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Hinweis:	Die	in	dieser	Arbeit	für	Personen	verwendete	männliche	Form	bezieht	
sich	immer	zugleich	auch	ausdrücklich	auf	die	weibliche	und	jede	andere	
Geschlechteridentität.
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1. Einleitung	
1.1. Multiple	Sklerose	(MS)	

Die	Multiple	Sklerose	(MS)	beziehungsweise	(bzw.)	Encephalomyelitis	disseminata	ist	die	

häufigste	chronisch-entzündliche	Erkrankung	des	zentralen	Nervensystems	(ZNS)	[1].	Die	

Pathophysiologie	ist	namensgebend	für	die	Erkrankung:	chronische	Läsionen,	die	sich	an	

unterschiedlichen	 Orten	 im	 ZNS	 manifestieren	 [2].	 Von	 der	 demyelinisierenden,	

neurodegenerativen	und	immunmediierten	Erkrankung,	die	sich	typischerweise	im	jungen	

Erwachsenenalter	 erstmanifestiert	 [3],	 sind	weltweit	mehr	 als	 2,8	Millionen	Menschen	

betroffen	[4].	Die	globale	Prävalenz	ist	geografisch	sehr	inhomogen	verteilt.	Europa	und	

die	 USA	weisen	 die	 höchsten	 Prävalenzraten	mit	 142,8	 bzw.	 309,2	 Fällen	 pro	 100.000	

Einwohnern	auf	[4,	5].	Die	globale	Prävalenz	stieg	zwischen	2013	und	2020	um	circa	(ca.)	

50%	[4].	Frauen	sind	mehr	als	doppelt	so	häufig	von	MS	betroffen	wie	Männer	[6].		

Die	 Pathogenese	 der	 Erkrankung	 ist	 bis	 heute	 nicht	 vollständig	 geklärt.	 Durch	 eine	

vermutete	 Autoimmundysregulation	 erfolgt	 eine	 Invasion	 peripherer	 T-	 und	 B-

Lymphozyten	 ins	ZNS,	wo	diese	mutmaßlich	von	 lokalen	antigenpräsentierenden	Zellen	

reaktiviert	werden	und	entzündliche	Läsionen	entstehen	[7,	8].	Diese	Läsionen	können	im	

gesamten	ZNS	auftreten.	Aufgrund	der	Inflammation	kommt	es	zur	Demyelinisierung,	zum	

Axon-	 und	 Synapsenverlust	 und	 zur	 konsekutiven	 reaktiven	 Gliose	 [9],	 gefolgt	 von	

teilweiser	Remyelinisierung.	Bisher	wurde	eine	Vielzahl	an	mit	MS	assoziierten	Faktoren	

identifiziert,	 darunter	 genetische	 Faktoren	 wie	 HLA-Ausprägungen	 (HLA,	 humanes	

Leukozytenantigen),	 Umweltfaktoren	 wie	 Sonnenlichtexposition	 und	 Ebstein-Barr-Virus	

(EBV)-Infektionen	sowie	Lifestyle-Faktoren	wie	Tabakkonsum	[10–16].	

Aufgrund	der	unterschiedlich	verteilten	Entzündungsherde,	die	in	Gehirn	und	Rückenmark	

entstehen,	 ergibt	 sich	 eine	 individuell	 sehr	 heterogene	 Symptomatik	 [17,	 18].	 Die	

Variabilität	der	Symptome	in	multiplen	Organsystemen	sowie	atypische	Symptome	können	

die	 Diagnosestellung	 erschweren,	 sodass	 Patienten	 oft	 zahlreiche	 Ärzte	 verschiedener	

Fachrichtungen	aufsuchen	müssen,	bevor	die	Diagnose	MS	gestellt	werden	kann	[19,	20].	

Zu	den	häufigsten	Symptomen	zählen	Dysästhesien,	Paresen,	Fatigue	und	Visusstörungen	

durch	die	häufig	vorangehende	Optikusneuritis.	Auch	vegetative	Symptome	wie	Blasen-	

und	Sexualfunktionsstörungen	sowie	neuropsychiatrische	Defizite	treten	häufig	auf	 [17,	

21,	22].		
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Die	Behinderung	eines	Patienten	kann	mit	der	sog.	Expanded	Disability	Status	Scale	(EDSS)	

systematisch	erfasst	werden	[23].	Dabei	wird	mithilfe	einer	Skala	zwischen	Null	und	Zehn	

der	 Behinderungsgrad	 quantifiziert:	 ein	Wert	 von	 Null	 beschreibt	 den	 physiologischen	

Zustand,	ein	Wert	von	Zehn	den	Tod	infolge	einer	MS.	Zur	Diagnose	einer	MS	werden	die	

McDonald-Kriterien	verwendet	[24],	in	die	sowohl	klinische	als	auch	paraklinische	Befunde	

sowie	 laborchemische	 Liquoruntersuchungen	 eingehen.	 Mithilfe	 der	

Magnetresonanztomographie	 können	 Läsionen	 des	 ZNS	 dargestellt	 und	 deren	 zeitliche	

und	örtliche	Dissemination	eingeschätzt	werden	[25],	was	neben	der	Symptomatik	eine	

wesentliche	 Rolle	 für	 die	 Einschätzung	 des	 Krankheitsverlaufes	 spielt.	 Es	 werden	 drei	

Hauptverlaufsformen	 der	 MS	 unterschieden	 [26]:	 die	 sogenannte	 (sog.)	 schubförmig	

remittierende	MS	(relapsing-remitting	MS,	RRMS),	die	primär	progrediente	MS	(primary	

progressive	MS,	PPMS)	 und	 die	 sekundär	 progrediente	MS	 (secondary	 progressive	MS,	

SPMS).	Als	mögliche	Vorstufe	der	MS	gelten	das	radiologisch	isolierte	Syndrom	(RIS)	sowie	

das	 klinisch	 isolierte	 Syndrom	 (clinically	 isolated	 syndrome,	 CIS)	 [27].	 Die	 RRMS	 ist	 die	

häufigste	Verlaufsform,	von	der	initial	85-90%	aller	Patienten	betroffen	sind.	Sie	ist	durch	

das	 Auftreten	 von	 sog.	 Schüben,	 also	 dem	 Neuauftreten	 von	 Symptomen	 bzw.	 die	

Verschlimmerung	bestehender	Symptome,	die	sich	meist	innerhalb	von	Tagen	entwickeln	

und	vollständig	oder	unvollständig	wieder	zurückbilden,	charakterisiert	[24].	Bei	einem	bis	

drei	Prozent	der	Patienten	mit	RRMS	wird	 jährlich	eine	sich	daraus	entwickelnde	SPMS	

diagnostiziert	 [28].	 Bei	 dieser	 besteht	 nach	 vorherigem	 schubförmigem	 Verlauf	 eine	

progrediente	Zunahme	der	Behinderung.	Aufgesetzte	Schübe	sind	zusätzlich	möglich.	Die	

Diagnose	SPMS	wird	in	den	meisten	Fällen	retrospektiv	gestellt	[26].	Bei	der	PPMS	besteht	

von	Beginn	der	Erkrankung	an	eine	progrediente	Behinderungszunahme	ohne	wesentliche	

Remission	und	ohne	auftretende	Schübe	[26].	

Eine	kurative	Behandlung	der	MS	 ist	derzeit	nicht	möglich,	 jedoch	gibt	es	verschiedene	

Säulen	 der	 Therapie.	 Medikamentöse	 Therapiesäulen	 sind	 die	 symptomatische,	 die	

verlaufsmodifizierende	und	die	akute	Schubtherapie.	Zur	akuten	Schubtherapie	werden	

hochdosierte	 Glucocorticosteroide	 bzw.	 bei	 Ausbleiben	 eines	 Therapieerfolgs	 die	

Plasmaseparation	 oder	 Immunadsorption	 angewandt	 [29].	 Die	 verlaufsmodifizierende	

Therapie	ist	je	nach	Verlaufsform	unterschiedlich.	Medikamente	für	diese	Therapiesäule	

werden	 als	 sog.	disease-modifying	 drugs	 (verlaufsmodifizierende	Medikamente,	DMDs)	

bezeichnet.	Es	gibt	verschiedene	 immunmodulierende	und	 -supprimierende	Wirkstoffe,	

die	 vor	 allem	 bei	 der	 RRMS	 und	 SPMS	 angewendet	 werden	 [30],	 mit	 dem	 Ziel,	 neue	
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Läsionen	und	Schübe	zu	verhindern	und	die	Behinderungsprogression	zu	verlangsamen.	

Bei	der	PPMS	sind	die	Therapiemöglichkeiten	stark	begrenzt,	da	hierfür	momentan	nur	ein	

zugelassenes	DMD	zur	Verfügung	steht	(Ocrelizumab)	[30–32].	Die	nichtmedikamentöse	

Therapie	 umfasst	 neben	 Physio-,	 Psycho-	 und	 Ergotherapie	 verschiedene	 Coping-

Strategien,	das	heißt	(d.	h.)	Strategien	zum	Umgang	mit	der	eigenen	Erkrankung	und	den	

daraus	resultierenden	Anforderungen	[33].	

Aufgrund	der	interindividuell	sehr	heterogenen	Symptomatik	und	Krankheitsprogression	

ist	eine	Prognose	des	langfristigen	Krankheitsverlaufs	und	des	Ansprechens	auf	Therapien	

nur	 schwer	 abschätzbar.	Mit	 einem	 eher	 günstigen	 Verlauf	 der	 Erkrankung	 assoziierte	

Faktoren	sind	unter	anderem	(u.	a.)	ein	junges	Erkrankungsalter	(vor	dem	35.	Lebensjahr),	

ein	monosymptomatischer	Beginn	der	MS	und	eine	gute	Remission	nach	dem	ersten	Schub	

[1].	Die	Lebenserwartung	gegenüber	der	Allgemeinbevölkerung	ist	um	durchschnittlich	7	

Jahre	reduziert	[34].	

1.2. Polypharmazie	(PP)	

Polypharmazie	(PP)	ist	nach	der	in	wissenschaftlichen	Arbeiten	am	meisten	verwendeten	

Definition	 die	 gleichzeitige	 Einnahme	 von	 ≥fünf	 Medikamenten	 [35].	 Sie	 betrifft	 aus	

unterschiedlichen	Gründen	einen	zunehmenden	Teil	der	Bevölkerung	[36,	37].	Einerseits	

werden	Menschen	immer	älter	und	durch	die	im	Alter	zunehmende	Multimorbidität	steigt	

auch	 der	 Bedarf	 an	 Medikation.	 Andererseits	 steigt	 die	 Anzahl	 der	 verschriebenen	

Medikamente,	u.	a.	durch	neue	Therapiemöglichkeiten,	stetig	an	[38].	Durch	PP	erhöht	sich	

wiederum	 das	 Risiko,	 Medikamenteninteraktionen	 (drug-drug	 interactions,	 DDIs)	 zu	

erleiden	 [38],	 aber	 auch	 ein	 erhöhtes	 Risiko	 für	 Therapie-Non-Adhärenz	 [39]	 sowie	

vermehrte	Nebenwirkungen	und	eine	erhöhte	Hospitalisierungsrate	sind	damit	verbunden	

[40].	

PP	ist	nicht	einheitlich	definiert.	Es	existieren	mehr	als	100	verschiedene	Definitionen	[35].	

Bei	der	gängigsten	Definition	werden	alle	applizierten	Medikamente	betrachtet	(totale	PP)	

[35],	 also	 sowohl	 verschreibungspflichtige	 (Rx)	 als	 auch	 nicht	 verschreibungspflichtige	

Medikamente	 (over-the-counter,	 OTC).	 Eine	 andere	 Definition	 beschreibt	 die	 sog.	

verschriebene	PP	(Rx-PP),	die	als	erfüllt	gilt,	sobald	vom	Patienten	≥fünf	Rx-Medikamente	

gleichzeitig	eingenommen	werden	[41].	Einer	Studie	des	Robert-Koch-Instituts	(RKI)	aus	

dem	Jahr	2013	zufolge	betrug	die	Prävalenz	von	PP	in	Deutschland	bei	70-	bis	79-Jährigen	

Männern	und	Frauen	47%	bzw.	53,2%	[41].	Derselben	Quelle	nach	lag	in	dieser	Gruppe	der	
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Anteil	 der	 von	Rx-PP	betroffenen	Männer	und	 Frauen	bei	 9,9%	bzw.	 13,6%.	Daten	 zur	

Prävalenz	von	PP	in	der	allgemeinen	und	vor	allem	jüngeren	Bevölkerung	sind	begrenzt,	da	

dieser	Aspekt	aufgrund	der	für	sie	hohen	klinischen	Relevanz	hauptsächlich	bei	älteren	und	

multimorbiden	Patienten	untersucht	wurde.	In	einer	schwedischen	Studie	aus	dem	Jahr	

2020	 wurde	 der	 Anteil	 der	 Allgemeinbevölkerung,	 der	 im	 Jahr	 2014	 von	 totaler	 PP	

betroffen	war,	mit	19%	angegeben	[36].	

