort, carries an increased risk of miscarriage and
fetal cardiac malformations in early pregnancy and
is contraindicated in the third trimester of preg-
nancy.% Therefore, DDIs and drug utilization in
MS patients are an issue of high interest.

It is worth noting that there are also some limita-
tions of this study. Due to the cross-sectional
study design, there is an absence of explanatory
power with regard to causality. Longitudinal stud-
ies on the individual medication profiles of MS
patients may provide new insights into the causal
dependencies between polypharmacy and clinical-
demographic parameters. Contrasting our find-
ings against other polypharmacy and DDI studies
in other autoimmune disease patients as well as in
the general population would be an interesting
point. Despite MediQ’s comprehensive drug data-
bases, some compounds could not be studied.

Either the corresponding compounds were not yet
in the database or the medication plans collected
from the patients were incomplete with regard to
these compounds. In general, there is a lack of evi-
dence on DDIs and side effects of relatively newly
approved drugs. Information in databases grows
over time with documented case reports.

Conclusion

In summary, our study showed that polypharmacy
is present in almost half of female MS patients of
fertile age. In addition to the known associations of
polypharmacy with higher age, higher degree of
disability, chronic progressive course of MS and
comorbidities, we were also able to show that clini-
cally relevant DDIs occur significantly more fre-
quently in PwP than in Pw/oP. For the first time, a
comprehensive overview of the spectrum of DDIs
in MS patients is presented to create awareness for
potential risks of multimedication in the light of
possible unintended pregnancies. Especially for
women of employable age, the topic of polyphar-
macy requires a high level of attention in everyday
clinical practice. Further investigation into the
risks of commonly used drugs in MS patients of
childbearing age with regard to potential fetal dam-
ages would be useful.
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