1.3. Potenzielle	Medikamenteninteraktionen	(pDDIs)	

Potenzielle	Medikamenteninteraktionen	(potential	drug-drug	interactions,	pDDIs)	können	

als	 klinisch	 relevante	 Veränderungen	 in	 Pharmakokinetik	 (PK)	 und/oder	 -dynamik	 (PD)	

simultan	eingenommener	Medikamente	verstanden	werden	 [42].	Unter	PK	werden	die	

Auswirkungen	aller	Prozesse	im	Organismus	verstanden,	denen	ein	Wirkstoff	unterliegt,	

unter	PD	reziprok	die	Auswirkungen	des	Wirkstoffes	auf	den	Organismus	[43].	Da	PK	und	

PD	interindividuell	unterschiedlich	sein	können	[44],	ist	häufig	die	Rede	von	potenziellen	

Medikamenteninteraktionen,	die	nicht	obligat	bei	jedem	Patienten	auftreten	und	in	ihrer	

Stärke	 unterschiedlich	 ausgeprägt	 sein	 können.	 Das	 macht	 das	 Auftreten	 und	 die	

Ausprägung	tatsächlicher	DDIs	schwer	vorhersehbar.	Auswirkungen	von	DDIs	können	eine	

Verstärkung	 oder	 Abmilderung	 der	 Wirkung	 mindestens	 eines	 der	 eingenommenen	

Medikamente	sein,	was,	in	Abhängigkeit	der	Grunderkrankung,	zu	Nebenwirkungen	bis	hin	

zu	lebensbedrohlichen	Komplikationen	führen	kann	[45–47].	

Einen	relevanten	Einfluss	auf	pharmakokinetische	Prozesse	haben	verschiedene	Enzyme,	

die	u.	a.	an	der	Verstoffwechselung	von	Pharmaka	beteiligt	sind,	beispielsweise	(bspw.)	die	

CYP-Enzyme	 (Cytochrome	 P450).	 Das	 relevanteste	 dieser	 Gruppe,	 CYP3A4,	 wird	 durch	

zahlreiche	Substanzen	induziert	bzw.	inhibiert.	Dies	wirkt	sich	stark	auf	die	Plasmaspiegel	

der	durch	dieses	Enzym	metabolisierten	Substrate	aus	und	kann	leicht	zu	einer	erhöhten	

Toxizität,	aber	ebenso	Wirkabschwächung	führen.	Ein	konkretes	Beispiel	hierfür	wäre	die	

Inhibition	 von	 CYP3A4	 durch	 das	 Antibiotikum	 Clarithromycin,	 wodurch	 der	

Wirkstoffspiegel	 des	 CYP3A4-Substrates	 Simvastatin	 erheblich	 steigen	würde.	 Als	 Folge	

kann	eine	potenziell	letale	Rhabdomyolyse	auftreten	[48].	

Aufgrund	 von	 komplexem	Medikationsmanagement	 und	mangelnder	 Vernetzung	 bzw.	

Austausch	verschiedener	Fachärzte	sind	pDDIs	weiterhin	ein	unterschätztes	Problem	[49,	

50].	 In	einem	systematischen	Review	konnte	gezeigt	werden,	dass	ca.	ein	Prozent	aller	

Krankenhauseinweisungen	 weltweit	 aufgrund	 von	 DDIs	 und	 deren	 Auswirkungen	
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erfolgt	[51].	Dies	betont	die	Relevanz	des	Themas	und	deutet	den	finanziellen	Aspekt	der	

Problematik	 von	 pDDIs	 bzw.	 daraus	 resultierend	 DDIs	 an	 [52,	 53].	 Zur	 vereinfachten	

Detektion	von	pDDIs	wurden	sog.	clinical	decision	support	softwares	(CDSS)	bzw.	drug-drug	

interaction	databases	(DDID)	entwickelt.	Da	es	mit	der	stetig	steigenden	Zahl	zugelassener	

Medikamente	[54]	zunehmend	komplexer	wird,	die	pDDIs	von	Patienten	zu	überblicken,	

sind	mittlerweile	verschiedene	solcher	Softwares	entwickelt	worden	[55].	Das	Prinzip	der	

meisten	 dieser	 Anwendungen	 ist	 ähnlich:	 einzelne	 Wirkstoffe	 oder	 Medikamente,	

teilweise	auch	Nahrungs-	und	Genussmittel	wie	Kaffee	und	Tabak,	werden	eingegeben,	

woraufhin	 daraus	 entstehende	 pDDIs	 angezeigt	 und	 nach	 Schweregrad	 klassifiziert	

werden.	 Mit	 diesen	 Informationen	 können	 je	 nach	 Datenbank	 auch	 Aussagen	 über	

potenzielle	 Medikamenten-Nahrungsmittelinteraktionen	 (potential	 drug-food	

interactions,	 pDFIs)	 getroffen	 werden.	 Mithilfe	 der	 durch	 die	 Software	 erfolgten	

Einschätzung	 kann	 der	 Arzt	 die	 Medikation	 des	 Patienten	 gegebenenfalls	 anpassen.	

Aufgrund	 der	 starken	 Dependenz	 einer	 pDDI	 von	 unterschiedlichen	 Faktoren	 ist	 die	

Definition	von	pDDIs	in	einzelnen	Interaktionssoftwares	uneinheitlich.	Daraus	resultieren	

teilweise	 starke	Unterschiede	 in	 der	Detektion	 sowie	 Einschätzung	 der	 pDDIs	 [56,	 57].	

Unter	anderem	durch	hohe	Anzahlen	unbedeutender	pDDIs	bzw.	 solcher	mit	geringem	

Schweregrad	kann	es	zu	Nachlässigkeit	und	zu	einer	gewissen	Ignoranz	gegenüber	pDDIs	

kommen,	sodass	Hinweise	übergangen	werden	[58].		

1.4. PP	und	pDDIs	bei	Patienten	mit	MS	

Die	Relevanz	von	PP	und	pDDIs	für	den	wissenschaftlichen	Diskurs	der	MS	wird	deutlich,	

wenn	man	betrachtet,	dass	die	MS	eine	symptomreiche	Erkrankung	ist,	die	sich	klinisch	

sehr	 variabel	 darstellen	 kann	 [59].	 Dementsprechend	 werden,	 schon	 um	 die	

Symptomtherapie	 abzudecken,	 im	 Verlauf	 der	 Erkrankung	 in	 der	 Regel	 mehrere	

Medikamente	benötigt	[59,	60].	Hinzu	kommt	die	kausalorientierte	Therapie	der	MS	mit	

DMDs	[30,	31].	Bei	einem	durchschnittlichen	Alter	der	Patienten	mit	MS	in	Deutschland	

von	ca.	46	Jahren	[61]	sind	teilweise	auch	Therapeutika	gegen	Komorbiditäten	notwendig.	

Die	Summe	aller	für	einen	Patienten	mit	MS	nötigen	Medikamente	kann	daher	in	einem	

erhöhten	Risiko	für	PP	und	damit	für	pDDIs	resultieren.	

Patienten	 mit	 MS	 sind	 zu	 Krankheitsbeginn	 im	 Vergleich	 zu	 Patienten	 mit	 anderen	

neurologischen	 oder	 immunologischen	 Erkrankungen	 im	 Durchschnitt	 relativ	 jung	 und	

stellen	 damit	 eine	 besondere	 Gruppe	 dar.	 Sie	 haben	 eine	 erheblich	 höhere	 Anzahl	

sogenannter	disability-adjusted	 life	years	 (DALY),	also	krankheitsbelasteter	Lebensjahre,	
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die	neben	den	durch	die	Erkrankung	verlorenen	Lebensjahren	durch	einen	früheren	Tod	

auch	die	insgesamt	mit	einer	Erkrankung	gelebten	Jahre	erfasst	[62].	Verglichen	mit	den	

durchschnittlich	älteren	Patienten	mit	anderen	neurologischen,	chronischen	Erkrankungen	

[63,	64]	müssen	durch	die	höhere	verbleibende	Lebenserwartung	der	Patienten	mit	MS	

langfristige	 Folgen	 der	 Krankheit	 sowie	 der	 Therapie	 beachtet	 werden.	Weiterhin	 hat,	

besonders	bei	Frauen,	die	Familienplanung	besondere	Relevanz.	Obwohl	pDDIs	 in	nicht	

unerheblicher	 Weise	 den	 Verlauf	 von	 Erkrankungen	 sowie	 die	 Lebensqualität	 von	

Patienten	 beeinflussen	 können	 [65,	 66],	 gibt	 es	 bislang	 kaum	 Studien,	 die	 sich	mit	 PP	

und/oder	pDDIs	bei	nicht-geriatrischen	Patienten	wie	solchen	mit	MS	befassen.	

In	einer	kleinen	Kohorte	weiblicher	Patientinnen	mit	MS	(n=131)	konnte	bisher	durch	die	

Rostocker	 Arbeitsgruppe	 eine	 PP-Prävalenz	 von	 41,2%	 nachgewiesen	werden	 [67].	 Für	

diese	Patientengruppe	wurden	auch	pDDIs	 identifiziert.	Zur	Detektion	von	pDDIs	wurde	

dabei	die	Interaktionssoftware	MediQ	(Kapitel	(Kap.)	3.2.)	verwendet	[67].	Neben	MediQ	

gibt	 es	 weitere	 Interaktionssoftwares,	 mit	 Hilfe	 derer	 die	 Medikation	 von	 Patienten	

hinsichtlich	bestehender	pDDIs	überprüft	werden	kann.	Es	fehlen	jedoch	bisher	Vergleiche	

mehrerer	CDSS/DDIDs,	besonders	hinsichtlich	der	Medikation	bei	Patienten	mit	MS,	um	

Unterschiede	zwischen	diesen	Softwares	zu	identifizieren	und	somit	deren	Nutzen	für	die	

klinische	 Anwendung	 durch	 behandelnde	 Ärzte	 und	 Apotheker	 einzuschätzen.	 Um	 die	

Frage	 nach	 der	 Vergleichbarkeit	 sowie	 den	 Limitierungen	 verschiedener	 CDSS/DDID	

näherungsweise	 zu	 beantworten,	 sind	 daher	 vergleichende	 Untersuchungen	 dieser	

Interaktionssoftwares	nötig.	Besonders	für	Patienten	mit	einem	hohen	Medikationsbedarf,	

wie	es	MS-Patienten	sind,	ist	eine	verlässliche	Interaktionssoftware	von	Bedeutung,	um	bei	

einer	hohen	Zahl	simultan	eingesetzter	Medikamente	das	Risiko	von	pDDIs	entsprechend	

einschätzen	 und	minimieren	 zu	 können.	 Eine	 adäquate	 Identifikation	 von	 pDDIs	 sowie	

deren	Schweregraden	könnte	dazu	beitragen,	zukünftig	die	medikamentöse	Therapie	von	

Patienten	mit	MS	sicherer	zu	gestalten.	
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2. Fragestellungen	
Ziel	dieser	Arbeit	war	es,	mithilfe	von	drei	verschiedenen	Online-Interaktionssoftwares	die	

Prävalenzen	und	Schweregrade	von	pDDIs,	die	bei	der	medikamentösen	Behandlung	von	

Patienten	mit	MS	vorkommen	können,	zu	erforschen.	Dies	erfolgte	unter	Berücksichtigung	

der	Medikationslast	in	einer	Kohorte	von	Patienten	mit	MS.	Die	Patienten	wurden	in	die	

Subgruppen	Patienten	mit	PP	(patients	with	polypharmacy,	PwP)	und	Patienten	ohne	PP	

(patients	without	polypharmacy,	Pw/oP)	unterteilt.	Polypharmazie	wurde	als	totale	PP,	d.	

h.	als	Einnahme	von	mindestens	fünf	Medikamenten	 jeglicher	Art,	bzw.	Rx-PP,	d.	h.	als	

Einnahme	von	mindestens	fünf	verschreibungspflichtigen	Medikamenten,	erfasst.	

Eine	Gegenüberstellung	von	totaler	PP	und	Rx-PP	und	deren	Assoziation	zu	pDDIs	war	ein	

Schwerpunkt	der	vorliegenden	Arbeit.	

• Wie	hoch	ist	die	Prävalenz	von	PP	(totale	PP	bzw.	Rx-PP)	bei	MS-Patienten?	

• Wie	hoch	ist	der	Anteil	an	MS-Patienten,	bei	denen	pDDIs	auftreten?	

• Wie	sind	die	Interaktionen	anteilig	nach	Schweregraden	klassifiziert?	

• Wie	viele	pDDIs,	stratifiziert	nach	Schweregraden,	können	im	Mittel	bei	Patienten	

mit	PP	identifiziert	werden?	

Detektierte	 pDDIs	 sollten	 weiterhin	 näher	 analysiert	 werden.	 Dafür	 stand	 u.	 a.	 eine	

Differenzierung	der	Zusammensetzung	der	pDDIs	aus	Rx-	und	OTC-Präparaten	im	Fokus	

dieser	Arbeit.	Ein	weiteres	Ziel	war	es,	mithilfe	der	Interaktionssoftwares	Drugs.com	und	

Stockley’s	Interactions	Checker	(im	Folgenden	abgekürzt	als	Stockley’s)	neben	pDDIs	auch	

pDFIs	zu	identifizieren	und	näher	zu	beschreiben.	

• Welche	Wirkstoffe	 führen	am	häufigsten	zu	pDDIs	und	welche	pDDIs	 treten	am	

häufigsten	bei	MS-Patienten	auf?	

• Zu	welchem	Anteil	sind	Rx-	bzw.	OTC-Präparate	Bestandteil	von	pDDIs?	

• Welche	klinischen,	soziodemographischen	und	pharmakologischen	Faktoren	sind	

mit	dem	Auftreten	von	pDDIs	bei	Patienten	mit	MS	assoziiert?	

• Welche	Wirkstoffe	sind	an	pDFIs	beteiligt	und	werden	diese	Wirkstoffe	häufiger	

von	PwP	als	von	Pw/oP	verwendet?	

• Wie	viele	der	identifizierten	pDFIs	sind	mit	einem	hohen	Schweregrad	klassifiziert	

und	welche	Nahrungs-	und	Genussmittel	sind	am	häufigsten	an	pDFIs	beteiligt?	
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Ein	weiterer	Aspekt	dieser	Arbeit	war	der	Vergleich	der	drei	Interaktionssoftwares	MediQ,	

Drugs.com	und	Stockley’s	hinsichtlich	Detektion	und	Bewertung	von	pDDIs.	

• Wie	viele	pDDIs	können	jeweils	mit	den	drei	verwendeten	CDSS/DDIDs	ermittelt	

werden	und	welche	Überlappungen	gibt	es	bei	der	pDDI-Identifizierung	zwischen	

den	Interaktionssoftwares?	

• Gibt	es	hinsichtlich	der	Klassifizierung	von	pDDIs	nach	Schweregrad	Unterschiede	

zwischen	den	CDSS/DDIDs?	

• Gibt	es	pDDIs,	die	nach	allen	drei	CDSS/DDIDs	als	schwer	klassifiziert	werden?	
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3. Methodik	

3.1. Datenerhebung	

Die	 im	Rahmen	dieser	Arbeit	durchgeführten	Untersuchungen	basierten	auf	Daten,	die	

zwischen	 März	 2017	 und	 Mai	 2020	 in	 der	 Klinik	 und	 Poliklinik	 für	 Neurologie	 der	

Universitätsmedizin	 Rostock	 sowie	 im	 Ökumenischen	 Hainich	 Klinikum	 Mühlhausen	

erhoben	wurden.	In	die	Querschnittstudie	wurden	insgesamt	627	Patienten	mit	CIS	oder	

MS	eingeschlossen.	Diese	Kohorte	stellte	die	gemeinsame	Grundlage	für	die	in	den	drei	

Publikationen	 beschriebenen	 Analysen	 dar.	 Jeder	 Patient	wurde	 vor	 der	 Erfassung	 der	

Daten	über	das	Projekt	aufgeklärt	und	das	Einverständnis	zur	Verarbeitung	und	Nutzung	

der	 Patientendaten	 (unter	 Berücksichtigung	 der	 Datenschutzbestimmungen)	 wurde	

eingeholt.	Die	Studie	wurde	von	der	Ethikkommission	der	Universität	Rostock	sowie	von	

der	 Ethikkommission	 Thüringens	 genehmigt	 (Registriernummern	 A	 2014–0089A	 und	

2019–0048)	und	gemäß	der	Deklaration	von	Helsinki	durchgeführt.	

Folgende	Einschlusskriterien	waren	Voraussetzungen	für	die	Teilnahme	der	Patienten	an	

der	 Studie:	 Alter	 von	 ≥18	 Jahren	 sowie	Diagnose	 eines	 CIS	 bzw.	 einer	MS	 anhand	 der	

revidierten	McDonald-Kriterien	[24].		

Das	Vorgehen	zur	Erfassung	der	patientenspezifischen	soziodemographischen,	klinischen	

und	pharmazeutischen	Daten	ist	in	der	folgenden	Abbildung	(Abb.)	ausführlich	dargestellt	

(Abb.	1).	Die	Krankheitsdauer	wurde	am	Zeitpunkt	der	Diagnosestellung	bemessen.	Unter	

Berücksichtigung	 aller	 Wirkstoffe,	 die	 die	 Patienten	 zum	 Zeitpunkt	 der	 Befragung	

einnahmen,	wurden	 auch	 aufgrund	 akuter	 Beschwerden	 nur	 zeitweise	 eingenommene	

Wirkstoffe,	 zum	 Beispiel	 (z.	 B.)	 Antibiotika,	 eingeschlossen.	 Außerdem	 wurden	

homöopathische	Mittel,	Phytotherapeutika	und	Naturheilmittel	erfasst.		
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Abb.	1:	Übersicht	über	Erfassung	und	Auswertung	der	pDDIs	bei	Patienten	mit	MS	mithilfe	dreier	
CDSS/DDID.		
CDSS,	clinical	decision	support	system;	CI,	confidence	interval,	Konfidenzintervall;	DDID,	drug-drug	
interaction	database;	MS,	Multiple	Sklerose;	MW,	Mittelwert;	n,	Anzahl;	OR,	Odds	Ratio;	Stockley’s,	
Stockley’s	 Interactions	 Checker;	 pDDI,	 potential	 drug-drug	 interaction,	 potenzielle	
Medikamenteninteraktion;	 pDFI,	 potential	 drug-food	 interaction,	 potenzielle	 Nahrungsmittel-
Medikamenteninteraktion;	p.	P.,	pro	Patient;	SA,	Standardabweichung	

Stratifizierung	der	Medikamente	nach:	
• Einnahmerhythmus:	Dauerhaft/bei	Bedarf	
• Verordnung:	Rx/OTC	
• Therapieziel:	DMD/Medikament	für	Komorbiditäten/Symptomtherapeutikum	

	

Analyse	der	Medikationspläne	(n=627)	in	jeweils	drei	Interaktionssoftwares:	

Drugs.com	
	

	

MediQ	

	

Stockley’s		
	

	

Erfassung	aller	pDDIs	und	pDFIs	p.	P.	pro	Interaktionssoftware	

Statistische	Analyse	der	pDDIs:	
Häufigkeiten,	Minima,	Maxima,	MW,	SA,	Mediane,	OR,	CI	

Vergleich	der	drei	Softwares	anhand	folgender	Punkte:	
-Anzahl	und	Schweregrad	erfasster	pDDIs	

-Verhältnis	von	erfassten	Schweregraden	und	Häufigkeiten	
	

Soziodemografie:	
-Alter	
-Geschlecht	
-Bildungsstand	
-Ausbildung	
-Berufliche	Situation	
-Familienstand	
-Wohnort	
-Anzahl	der	Kinder	
-Anzahl	der	Geschwister	

	

Pharmazie:	
-Handelsname	
-Wirkstoff	
-Indikation	
-Einnahmeintervall	
-Dosierung	
-Applikationsform	
	der	eingenommenen	
	Medikamente	
	

	

Klinik:	
-Behinderungsgrad	
	anhand	des	EDSS-Scores	
-MS-Verlaufsform	
-Komorbiditäten	
-Krankheitsdauer	
-Behandlungssituation	

	
	

	
	

MS-Patienten	(n=627):	
• Anamnese	
• Patientenakten	
• Strukturiertes	Interview	
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3.2. Identifikation	von	potenziellen	Medikamenteninteraktionen	

Diese	Arbeit	beschäftigt	sich	mit	potenziellen	DDIs,	also	pDDIs,	da	das	klinische	Auftreten	

von	 DDIs	 nicht	 erfasst	 wurde.	 Um	 die	 pDDIs	 aus	 den	Medikationsdaten	 zu	 ermitteln,	

wurden	die	applizierten	Medikamente	eines	 jeden	der	627	eingeschlossenen	Patienten	

anhand	der	Medikationspläne,	d.	h.	ein	Plan	pro	Patient	(p.	P.),	zwischen	Mai	2020	und	

November	 2020	 in	 drei	 verschiedene	 CDSS/DDIDs	 eingetragen.	 Bei	 den	 drei	

Interaktionssoftwares	handelt	es	sich	um	MediQ,	Drugs.com	und	Stockley’s	Interactions	

Checker	(Abb.	1).	

Das	 Schweizer	 Online-CDSS	 MediQ	 ist	 eine	 für	 den	 klinischen	 Gebrauch	 durch	

medizinisches	Fachpersonal	vorgesehene	Software,	mit	der	die	Risikoabschätzung	einer	

Kombinationsbehandlung	mit	mehreren	Medikamenten	 erleichtert	werden	 soll.	 Neben	

Wirkstoffen	und	Medikamenten	können	hier	personenbezogene	Angaben	wie	genetische	

Faktoren,	bspw.	Polymorphismen	der	Cytochrom-P450-Enzyme	oder	HLA-Ausprägungen,	

und	 konsumierte	 Nahrungs-	 und	 Genussmittel	 (z.	 B.	 Tabak	 und	 Alkohol)	 eingegeben	

werden.	Um	diese	Software	zu	nutzen,	muss	eine	Lizenz	erworben	werden.	

Drugs.com	 ist	eine	 frei	 zugängliche,	primär	 für	Patienten	entworfene	englischsprachige	

Software,	deren	Ziel	es	ist,	verständlich	und	patientenorientiert	über	Medikamente	und	

deren	 mögliche	 Wechselwirkungen	 zu	 informieren.	 Es	 können	 Wirkstoffe	 eingegeben	

werden,	 deren	 potenzielle	 Interaktionen	 mit	 Nahrungs-	 und	 Genussmitteln	 ebenfalls	

angezeigt	werden.	Auf	der	Benutzeroberfläche	kann	zwischen	Informationen	für	Patienten	

ohne	genaue	Angabe	des	Mechanismus	einer	Interaktion	und	einer	detaillierteren	Version	

für	medizinisches	Personal	gewählt	werden.	

Stockley’s	 Interactions	 Checker,	 im	 Folgenden	 mit	 „Stockley’s“	 abgekürzt,	 ist	 eine	

Datenbank,	die	auf	einem	von	der	Royal	Pharmaceutical	Society	herausgegebenen	Buch	

basiert	[68].	Sie	wurde	entworfen,	um	Ärzte	und	medizinisches	Fachpersonal	bei	klinischen	

Entscheidungen	zu	unterstützen	und	die	Polypharmakotherapie	von	Patienten	sicherer	zu	

machen.	Auch	hier	können	mögliche	Medikamenteninteraktionen	mit	bspw.	Alkohol	oder	

Tabak	identifiziert	werden.	

Alle	 drei	 CDSS/DDIDs	 weisen	 jeweils	 3	 verschiedene	 pDDI-Schweregrade	 aus,	 die	 im	

Rahmen	der	Analyse	einheitlich	als	„mild“,	„moderat“	und	„schwer“	bezeichnet	wurden.	

In	den	Publikationen	1	und	2	wurden	jeweils	zwei	der	Softwares	zur	Identifizierung	von	

pDDIs	 verwendet	 (Publikation	 1:	MediQ	 und	 Stockley‘s,	 Publikation	 2:	 Drugs.com	 und	
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Stockley‘s).	Für	den	Fall,	dass	der	Schweregrad	einer	pDDI	zwischen	den	beiden	genutzten	

Softwares	nicht	einheitlich	war,	wurde	ein	in	den	Veröffentlichungen	näher	beschriebener	

Gesamt-Score	bestimmt	[69,	70].	Publikation	3	basiert	auf	einem	Vergleich	der	Ergebnisse	

aller	drei	Softwares	[71].	

3.3. Statistische	Analyse	

Alle	Patientendaten	wurden	pseudonymisiert	mithilfe	von	Microsoft	Excel	(Version	16.49)	

erfasst.	Zur	statistischen	Auswertung	dienten	die	Programme	SPSS	Statistics	(Version	27,	

IBM)	 und	 R	 (Version	 3.6,	 R	 Foundation	 for	 Statistical	 Computing).	 Aus	 den	 erhobenen	

Daten	 wurden	 absolute	 und	 relative	 Häufigkeiten,	 Mittelwerte	 (MW),	

Standardabweichungen	 (SA),	 Mediane	 und	 Wertebereiche	 (Minima	 und	 Maxima)	

errechnet.	 Um	 die	 Assoziation	 zwischen	 pDDIs	 und	 verschiedenen	 Variablen	 zu	

überprüfen,	erfolgten	univariable	binäre	 logistische	Regressionsanalysen	sowie	multiple	

logistische	 Regressionsanalysen.	 Es	 wurden	 odds	 ratios	 (OR)	 und	 Konfidenzintervalle	

(confidence	interval,	CI)	für	das	Risiko	für	(schwere)	pDDIs	errechnet.	Für	die	vergleichende	

Analyse	der	gebildeten	Patientensubgruppen	(z.	B.	PwP	versus	(vs.)	Pw/oP)	konnten	der	

zweiseitige	Welch-t-Test	und	der	Mann-Whitney-U-Test	für	metrische	Variablen	sowie	der	

Chi-Quadrat-Test	und	der	exakte	Fisher-Test	für	kategoriale	Variablen	eingesetzt	werden.	

Das	Signifikanzniveau	wurde	bei	⍺=0,05	definiert.	Zur	Visualisierung	wurden	Balken-	und	

Tortendiagramme	 mithilfe	 von	 Microsoft	 Excel	 (Version	 16.49)	 erstellt.	 Es	 wurden	

Abbildungen	 mithilfe	 der	 R-Pakete	 corrplot	 und	 VennDiagram	 sowie	 der	 Software	

Cytoscape	 (Version	 3.9.0)	 [72]	 erstellt.	 Weitere	 Abbildungen	 wurden	 mithilfe	 von	

Microsoft	Word	(Version	16.63)	sowie	Canva	(Version	1.38)	konzipiert.	 	
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4. Ergebnisse	
Im	Rahmen	dieser	Dissertation	entstanden	drei	Originalarbeiten.	Im	Nachfolgenden	sind	

die	Ergebnisse	in	der	zeitlichen	Reihenfolge	der	Veröffentlichungen	fokussiert	dargestellt	

(Kap.	4.1.,	Kap.	4.2.,	Kap.	4.3.).	Die	Kohorte	der	MS-Patienten	stellte	die	gemeinsame	Basis	

für	die	in	den	einzelnen	Publikationen	beschriebenen	Untersuchungen	dar.	Der	Fokus	der	

vorliegenden	Arbeit	 lag	auf	den	in	der	ersten	Publikation	beschriebenen	Analysen	(Kap.	

4.1.).	Im	Anhang	sind	die	Publikationen	inklusive	Abbildungen	und	Tabellen	eingebunden	

(Kap.	8.).	Das	folgende	Schaubild	(Abb.	2)	stellt	eine	Übersicht	der	Ergebnisse	dar	und	zeigt	

die	Zusammenhänge	zwischen	den	Publikationen	1,	2	und	3.	

	
	
Abb.	2:	Übersicht	der	Anzahl	an	detektierten	pDDIs	unter	Verwendung	von	einer,	zwei	bzw.	drei	
Interaktionssoftwares.	 Es	 ist	die	Gesamtzahl	 verschiedener	detektierter	pDDIs	angegeben,	d.	h.	
ohne	Dopplungen	von	pDDIs,	falls	die	gleiche	pDDIs	bei	zwei	oder	mehr	Patienten	erfasst	wurde.	
Die	farbliche	Kennzeichnung	dient	zur	besseren	Übersicht.	
bzw.,	 beziehungsweise;	 d.	 h.,	 das	 heißt;	n,	 Anzahl;	 OTC,	over-the-counter,	 verschreibungsfreies	
Medikament;	pDDI,	potential	drug-drug	interaction,	potenzielle	Medikamenteninteraktion;	pDFI,	
potential	drug-food	interaction,	potenzielle	Nahrungsmittel-Medikamenteninteraktion;	Stockley’s,	
Stockley’s	Interactions	Checker	
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4.1. Publikation	1:	Prevalence	and	severity	of	potential	drug-drug	

interactions	in	patients	with	multiple	sclerosis	with	and	without	

polypharmacy	[69]	

Von	 den	 627	 eingeschlossenen	 Patienten	 mit	 MS	 waren	 70,3%	 weiblich	 und	 der	

Altersdurchschnitt	lag	bei	48,6	Jahren	(SA:	13,3	Jahre).	Im	Median	lag	der	EDSS-Score	bei	

3,5	und	die	Krankheitsdauer	bei	zehn	Jahren.	Die	häufigste	Verlaufsform	der	MS	war	mit	

66,2%	die	RRMS	inklusive	der	CIS.	Kardiovaskuläre	Komorbiditäten	waren	am	häufigsten	

und	 traten	 bei	 27,1%	 der	 Patienten	 auf.	 Durchschnittlich	 nahm	 jeder	 Patient	 5,3	

Medikamente	 ein	 (Wertebereich:	 0-19),	 wovon	 durchschnittlich	 4,2	 Medikamente	

verschreibungspflichtig	sowie	1,1	frei	verkäuflich	waren.	Von	allen	Patienten	waren	53,3%	

von	totaler	PP	und	38,6%	von	Rx-PP	betroffen.	Patienten	mit	totaler	PP	bzw.	jene	mit	Rx-

PP	waren	mit	einem	Unterschied	von	knapp	 zehn	 Jahren	 signifikant	älter	als	Patienten	

ohne	(Rx-)	PP	(PwP	vs.	Pw/oP:	53,0	vs.	43,6	Jahre	für	totale	PP;	54,8	vs.	44,7	Jahre	für	Rx-

PP;	t-Test:	jeweils	p<0,001).	Der	durchschnittliche	EDSS-Score	sowie	die	mittlere	Anzahl	an	

Komorbiditäten	waren	bei	Patienten	mit	totaler	PP	wie	auch	bei	Rx-PP	signifikant	höher	als	

bei	Patienten	ohne	totale	PP/Rx-PP	(jeweils	p<0,001).	Die	Anzahl	der	Komorbiditäten	lag	

p.	P.	zwischen	Null	und	Neun.	

Insgesamt	wurden	 von	den	627	Patienten	3341	Medikamente	eingenommen,	 inklusive	

mehrfach	gezählter	Präparate.	Von	allen	Arzneimitteln	waren	85,5%	dauerhaft	bzw.	14,5%	

bei	 Bedarf	 verabreichte	 Medikamente,	 78,7%	 der	 applizierten	 Medikamente	 waren	

verschreibungspflichtig	bzw.	21,3%	OTC-Medikamente.	Pw/oP	nahmen	anteilsmäßig	mehr	

OTC-Medikamente	ein	als	PwP,	wohingegen	bei	PwP	der	Anteil	der	Rx-Medikamente	höher	

war	als	bei	Pw/oP	(exakter	Fisher	Test:	p=0,011	für	totale	PP,	p<0,001	für	Rx-PP).	Circa	16%	

aller	 verabreichten	 Medikamente	 waren	 DMDs.	 Das	 am	 häufigsten	 verordnete	

immunmodulatorische	Medikament	zur	Therapie	der	MS	war	Methylprednisolon,	welches	

19,6%	der	Patienten	entweder	zur	akuten	Schubtherapie	oder	als	zyklische	Dauertherapie	

erhielten.	Applizierte	Medikamente	bestanden	bei	Pw/oP	anteilig	zu	einem	größeren	Teil	

aus	DMDs	als	bei	PwP	(Pw/oP:	31,1%	totale	PP;	24,0%	Rx-PP	vs.	PwP:	11,5%	totale	PP;	

10,8%	Rx-PP).	Unabhängig	vom	PP-Status	bildeten	Medikamente	für	Komorbiditäten	stets	

den	größten	Anteil	aller	eingenommenen	Medikamente.	

Für	alle	627	Patienten	wurden	mit	den	DDIDs	MediQ	und	Stockley‘s	insgesamt	2887	pDDIs	

(gezählt	mit	Wiederholungen)	 bzw.	 1424	 verschiedene	 pDDIs	 festgestellt	 (Abb.	 2).	 Bei	
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36,2%	aller	Patienten	wurde	keine	pDDI	identifiziert.	Die	Anzahl	an	p.	P.	detektierten	pDDIs	

reichte	 von	 Null	 bis	 65,	 mit	 einem	 Mittelwert	 von	 4,6	 pDDIs.	 Bei	 PwP	 wurden	 im	

Durchschnitt	deutlich	mehr	pDDIs	identifiziert	als	bei	Pw/oP	(totale	PP:	8,2±10,7	vs.	0,5±1,0	

pDDIs	p.	P.;	Rx-PP:	10,5±10,4	vs.	0,9±1,4	pDDIs	p.	P.).	Mehr	als	95%	aller	pDDIs	entfielen	

auf	PwP	(totale	PP).	In	der	Untergruppe	von	Patienten	mit	Rx-PP	wurden	88,3%	aller	pDDIs	

detektiert.	 Die	Mehrheit	 aller	 pDDIs	 (65,4%)	wurde	 als	mild	 und	 nur	 0,2%	 aller	 pDDIs	

wurden	 als	 schwer	 eingestuft.	 Der	 Großteil	 aller	 pDDIs	 (77,3%)	 setzte	 sich	 aus	 zwei	

verschreibungspflichtigen	Medikamenten	 zusammen.	 Nur	 3,7%	 aller	 pDDIs	 resultierten	

aus	 der	 Kombination	 zweier	 OTC-Präparate.	 Rx-Rx-pDDIs	 wurden	 zu	 65,8%	 als	 mild	

eingestuft	und	18,7%	bzw.	11,2%	als	mild-moderat	bzw.	moderat.	pDDIs	bestehend	aus	

zwei	OTC-Medikamenten	waren	dagegen	zu	86,9%	als	mild	eingestuft.	Die	häufigste	pDDI	

(Cholecalciferol	–	Magnesium)	betraf	5,7%	aller	Patienten	und	wurde	als	mild	eingestuft.	

Es	 konnte	 gezeigt	 werden,	 dass	 Patienten	mit	 einer	 kardiovaskulären,	 neurologischen,	

orthopädischen	oder	psychiatrischen	Komorbidität	häufiger	eine	pDDI	(jeglicher	Schwere)	

aufwiesen	als	Patienten	ohne	diese	Komorbiditäten	(exakter	Fisher	Test:	p≤0,011).	
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4.2. Publikation	2:	Associated	factors	of	potential	drug-drug	interactions	

and	drug-food	interactions	in	patients	with	multiple	sclerosis	[70]	

Bei	 derselben	 Studienpopulation	 wie	 in	 Publikation	 1	 wurden	 insgesamt	 2587	 pDDIs,	

inklusive	mehrfach	gezählter,	bei	mehreren	Patienten	vorkommender	pDDIs,	bzw.	1211	

unterschiedliche	pDDIs	unter	Nutzung	von	Stockley’s	Interactions	Checker	und	der	DDID	

Drugs.com	erfasst	(Abb.	2,	Seite	13).	Die	durchschnittliche	Anzahl	an	pDDIs	p.	P.	betrug	4,1.	

Auch	hier	war	 der	Großteil	 der	 ermittelten	pDDIs	mild	 (57,1%).	 Schwere	 Interaktionen	

machten	3,4%	der	pDDIs	aus.	Bei	65,1%	der	Patienten	wurde	mindestens	eine	pDDI	erfasst,	

bei	25,0%	mindestens	eine	(moderat)	schwere	pDDI.	

Folgende	 Variablen	 waren	 mit	 dem	 Auftreten	 mindestens	 einer	 pDDI	 assoziiert:	 ein	

höheres	Alter	(OR:	1,060	pro	zusätzlichem	Lebensjahr;	p<0,001),	ein	höherer	EDSS-Score	

(OR:	 1,586;	 p<0,001),	 eine	 erhöhte	 Anzahl	 eingenommener	 Medikamente	 (OR:	 2,665;	

p<0,001),	eine	längere	Erkrankungsdauer	(OR:	1,041;	p<0,001)	und	eine	erhöhte	Anzahl	an	

Komorbiditäten	(OR:	2,235;	p<0,001).	Eine	höhere	Anzahl	absolvierter	Schuljahre	ging	mit	

einem	 reduzierten	 Risiko	 für	 pDDIs	 einher	 (OR:	 0,771;	 p<0,001).	 Sowohl	 die	

Wahrscheinlichkeit	einer	pDDI	 jeglicher	Schwere	als	auch	die	einer	(moderat-)schweren	

pDDI	wurden	durch	PP	stark	erhöht	 (≥eine	pDDI:	OR:	27,322;	≥eine	 (moderat-)schwere	

pDDI:	OR:	14,920).	Bei	PwP	(totale	PP)	wurde	signifikant	häufiger	mindestens	eine	pDDI	

jeglichen	 Schweregrades	 festgestellt	 als	 bei	 Pw/oP	 (93,1%	 bzw.	 33,1%,	 p<0,001).	 Die	

multiple	 logistische	 Regressionsanalyse	 ergab	 folgende	 prädiktive	 Variablen	 für	 das	

Vorliegen	mindestens	einer	pDDI:	Alter	(OR:	1,034),	Bildungsniveau	(OR:	0,502),	die	Anzahl	

der	eingenommenen	Medikamente	(OR:	2,608)	und	die	Anzahl	der	eingenommenen	DMDs	

(OR:	2,105).	

In	der	Kohorte	wurden	198	Medikamente	identifiziert,	die	Bestandteil	von	pDFIs	waren.	Es	

wurden	für	34	Medikamente	als	schwer	eingestufte	pDFIs	ermittelt,	wovon	21	durch	eine	

Wechselwirkung	 mit	 Alkohol	 entstanden.	 Unter	 den	 20	 am	 häufigsten	 verwendeten	

Medikamenten	war	Ibuprofen	als	einziges	Bestandteil	einer	als	schwer	eingestuften	pDFI.	

Die	 pDFI	 zwischen	 Ibuprofen	 und	 Alkohol	 könnte	 jedoch	 bis	 zu	 16,7%	 der	 Patienten	

betreffen,	da	dieser	Anteil	der	Patienten	Ibuprofen	einnahm.	
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4.3. Publikation	3:	Screening	for	severe	drug-drug	interactions	in	patients	

with	multiple	sclerosis:	A	comparison	of	three	drug	

interaction	databases	[71]	

Es	wurden	insgesamt	706	verschiedene	pDDIs	mit	Stockley‘s,	923	pDDIs	mit	Drugs.com	und	

1161	pDDIs	mithilfe	von	MediQ	bei	den	627	Patienten	identifiziert	(Abb.	2).	Mit	Stockley’s	

wurde	die	quantitativ	geringste	Anzahl	an	pDDIs	erfasst,	aber	qualitativ	der	höchste	Anteil	

an	als	schwer	eingestuften	pDDIs	(37,4%;	ohne	Wiederholungen).	In	MediQ	wurden	pDDIs	

im	Allgemeinen	mit	einem	geringeren	Schweregrad	eingeschätzt.	Nur	zehn	pDDIs	waren	

nach	MediQ	als	schwer	eingestuft.	Mithilfe	von	Stockley’s	bzw.	Drugs.com	konnten	47	bzw.	

23	 als	 schwer	 klassifizierte	 pDDIs	 identifiziert	 werden,	 die	 in	 den	 jeweils	 anderen	

Datenbanken	 nicht	 verzeichnet	 waren.	 Insgesamt	 wurden	 mithilfe	 der	 drei	

Interaktionssoftwares	1684	verschiedene	pDDIs	detektiert,	davon	18,9%	(318	pDDIs)	mit	

allen	drei	Softwares	übereinstimmend.	Die	Schnittmenge	war	mit	563	verschiedenen,	von	

beiden	 Softwares	 identifizierten	 pDDIs	 zwischen	 Drugs.com	 und	 MediQ	 am	 größten.	

Bezüglich	der	Schweregrade	bestand	die	größte	Übereinstimmung	zwischen	Stockley’s	und	

Drugs.com	mit	60,0%	einheitlichen	Einschätzungen.	Von	den	1684	verschiedenen	pDDIs	

wurden	 nur	 3,3%	 in	 allen	 drei	 Interaktionssoftwares	 sowohl	 detektiert	 als	 auch	 mit	

demselben	 Schweregrad	 eingestuft	 (17,3%	 der	 Schnittmenge,	 also	 der	 318	 von	 allen	

Softwares	detektierten	pDDIs).	

Bei	 70,3%	 aller	 Patienten	 wurde	 wenigstens	 eine	 pDDI	 und	 bei	 35,2%	 aller	 Patienten	

mindestens	eine	schwere	pDDI	mithilfe	mindestens	einer	der	drei	Softwares	festgestellt.	

Es	wurden	durchschnittlich	0,9±2,0	schwere	pDDIs	p.	P.	identifiziert.	Citalopram,	Ibuprofen	

und	 Methylprednisolon	 waren	 häufig	 Bestandteile	 schwerer	 pDDIs.	 Durch	 logistische	

Regressionsanalysen	 wurden	 in	 univariablen	 Modellen	 verschiedene	 Prädiktoren	 für	

schwere	pDDIs	ermittelt,	u.	a.	Alter,	Krankheitsdauer	und	Grad	der	Behinderung	 (EDSS-

Score)	 (OR>1,	 jeweils	 p<0,001).	 Währenddessen	 wurden	 eine	 erhöhte	 Anzahl	 an	

abgeschlossenen	Schuljahren	(OR:	0,737;	p<0,001),	ein	höherer	Bildungsgrad	(OR:	0,698;	

p=0,001)	und	eine	Partnerschaft	(OR:	0,632;	p=0,014)	als	protektive	Faktoren	identifiziert.	

Im	 multivariablen	 Modell	 verblieben	 Alter	 (OR:	 1,029;	 p=0,003),	 Komorbiditäten	 (OR:	

1,196;	p=0,029)	und	die	Anzahl	der	eingenommenen	Medikamente	(OR:	1,550;	p<0,001)	

signifikant	mit	dem	Risiko	für	eine	schwere	pDDI	assoziiert.	Ein	höheres	Bildungsniveau	war	

weiterhin	ein	protektiver	Faktor	(OR:	0,692;	p=0,010),	ebenso	wie	eine	Partnerschaft	(OR:	

0,591;	p=0,034).	 	
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5. Diskussion	
Durch	die	weltweit	zunehmende	Lebenserwartung	[73]	nimmt	auch	die	Multimorbidität,	

von	der	hauptsächlich	ältere	Menschen	betroffen	sind,	stetig	zu	[74].	Steigende	Raten	von	

an	 Erkrankungen	 betroffenen	 Menschen	 [75]	 führen	 dazu,	 dass	 auch	 der	 Bedarf	 an	

Medikation	und	die	Prävalenz	von	PP	ansteigen.	Neben	älteren	Menschen	haben	vor	allem	

Menschen	mit	chronischen	Erkrankungen	wie	der	MS	einen	erhöhten	Medikationsbedarf.	

Die	 daraus	 eventuell	 resultierende	 PP	 stellt	 ein	weitreichendes	 Problem	 für	 Patienten,	

Angehörige	und	Ärzte	dar	[76,	77],	aber	auch	für	das	Gesundheitssystem	im	Allgemeinen	

sowie	die	Volkswirtschaft.	Neben	einer	 geringeren	Therapieadhärenz	und	damit	 einem	

reduzierten	Therapieerfolg	ist	auch	ein	höheres	Risiko	für	pDDIs	eine	mögliche	Auswirkung	

[38–40].	Diese	pDDIs	können	unterschiedlicher	Natur	sein,	beschreiben	im	Allgemeinen	

aber	die	Wechselwirkung	mindestens	zweier	Medikamente,	die	simultan	eingenommen	

werden	und	sich	gegenseitig	in	PD	und/oder	PD	beeinflussen	können	[78].	Sowohl	PP	als	

auch	 pDDIs	 verdeutlichen	 die	 zunehmende	 Komplexität,	 die	 es	 in	 der	 Behandlung	 von	

(chronisch	erkrankten)	Patienten	zu	bewältigen	gilt.	In	dieser	Arbeit	wurden	die	Prävalenz	

von	PP	bei	Patienten	mit	MS	sowie	das	Ausmaß	und	der	Schweregrad	von	pDDIs	mithilfe	

verschiedener	 Softwares	 bestimmt.	 Weiterhin	 wurden	 Assoziationen	 von	

soziodemographischen,	klinischen	und	medikamentösen	Parametern	mit	dem	Risiko	von	

PP	und	pDDIs	erfasst.	

Bis	zum	heutigen	Stand	gibt	es	nur	wenige	Studien	zu	PP	und/oder	pDDIs	bei	MS-Patienten.	

In	der	Literatur	sind	aktuell	14	Originalarbeiten	zu	dieser	Thematik	zu	finden,	sieben	davon	

aus	 der	 Rostocker	 Arbeitsgruppe	 [67,	 69–71,	 79–88].	 Unter	 den	 Studien	 anderer	

Forschungsgruppen	 befanden	 sich	 bislang	 keine	 groß	 angelegten	 Studien,	 die	 sich	mit	

pDDIs	und/oder	pDFIs	bei	MS-Patienten	beschäftigten.	Zwar	gibt	es	ähnliche	Studien	bei	

anderen	 chronischen	 neurologischen	 (bspw.	 M.	 Parkinson)	 oder	 autoimmunen	

Krankheitsbildern	 (z.	B.	 rheumatoide	Arthritis)	 [89–92],	 jedoch	 ist	 ein	Vergleich	der	 im	

Rahmen	der	vorliegenden	Arbeit	beschriebenen	Ergebnisse	(Kap.	4.1,	Kap.	4.2.,	Kap.	4.3.)	

mit	 den	 Erkenntnissen	 dieser	 Studien	 schwierig,	 da	 Erkrankungen	 wie	 Parkinson	 oder	

Alzheimer-Demenz	 vor	 allem	 geriatrische	 Patienten	 betreffen	 [63,	 64].	 Der	

Altersdurchschnitt	dieser	Patienten	liegt	daher	meist	bedeutend	über	dem	von	Patienten	

mit	MS,	wie	auch	dem	der	Rostocker	Kohorte	[93,	94].	Im	Gegensatz	zur	gut	untersuchten	

Prävalenz	von	pDDIs	und	PP	bei	Patienten	im	Rentenalter	gibt	es	also	eine	Datenlücke	bei	

jüngeren	 Patienten,	 die	 durch	 chronische	 Erkrankungen	 wie	 der	 MS	 und	 eventuelle	
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Komorbiditäten	einen	erhöhten	Bedarf	an	Medikation	aufweisen.	Die	Notwendigkeit	und	

Relevanz	einer	solchen	Studie	werden	durch	die	hier	beschriebenen	Ergebnisse	bekräftigt.	

Mit	einem	Durchschnittsalter	von	ca.	49	Jahren	und	einem	Geschlechterverhältnis	von	ca.	

70%	 zu	 30%	 (weiblich	 zu	 männlich)	 war	 die	 hier	 untersuchte	 Patientenkohorte	 gut	

vergleichbar	mit	Patienten	zweier	großer	MS-Register	aus	Deutschland.	Dabei	handelt	es	

sich	um	das	MS-Registers	der	Deutschen	Multiple	Sklerose	Gesellschaft	 (DMSG)	[61],	 in	

dem	der	Altersdurchschnitt	bei	 47,4	 Jahren	 lag,	und	das	Register	des	NeuroTransData-

Netzwerks	[95],	dessen	Altersdurchschnitt	bei	49	Jahren	lag.	Der	mediane	EDSS-Score	der	

hier	beschriebenen	Patientenkohorte	betrug	3,5;	im	Median	waren	die	Patienten	seit	10	

Jahren	an	MS	erkrankt,	was	den	Register-Daten	ebenfalls	ähnelt	(DMSG:	medianer	EDSS-

Score:	3,0;	durchschnittliche	Erkrankungsdauer:	10,6±8,7	Jahre;	NeuroTransData:	mittlerer	

EDSS-Score:	2,8;	durchschnittliche	Erkrankungsdauer:	14,3±8,9	Jahre).	Die	Patienten	der	

untersuchten	Kohorte	litten	zu	66,2%	an	einer	RRMS	(inklusive	CIS),	gefolgt	von	SPMS	mit	

24,6%.	Damit	war	die	RRMS	im	Vergleich	zu	den	oben	genannten	Registern,	in	denen	die	

RRMS	einen	Anteil	von	74%	bzw.	77%	ausmacht,	leicht	unterrepräsentiert	[61,	95].	In	der	

Zusammenschau	dieser	Daten	und	aufgrund	der	relativ	großen	Kohorte	von	mehr	als	600	

eingeschlossenen	 Patienten	 kann	 trotzdem	 angenommen	 werden,	 dass	 die	 Kohorte	

repräsentativ	ist.	

Von	jedem	Patienten	der	Kohorte	wurden	im	Durchschnitt	5,3	Medikamente	verwendet,	

darunter	1,1	OTC-	und	4,2	Rx-Medikamente.	Laut	einem	Gesundheitsbericht	des	RKI	von	

2013	nahmen	Frauen	in	Deutschland	durchschnittlich	3,1	und	Männer	2,0	Präparate	ein	

[41].	 Neuere	 Daten	 aus	 dem	 Jahr	 2021	 aus	 Deutschland	 zeigten	 eine	 Einnahme	 von	

durchschnittlich	 2,2	 regelmäßig	 verwendeten	 Medikamenten	 p.	 P.	 in	 der	

Allgemeinbevölkerung	 [96].	 Damit	 war	 zwar	 die	 Anzahl	 der	 durchschnittlich	

eingenommenen	 Medikamente	 der	 MS-Patienten	 der	 zugrundeliegenden	 Kohorte	 ca.	

doppelt	 so	hoch	wie	die	der	durchschnittlichen	Bevölkerung.	 Jedoch	war	die	Erhöhung	

nicht	 so	 stark,	wie	es	eventuell	bei	Patienten	mit	einer	 chronischen,	 immunmediierten	

neurologischen	Erkrankung	zu	erwarten	gewesen	wäre.	In	einer	norwegischen	Studie	aus	

dem	 Jahr	 2015	 wurde	 eine	 durchschnittliche	 Anzahl	 von	 5,4	 eingenommenen	

verschriebenen	Medikamenten	bei	Patienten	mit	MS	festgestellt	[88],	was	sich	mit	dem	in	

dieser	Arbeit	gezeigten	Ergebnis	deckt.	

Von	den	627	Patienten	in	der	hier	untersuchten	Kohorte	waren	334	(53,3%)	von	PP	(total)	

betroffen	 (Kap.	 4.1).	 Dieses	 Ergebnis	 steht	 in	 Übereinstimmung	mit	 der	 norwegischen	
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Studie	zu	PP	bei	Patienten	mit	MS,	in	der	eine	PP-Rate	von	59%	beschrieben	wurde	[88].	In	

Studien	 zu	 PP	 und	 verschiedenen	 Assoziationsfaktoren	 bei	 Patienten	 mit	 MS	 konnten	

Thelen	 et	 al.	 Prävalenzraten	 von	 PP	 zwischen	 33%	 und	 90%	 feststellen	 [73,	 74].	 In	

Betrachtung	 der	 Allgemeinbevölkerung	 wurde	 in	 einer	 Studie	 aus	 Neuseeland	

beschrieben,	dass	im	Jahr	2018	fast	10%	der	Bevölkerung	von	PP	betroffen	waren	[97].	In	

einer	 ähnlich	 konzipierten	 Studie	 aus	 Dänemark	 waren	 es	 12%	 [98].	 Aufgrund	 der	

begrenzten	Studienlage	und	der	uneinheitlichen	Definition	von	PP	ist	es	derzeit	schwierig,	

aktuelle	Daten	zur	Prävalenz	von	PP	in	der	Bevölkerung	in	Deutschland	zu	finden.	Dagegen	

gibt	es	zahlreiche	Daten	zu	ebendieser	Prävalenz	für	über	65-jährige	Menschen	[37,	99,	

100].	Diese	Datenlücke	erschwert	einen	Vergleich	bzw.	die	Einordnung	in	den	aktuellen	

Kontext,	 verdeutlicht	 aber	 auch	 die	 Notwendigkeit	 von	 Forschungsaktivität	 auf	 dem	

Gebiet.	

Von	 Rx-PP	 waren	 242	 (38,6%)	 Patienten	 der	 untersuchten	 Kohorte	 betroffen.	 Für	 die	

Prävalenz	von	Rx-PP	gibt	es	ebenfalls	nur	wenige	vergleichbare	Daten,	 jedoch	wurde	 in	

einer	Studie	des	RKI	bei	Erwachsenen	in	Deutschland	für	Frauen	eine	Rx-PP-Rate	von	13,6%	

und	für	Männer	eine	Rx-PP-Rate	von	9,9%	festgestellt	[41].	Die	Prävalenz	von	PP	ist	also	

unter	 Patienten	mit	MS	 sowohl	 für	 Rx-	als	 auch	 totale	 PP	 deutlich	 gegenüber	 der	 der	

Allgemeinbevölkerung	erhöht.	

Je	 nach	 verwendeter	 Software	 wurden	 706	 (Stockley’s),	 923	 (Drugs.com)	 bzw.	 1161	

(MediQ)	verschiedene	pDDIs	identifiziert	(Kap.	4.3.).	Dabei	zeigte	MediQ	mit	weniger	als	

einem	Prozent	den	geringsten	Anteil	an	schwerwiegenden	 Interaktionen,	Stockley’s	mit	

37,4%	den	höchsten.	Die	Einschätzung	durch	Drugs.com	lag	sowohl	bezüglich	der	Anzahl	

der	 detektierten	 pDDIs	 als	 auch	mit	 einem	 Anteil	 von	 14,4%	 schwerwiegenden	 pDDIs	

zwischen	 den	 jeweiligen	 Ergebnissen	 von	 MediQ	 und	 Stockley‘s.	 Ähnliche	 Ergebnisse	

wurden	bspw.	 von	 Zorina	et	 al.	 bei	 einem	Vergleich	 der	 CDSS	MediQ	und	 ID	 PHARMA	

CHECK	beschrieben,	bei	dem	durch	MediQ	eine	deutlich	höhere	Anzahl	an	pDDIs	detektiert	

wurde,	die	mehrheitlich	mit	dem	geringsten	Schweregrad	eingeschätzt	wurden	[101,	102].	

Dies	wird	auch	von	einer	anderen	Studie	gestützt,	in	der	mithilfe	von	MediQ	im	Vergleich	

mit	vier	anderen	CDSS	die	meisten	pDDIs	für	Patienten	nach	einer	Nierentransplantation	

detektiert	werden	konnten	[56].	In	bisherigen	Studien	wurden	mit	Stockley’s	ähnlich	viele	

pDDIs	 identifiziert	 wie	 durch	 andere	 CDSS/DDIDs,	 teilweise	 wurden	 basierend	 auf	

Stockley’s	sogar	mehr	pDDIs	aufgelistet	als	auf	der	Basis	von	Drugs.com,	was	im	Gegensatz	

zu	den	hier	beschriebenen	Daten	steht	[103,	104].	
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Die	 Überlappung	 an	 detektierten	 pDDIs	 der	 drei	 verwendeten	 Interaktionssoftwares	

betrug	 nur	 18,9%.	 Von	 dieser	 Schnittmenge	 wurden	 17,3%	 der	 pDDIs	 von	 allen	 drei	

Interaktionssoftwares	mit	demselben	Schweregrad	eingeschätzt.	Dieses	Ergebnis	bestätigt	

Erkenntnisse	anderer	Studien.	Vergleichbar	 ist	eine	Arbeit	von	Sancar	et	al.,	 in	der	drei	

Softwares	 verglichen	 wurden,	 darunter	 auch	 Drugs.com	 [105].	 Zwischen	 diesen	 drei	

Interaktionssoftwares	 bestand	 eine	 Überschneidung	 von	 18%.	 In	 anderen	 Studien	

stimmten	 teilweise	nur	5%	der	mit	mehreren	 Interaktionssoftwares	detektierten	pDDIs	

überein	 [106,	 107].	 Übereinstimmungsraten	 der	 Schweregrade	 verschiedener	

Interaktionssoftwares	 wurden	 mit	 37,4%	 [108]	 bzw.	 13,1%	 [105]	 beschrieben.	 Das	

verdeutlicht,	wie	 stark	 die	 Einschätzung	 von	 pDDIs	 variieren	 kann,	wenn	 verschiedene	

Softwares	 verwendet	 werden.	 Ursächlich	 für	 diese	 Inhomogenität	 der	 CDSS/DDIDs	 ist	

vermutlich	vor	allem	die	subjektive	Einschätzung	von	pDDIs	und	deren	Schweregraden,	da	

keine	einheitlich	Definition	existiert	[109].	Infolgedessen	sind	Kriterien	zur	Identifikation	

sowie	 Evaluation	 in	 jeder	 Software	 anhand	 verschiedener	 Definitionen	 unterschiedlich	

festgelegt.	 Der	 Begriff	 potenzielle	 Medikamenteninteraktion	 verdeutlicht,	 dass	 das	

tatsächliche	Auftreten	einer	DDI	von	verschiedenen	Faktoren	abhängig	ist,	darunter	dem	

persönlichen	 Metabolismus,	 Dosis	 oder	 Applikationsform	 applizierter	 Medikamente.	

Welche	Informationen	letztlich	in	der	Beurteilung	einer	pDDI	berücksichtigt	wurden,	ist	je	

nach	Datenbank	unterschiedlich.	Weitere	Faktoren,	die	Unterschiede	im	Datenbestand	der	

CDSS/DDIDs	bedingen	könnten,	 sind	die	Zielgruppe	 sowie	die	Aktualität	der	 Softwares.	

MediQ	ist	bspw.	explizit	für	medizinisches	Personal	im	klinischen	Alltag	entwickelt	worden,	

wohingegen	Drugs.com	für	den	privaten	Gebrauch	durch	Patienten	und	Nichtmediziner	

entworfen	wurde.	 Da	 es	 für	 den	medizinischen	 Laien	wichtiger	 ist,	 einen	Überblick	 zu	

bekommen	und	für	ihn	relevante	und	wirklich	bedrohliche	pDDIs	identifizieren	zu	können	

[110,	111],	werden	hier	eventuell	weniger	pDDIs	ausgewiesen	als	durch	MediQ,	dafür	aber	

mit	höheren	Schweregraden	klassifiziert.	Ärzte	und	Apotheker	dagegen	können	mithilfe	

von	MediQ	 eine	 höhere	Anzahl	 an	 pDDIs	 detektieren,	 die	 aber	 im	Regelfall	mit	 einem	

geringen	Schweregrad	eingestuft	 sind.	Unter	diesen	sollte	der	Arzt	dann	die	 für	 seinen	

Patienten	tatsächlich	relevanten	pDDIs	identifizieren	können.	

Hinzu	 kommt,	 dass	 jede	 der	 Interaktionssoftwares	 zwar	 regelmäßig,	 aber	 nicht	

gleichermaßen	oft	aktualisiert	wird,	um	neue	Studienergebnisse	zu	berücksichtigen.	Daher	

kann	es	vorkommen,	dass	einige	CDSS/DDIDs	Medikamente	und	pDDIs	beinhalten,	die	in	

anderen	noch	nicht	verzeichnet	sind.	Die	Varianz	in	der	Detektion	und	Klassifikation	von	
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pDDIs	stellt	durch	die	geringe	Vergleichbarkeit	ein	Problem	im	klinischen	Alltag	dar.	Zum	

aktuellen	Stand	und	solange	keine	besseren	Lösungen	existieren,	sollten	daher	Ärzte	und	

Apotheker	mindestens	 zwei	 geeignete	 Interaktionssoftwares	 verwenden,	 um	möglichst	

wenige	pDDIs	 zu	übersehen	und	unterschiedliche	Einschätzungen	der	Schweregrade	zu	

erhalten	[57,	105,	112,	113].	Die	Ergebnisse	verschiedener	Studien	zu	pDDIs	sollten	immer	

unter	Berücksichtigung	der	verwendeten	Ressource(n)	interpretiert	werden.	

In	der	untersuchten	Kohorte	trat	bei	70,3%	aller	Patienten	mindestens	eine	pDDI	jeglicher	

Schwere	auf	(mit	mindestens	einer	der	drei	Softwares	detektiert)	(Kap.	4.3).	In	einer	Studie	

aus	dem	Jahr	2001,	in	der	auf	der	Grundlage	von	Aufzeichnungen	über	alle	in	schwedischen	

Apotheken	herausgegebenen	Verordnungen	eine	Abschätzung	der	Prävalenz	von	pDDIs	in	

der	allgemeinen	Bevölkerung	erfolgte,	konnte	herausgefunden	werden,	dass	in	13,6%	aller	

Verschreibungen	mindestens	eine	pDDI	inbegriffen	war	[114].	In	einer	ähnlichen	Studie	aus	

der	Türkei	wurde	sogar	ein	Anteil	von	39,2%	beschrieben	[105].	Da	diese	Studien	nicht	auf	

eine	 bestimmte	 Erkrankung	 beschränkt	 waren,	 lässt	 sich	 daraus	 schließen,	 dass	 ein	

durchschnittlicher	 Patient	 mit	 MS	 ein	 ca.	 2-	 bis	 4-fach	 erhöhtes	 Risiko	 gegenüber	

anderweitig	Erkrankten	hat,	mindestens	eine	pDDI	aufzuweisen.	Dabei	 ist	zu	bedenken,	

dass	nur	ein	Teil	dieser	pDDIs	klinisch	relevant	wird.	Trotz	des	eher	geringen	Risikos	einer	

schweren,	klinisch	relevanten	DDI	sollten	Ärzte	bei	der	Verschreibung	von	Medikamenten	

das	stark	erhöhte	Risiko	 für	pDDIs	bei	MS-Patienten	beachten	und	gegebenenfalls	 zum	

Anlass	 für	 eine	 Umstellung	 des	 Medikamentenplans	 nehmen.	 Zukünftig	 sollte	 von	

ärztlicher	Seite	verstärkt	darauf	geachtet	werden,	potenziell	interagierende	Medikamente	

auszutauschen	 bzw.	 je	 nach	 Möglichkeit	 abzusetzen.	 Beispielsweise	 sind	 Statine	

typischerweise	 Substrate	 von	 CYP3A4	 [115]	 und	 daher	 anfällig	 für	 Interaktionen.	 Eine	

Ausnahme	bildet	Pravastatin,	das	nicht	durch	CYP3A4	metabolisiert	wird	[116]	und	daher	

eventuell	 alternativ	 eingesetzt	 werden	 kann,	 wenn	 ein	 anderes,	 mit	 CYP3A4	

interagierendes	 Medikament	 zwingend	 notwendig	 ist.	 Andere	 Medikamente	 können	

eventuell	dauerhaft	oder	zeitweise	abgesetzt	werden,	wenn	ihr	Nutzen	das	Risiko	einer	

Interaktion	 nicht	 überwiegt.	 Die	 Zusammenarbeit	 verschiedener	 Fachdisziplinen	 sollte	

künftig	verbessert	werden,	um	für	einen	Patienten	erforderliche	Medikamente	bei	Bedarf	

präziser	aufeinander	abzustimmen.	Dabei	könnten	auch	regelmäßige	Konsultationen	von	

Apothekern	helfen,	um	verschreibende	Ärzte	zur	Vermeidung	von	DDIs	bei	der	Erstellung	

von	Medikationsplänen	zu	unterstützen.	Bestehende	Medikationspläne	sollten	regelmäßig	
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hinsichtlich	pDDIs	überprüft	werden,	auch	wenn	keine	Änderungen	daran	vorgenommen	

wurden,	da	die	Interaktionsdatenbanken	regelmäßig	aktualisiert	werden.	

Die	 am	 häufigsten	 als	 schwer	 eingestufte	 pDDI	 bestand	 aus	 Acetylsalicylsäure	 und	

Enoxaparin	und	betraf	21	Patienten	(3,3%	aller	Patienten).	Die	Kombination	dieser	beiden	

Wirkstoffe	kann	zu	einer	erhöhten	Blutungsneigung	 führen	 [117],	da	die	Wirkstoffe	als	

Thrombozytenaggregationshemmer	 (Acetylsalicylsäure)	 und	 Antikoagulans	 (Enoxaparin)	

zwar	 an	 unterschiedlichen	 Punkten	 ansetzen,	 aber	 insgesamt	 synergistisch	wirken	 und	

beide	die	Blutgerinnung	hemmen	[118,	119].	Infolgedessen	kann	es	zu	schweren	Blutungen	

kommen	[118].	Sechs	pDDIs	wurden	von	den	drei	Interaktionssoftwares	gleichermaßen	als	

schwer	 eingestuft.	 Eine	 Auffälligkeit	 dabei	 war,	 dass	 an	 allen	 dieser	 sechs	 pDDIs	 der	

selektive	 Serotonin-Wiederaufnahmehemmer	 Citalopram	 beteiligt	 war.	 Damit	 war	

Citalopram	 das	 Medikament,	 das	 am	 häufigsten	 Teil	 einer	 von	 jeglicher	 Software	 als	

schwer	eingestuften	pDDI	war.	Citalopram	hat	u.	a.	durch	seine	Metabolisierung	durch	die	

CYP-Enzyme	 CYP2C19	 und	 CYP3A4	 ein	 relativ	 hohes	 Interaktionspotential	 [120].	 Hinzu	

kommt	eine	mögliche	Verlängerung	des	QT-Intervalls	durch	Citalopram	[121].	Da	diese	QT-

Zeit-Verlängerung	ebenfalls	von	einer	Vielzahl	anderer	Medikamente	verursacht	werden	

kann	 [122],	 potenziert	 sich	 das	 Risiko	 dafür	 bei	 Kombination	 von	 Citalopram	mit	 den	

entsprechenden	 anderen	 Wirkstoffen.	 Damit	 könnte	 das	 gehäufte	 Vorkommen	 von	

Citalopram	 in	 als	 schwer	 klassifizierten	 pDDIs	 möglicherweise	 erklärt	 werden.	 Diese	

Häufung	wurde	auch	 in	einer	 früheren	Studie	zu	Demenzerkrankten	durch	eine	andere	

Arbeitsgruppe	beschrieben	[123].	

Von	 besonderer	 Relevanz	 ist	 der	 hier	 beschriebene	 Aspekt,	 dass	 der	 Großteil	 aller	 pDDIs	

(77,3%)	aus	der	Verwendung	zweier	Rx-Medikamente	resultierte	(Kap.	4.1.).	Knapp	über	20%	

aller	pDDIs	enthielten	allerdings	mindestens	ein	OTC-Medikament,	wodurch	betont	wird,	dass	

frei	verkäufliche	Wirkstoffe	bei	der	Bestimmung	von	pDDIs	nicht	vernachlässigt	werden	dürfen.	

Nicht	 nur	 die	 Anzahl,	 auch	 der	 Schweregrad	 der	 in	 Zusammenhang	 mit	 OTC-Präparaten	

detektierten	 pDDIs	 lassen	 die	 Bedeutung	 von	 OTC-Wirkstoffen	 bei	 der	 Überprüfung	 der	

Medikation	 von	 MS-Patienten	 ersichtlich	 werden.	 Bisher	 jedoch	 wurden	 OTC-Präparate	

regelmäßig	 bei	 der	 Evaluation	 von	 pDDIs	 vernachlässigt	 [124–126].	 Hinzu	 kommt,	 dass	

Patienten	 Studien	 zufolge	 in	 bis	 zu	 44%	 der	 Fälle	 nicht	 verschreibungspflichtige	Wirkstoffe	

sowie	Nahrungsergänzungsmittel	 bei	 der	 Frage	nach	eingenommenen	Medikamenten	nicht	

angeben	 [127,	 128].	 Ersichtlich	 wird	 also,	 dass	 einerseits	 OTC-Präparate	 bewusst	 in	 die	

Evaluation	von	pDDIs	eingeschlossen	werden	sollten,	und	andererseits	Patienten	aktiv	nach	
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den	 von	 ihnen	 eingenommenen	OTC-Präparaten	 sowie	Nahrungsergänzungsmitteln	 befragt	

werden	müssen,	um	ein	vollständiges	Bild	der	pDDIs	eines	Patienten	zu	erlangen.	

Die	 vorliegende	Arbeit	 zeigte	 deutlich	 auf,	 dass	 ein	 höheres	 Alter,	 eine	 höhere	Anzahl	

eingenommener	Medikamente	und	das	Vorliegen	von	Komorbiditäten	Risikofaktoren	für	

das	Auftreten	mindestens	einer	pDDI	darstellen.	In	den	logistischen	Regressionsanalysen,	

die	in	den	Publikationen	2	und	3	(Kap.	4.2.	bzw.	4.3.)	beschrieben	sind,	konnte	außerdem	

ein	höherer	Behinderungsgrad,	gemessen	am	EDSS,	mit	dem	Auftreten	von	 (schweren)	

pDDIs	 assoziiert	 werden.	 PP	 erwies	 sich	 als	 starker	 Risikofaktor	 für	 das	 Auftreten	

mindestens	einer	pDDI,	genauer	gesagt	war	das	Risiko	für	das	Auftreten	von	pDDIs	für	PwP	

um	das	27-fache	gegenüber	Pw/oP	erhöht	 (totale	PP)	 (Kap.	4.2).	Dieses	Ergebnis	stützt	

Erkenntnisse	 bisheriger,	 nicht	 MS-bezogener	 Studien,	 in	 denen	 ebenfalls	 eine	 starke	

Assoziation	zwischen	PP	und	dem	Auftreten	von	pDDIs	bzw.	einem	signifikant	erhöhten	

Risiko	 für	pDDIs	durch	eine	höhere	Anzahl	an	Medikamenten	beschrieben	wurde	 [125,	

129–132].	 Ähnliches	 gilt	 für	 weitere,	 in	 dieser	 Arbeit	 beschriebene	 Risikofaktoren	 für	

pDDIs.	Damit	untermauert	die	vorliegende	Dissertation	die	Erkenntnisse	sowohl	früherer	

Studien	 der	 Forschungsgruppe	 Zettl	 als	 auch	 Ergebnisse	 aus	 Studien	 anderer	

Forschungsgruppen	[83,	86,	133–135].	

Es	konnten	weiterhin	pDFIs	mithilfe	von	Drugs.com	und	Stockley’s	in	der	in	Publikation	2	

(Kap.	4.2.)	beschriebenen	Analyse	detektiert	werden.	Insgesamt	waren	198	verschiedene	

Wirkstoffe	an	pDFIs	beteiligt,	davon	34	an	schweren	pDFIs.	Von	der	pDFI	bestehend	aus	

Ibuprofen	 und	 Alkohol	 waren	 bis	 zu	 16,7%	 der	 Patienten	 betroffen.	 Von	 den	 20	

Medikamenten,	die	am	häufigsten	von	Patienten	eingenommen	wurden,	bestand	bei	15	

der	 Präparate	 die	 Gefahr	 einer	 pDFI.	 Dabei	 muss	 jedoch	 beachtet	 werden,	 dass	 die	

Wahrscheinlichkeit,	dass	ein	Patient	von	einer	dieser	möglichen	Interaktionen	tatsächlich	

klinisch	betroffen	war,	eher	gering	ist,	da	viele	dieser	pDFIs	auf	bestimmten	Nahrungs-	und	

Genussmitteln	basieren,	deren	Konsum	in	der	Studie	nicht	erfasst	wurde.	Viele	pDFIs	sind	

bspw.	 Interaktionen	 mit	 Alkohol	 oder	 Tabak,	 die	 einen	 gegebenenfalls	 regelmäßigen	

Alkohol-	 bzw.	 Tabakgebrauch	 voraussetzen.	 Auch	 die	 teilweise	 sehr	 relevanten	 CYP-

Interaktionen	mit	Grapefruitsaft	treten	klinisch	eher	selten	auf	[136],	sollten	aber	trotzdem	

nicht	vernachlässigt	werden	[137,	138].	

Verschiedene,	 möglicherweise	 limitierende	 Faktoren	 dieser	 Arbeit	 sollten	 beachtet	

werden.	 Zum	 einen	 basierten	 die	 Analysen	 der	 vorliegenden	 Dissertation	 auf	

Querschnittsdaten.	 Zum	 anderen	 beruhte	 die	 Definition	 von	 Rx-Medikamenten	 auf	 in	
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Deutschland	zum	Zeitpunkt	der	Datenanalyse	verschreibungspflichtigen	Medikamenten,	

die	 gegebenenfalls	 zu	 einem	 anderen	 Zeitpunkt	 nicht	 mehr	 für	 den	 jeweiligen	 Zweck	

zugelassen	 oder	 in	 anderen	 Ländern	möglicherweise	 nicht	 verschreibungspflichtig	 und	

daher	frei	erhältlich	sind.	Durch	sorgfältige	Datenerhebung	und	detaillierte	Erfassung	von	

Patientendaten	mithilfe	von	Anamnese,	Interviews	und	Patientenakten	wurde	versucht,	

Unvollständigkeiten	 der	 Angaben	 so	 minimal	 wie	 möglich	 zu	 halten.	 Jedoch	 werden	

Studien	zufolge	besonders	OTC	und	eigenständig	eingenommene	Präparate	aus	Drogerien	

oder	 Reformhäusern	 regelmäßig	 von	 Patienten	 vergessen	 anzugeben	 [139,	 140].	 Eine	

Erfassung	der	tatsächlichen	Einnahme	und	Applikation	der	Medikamente	erfolgte	nicht,	

sodass	die	tatsächliche	Adhärenz	nicht	eingeschätzt	werden	kann.	Weiterhin	ist	es	unklar,	

ob	Patienten	Empfehlungen	und	Vorgaben	ihrer	behandelnden	Ärzte	zur	Vermeidung	von	

pDDIs	wie	die	Einhaltung	zeitlicher	Abstände	zwischen	Mahlzeiten	oder	der	Applikation	

verschiedener	 Medikamente	 berücksichtigten.	 Die	 Therapieadhärenz	 ist	 generell	 ein	

entscheidender	Faktor	für	das	Auftreten	von	DDIs,	da	vor	allem	durch	falsche	Dosierungen	

oder	nicht	sachgemäße	Einnahme	der	Medikamente	DDIs	auftreten	können	[141,	142].	Da	

viele	pDDIs	von	individuellen	Faktoren	wie	dem	Metabolismus	des	Patienten	abhängig	sind	

[143–145],	bezieht	sich	diese	Arbeit	auf	potenzielle	Medikamenteninteraktionen.	Ob	und	

wie	diese	in	der	Realität	bei	Patienten	zu	unerwünschten	Arzneimittelwirkungen	führen,	

wurde	in	der	vorliegenden	Arbeit	nicht	untersucht,	genauso	wenig,	ob	behandelnde	Ärzte	

eventuell	über	die	pDDIs	ihrer	Patienten	informiert	waren	und	diese	gegebenenfalls	nach	

einer	Risiko-/Nutzenbewertung	in	Kauf	nahmen.	Möglicherweise	wurden	bestimmte	pDDIs	

auch	gezielt	für	erwünschte	Wechselwirkungen	genutzt,	jedoch	wurde	dies	nicht	für	diese	

Arbeit	erfasst.	

Um	die	klinischen	Konsequenzen	von	pDDIs	bei	Patienten	mit	MS	zu	untersuchen,	sollten	

zusätzlich	in	zukünftigen	Studien	longitudinale	Untersuchungen	auf	auftretende	DDIs	bei	

Patienten	 durchgeführt	 werden.	 Auch	 denkbar	 wären	 bspw.	 Patientenbefragungen,	

mithilfe	derer	eingeschätzt	werden	kann,	ob	Patienten	über	die	Problematik	von	PP	und	

pDDIs	 aufgeklärt	 sind.	 In	 diesem	 Zusammenhang	 sollte	 weiterhin	 erfasst	 werden,	 ob	

Patienten	 wissen,	 worauf	 sie	 achten	 sollten,	 bspw.	 in	 Bezug	 auf	 Nahrungs-	 und	

Genussmittel	 oder	 die	 zeitliche	 Abfolge	 der	 Medikamenteneinnahme,	 aber	 auch	

hinsichtlich	 eventuell	 auftretender	 früher	 Anzeichen	 für	 DDIs.	 Für	 solche	 Fälle	 sollten	

konkrete	 Handlungsanweisungen	 für	 die	 Patienten	 vorliegen,	 sowie	 ein	 direkter	

Ansprechpartner	bekannt	sein.	Das	kann	bspw.	der	Hausarzt	sein,	an	den	sich	Patienten	
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bei	 Fragen	 oder	 Problemen	 bezüglich	 ihrer	 Medikation	 wenden	 können.	 Der	

Allgemeinmediziner	als	Bezugsperson	kann	einen	Überblick	über	den	Medikationsplan	der	

Patienten	im	Ganzen	haben	und	diesen	modifizieren	sowie	bei	spezifischen	Fragen	an	die	

spezialisierte	Fachrichtung	weitervermitteln.	Auf	Seiten	des	medizinischen	Fachpersonal	

sollten	zukünftige	Studien	erfassen,	inwiefern	Ärzte	und	Apotheker	sich	der	Problematik	

bewusst	sind	und	wie	sie	damit	umgehen.	

Ein	weiterer	Ansatz	zur	Vermeidung	bzw.	Verminderung	von	DDIs	wäre	das	therapeutische	

drug	 monitoring	 (Medikamentenspiegelbestimmung),	 mit	 dessen	 Hilfe	 die	

Plasmakonzentration	 von	Wirkstoffen	 bestimmt	werden	 kann,	 sodass	 zu	 hohe	 oder	 zu	

niedrige	 Plasmaspiegel	 erkannt	 und	 optimal	 eingestellt	 werden	 können.	 Bezüglich	

CDSS/DDIDs	besteht	großes	Potential,	um	in	Zukunft	die	Detektion	von	pDDIs	weiter	zu	

verbessern.	 Beispielsweise	 könnten	 vermehrt	 auch	 Kombinationen	 aus	 mehr	 als	 zwei	

Medikamenten	hinsichtlich	pDDIs	betrachtet	werden	[146].	Es	wäre	außerdem	denkbar,	

zukünftig	 deep-learning	 Verfahren	 einzusetzen,	 um	 pDDIs	 bereits	 anhand	 ihrer	

Wirkstoffstruktur	 vorauszusagen	 oder	 automatisch	 aus	 wissenschaftlichen	 Arbeiten	 zu	

extrahieren	 [147,	148].	Die	Weiterentwicklung	und	bessere	 Integration	von	DDIDs	bzw.	

CDSS	in	klinische	Informationssysteme	könnte	künftig	helfen,	zeit-	und	kostensparend	eine	

sichere	und	 individualisierte	medikamentöse	Patientenversorgung	zu	unterstützen.	Dies	

zeigt	 die	 Notwendigkeit	 und	 Relevanz	 dieser	 Arbeit	 für	 die	 Zukunft	 der	 Therapie	 von	

Patienten	von	MS.	Die	Neuartigkeit	der	hier	gewonnenen	Erkenntnisse	verdeutlicht	die	

bisherige	Forschungslücke	und	es	konnten	Ansätze	für	weitere	Forschungen	zum	Thema	

Interaktionssoftwares,	pDDIs	und	PP	bei	Patienten	mit	MS	geschaffen	werden.	 	
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6. Zusammenfassung	

Die	Multiple	Sklerose	(MS)	ist	eine	immunmediierte,	chronisch	neurologische	Erkrankung,	

die	aufgrund	der	 individuell	heterogenen	Symptomatik	sehr	unterschiedliche	Folgen	für	

die	betroffenen	Patienten	haben	kann.	Dementsprechend	kommen	neben	den	DMDs	eine	

Vielfalt	 von	 symptomatischen	 Therapien	 sowie	 Medikamenten	 für	 die	 Behandlung	

eventueller	Komorbiditäten	zum	Einsatz,	was	in	Polypharmazie	(PP)	resultieren	kann.	PP,	

also	 die	 simultane	 Einnahme	 von	 ≥fünf	 Medikamenten	 (totale	 PP)	 bzw.	 von	 ≥fünf	

verschreibungspflichtigen	 Medikamenten	 (Rx-PP),	 stellt	 bspw.	 durch	 eine	 verringerte	

Therapieadhärenz	einen	Risikofaktor	 für	negative	Auswirkungen	auf	den	Therapieerfolg	

dar.	 Neben	 PP	 sind	 auch	 potenzielle	Medikamenteninteraktionen	 (potential	 drug-drug	

interactions,	 pDDIs)	 sowie	 potenzielle	 Medikamenten-Nahrungsmittelinteraktionen	

(pDFIs,	 potential	 drug-food	 interactions)	 im	 komplexen	 Therapiemanagement	 von	

Patienten	 mit	 MS	 zu	 beachten.	 In	 der	 Vergangenheit	 wurden	 jedoch	 kaum	

Forschungsergebnisse	 zu	 PP	 und	 pDDIs	 bei	 Patienten	mit	MS	 publiziert.	 Vor	 allem	 ein	

Vergleich	 verschiedener	 Interaktionssoftwares	 auf	 diesem	 Gebiet	 stellt	 eine	

Forschungslücke	dar,	die	die	vorliegende	Dissertation	zu	schließen	versucht.	Daher	war	es	

Gegenstand	dieser	Arbeit,	die	Prävalenz	sowie	Schwere	von	pDDIs	bei	Patienten	mit	MS	

einzuschätzen	und	verschiedene,	dafür	verwendete	Interaktionssoftwares	zu	vergleichen.	

Mithilfe	der	drei	Interaktionssoftwares	MediQ,	Stockley’s	und	Drugs.com	wurden	in	der	

vorliegenden	 Arbeit	 die	 Medikationsdaten	 von	 627	 Patienten	 mit	 MS	 bzw.	 klinisch	

isoliertem	 Syndrom	 (clinically	 isolated	 syndrome,	 CIS)	 auf	 pDDIs	 analysiert.	 Weiterhin	

wurde	 die	 Assoziation	 zwischen	 PP	 und	 pDDIs	 untersucht.	 Risikofaktoren	 für	 schwere	

pDDIs	wurden	ebenfalls	identifiziert	und	pDFIs	erhoben.	

Durchschnittlich	verwendete	jeder	Patient	mit	MS	5,3	Medikamente.	Die	PP-Rate	betrug	

53,3%	(totale	PP)	bzw.	38,6%	(Rx-PP).	Das	Auftreten	von	PP	jeglicher	Form	war	signifikant	

assoziiert	mit	dem	Auftreten	mindestens	einer	pDDI,	wovon	70,3%	der	Patienten	betroffen	

waren.	Die	durchschnittliche	Anzahl	an	pDDIs	p.	P.	unterschied	sich	je	nach	verwendeter	

Interaktionssoftware.	 Unter	 Verwendung	 der	 Kombination	 von	 MediQ	 und	 Stockley’s	

wurden	 im	 Durchschnitt	 4,6	 pDDIs	 p.	 P	 identifiziert,	 mithilfe	 von	 Drugs.com	 sowie	

Stockley’s	waren	es	4,1	pDDIs.	Mithilfe	aller	drei	Interaktionssoftwares	waren	es	5,7	pDDIs,	

darunter	 0,9	 schwere	 pDDIs	 je	 Patient.	 Die	 Einschätzung	 der	 Schweregrade	 war	 stark	

abhängig	 von	 der	 verwendeten	 Software.	 Die	 Ergebnisse	 der	 drei	 Softwares	 variierten	

inhaltlich	sehr	stark.	Nur	18,9%	der	detektierten	pDDIs	waren	in	allen	drei	Datenbanken	
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enthalten,	 wovon	 wiederum	 nur	 17,3%	 konsistent	 mit	 dem	 gleichen	 Schweregrad	

eingestuft	wurden.	Jede	Software	ergab	pDDIs,	die	in	den	anderen	beiden	nicht	aufgelistet	

waren.	Risikofaktoren	für	das	Auftreten	mindestens	einer	schweren	pDDI	waren	u.	a.	eine	

erhöhte	 Anzahl	 eingenommener	 Medikamente,	 ein	 höheres	 Alter	 und	 ein	 niedrigeres	

Bildungsniveau.	Von	den	detektierten	pDDIs	resultierten	etwa	20%	aus	der	Verwendung	

von	 verschreibungsfreien	 Medikamenten.	 Es	 waren	 198	 der	 von	 den	 MS-Patienten	

verwendeten	Wirkstoffe	an	pDFIs	beteiligt.	

Aus	den	Ergebnissen	der	vorliegenden	Arbeit	kann	abgeleitet	werden,	dass	sowohl	PP	als	

auch	pDDIs	in	der	Therapie	der	MS	von	hoher	Relevanz	sind.	Dies	könnte	eine	Basis	für	

zukünftige	Studien	darstellen,	um	die	Medikamentensicherheit	von	MS-Patienten	weiter	

zu	 evaluieren	 und	 zu	 verbessern.	 Longitudinalstudien	 könnten	 helfen,	 die	 nicht	 nur	

pharmakologisch	möglichen,	sondern	klinisch	tatsächlich	auftretenden	DDIs	in	Form	von	

unzureichenden	 Therapieeffekten	 oder	 Intoxikationen	 zu	 erfassen.	 Durch	 ein	 stärkeres	

Bewusstsein	für	die	Themen	PP,	pDDIs	und	pDFIs	sowohl	auf	Seiten	von	medizinischem	

Fachpersonal	 als	 auch	 auf	 Seiten	 der	 Patienten	 sowie	 eine	 Optimierung	 des	

Therapiemanagements	 könnte	 in	 Zukunft	 unangemessene	 (Rx-)	 PP	 reduziert	 und	 das	

Vorliegen	von	pDDIs	bzw.	pDFIs	vermieden	werden.	Ärzte	und	Apotheker	können	aktuell	

durch	die	Verwendung	von	mehr	als	einer	 Interaktionssoftware	eine	bessere	Übersicht	

über	pDDIs	sowie	pDFIs	ihrer	Patienten	erlangen.	
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Abstract: Polypharmacy (PP) is a common problem in modern medicine, especially known to affect
patients with chronic diseases such as multiple sclerosis (MS). With an increasing number of drugs
taken, the risk of potential drug–drug interactions (pDDIs) is rising. This study aims to assess the
prevalence and clinical relevance of polypharmacy and pDDIs in patients with MS. Pharmacological
data of 627 patients with MS were entered into two drug–drug-interaction databases to determine
the number and severity of pDDIs for each patient. The patients were divided into those with and
without PP (total PP and prescription medication PP (Rx PP)). Of the 627 patients included, 53.3% and
38.6% had total PP and Rx PP, respectively. On average, every patient took 5.3 drugs. Of all patients,
63.8% had at least one pDDI with a mean of 4.6 pDDIs per patient. Less than 4% of all pDDIs were
moderately severe or severe. Medication schedules should be checked for inappropriate medication
and for possible interacting drugs to prevent pDDIs. Physicians as well as pharmacists should be
more sensitive towards the relevance of pDDIs and know how they can be detected and avoided.

Keywords: multiple sclerosis; polypharmacy; drug–drug interactions; clinical decision support
software; over-the-counter drugs; Rx drugs

1. Introduction
Polypharmacy (PP) is the simultaneous use of multiple drugs andmostly defined as the

intake of at least five drugs at the same time [1]. PP particularly affects elderly people with
various illnesses and comorbidities and those with severe chronic diseases, such as patients
with multiple sclerosis (MS) [2,3]. Within recent years, life expectancy has continued to rise
and the prevalence of MS has increased [4]. Therefore, the significance of PP in elderly and
patients with MS is also increasing. Globally, there are approximately 2.8 million patients
diagnosed with MS [4], which is an immune-mediated disease affecting the central nervous
system, causing demyelination, oligodendrocyte loss, synaptic and axon loss, as well as
reactive gliosis [5]. As these processes are neither limited in time nor in location, symptoms
of MS vary a lot [6] and the disease progression can hardly be predicted [7–9]. MS leads
to an accumulation of disability, either with or without the occurrence of relapses. The
disease course can be distinguished into three main subtypes [10]: the relapsing–remitting
course (RRMS), the primary progressive course (PPMS) and the secondary progressive
course (SPMS). An initial clinical episode with symptoms suggestive of MS is referred to as
clinically isolated syndrome (CIS) [11].

There is still no cure for MS, but there are treatments that can alleviate the symptoms,
prevent relapses and delay disease progression. Disease-modifying drugs (DMDs) for MS

Pharmaceutics 2022, 14, 592. https://doi.org/10.3390/pharmaceutics14030592 https://www.mdpi.com/journal/pharmaceutics
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are immunosuppressive or immunomodulatory [12–14]. While there are several DMDs
available to treat patients with RRMS and SPMS [15,16], there is currently only one drug
approved for patients with PPMS (ocrelizumab) [17]. Aside from DMDs, MS patients
mostly require symptomatic drugs as well as medication for comorbidities. Patients with
late-stage MS often suffer from multiple symptoms, such as gastrointestinal, psychiatric
and motoric complaints [18]. The use of several symptomatic drugs in combination with
DMDs and comorbidity therapeutics can quickly lead to PP in patients with MS [6,19].
Previous studies have shown that PP rates in MS patients range from 15% to 59% [2].
With an increasing number of drugs taken and with PP, the risk of potential drug–drug
interactions (pDDIs) is increasing as well [19].

pDDIs are possible interactions between two or more drugs taken in combination.
Both pharmacodynamic and pharmacokinetic interactions are possible between differ-
ent drugs. This can lead to a change in the effectiveness of the drugs used [20], which
makes pDDIs potentially dangerous. Drug effects can either be attenuated or potentiated,
increasing the risk of treatment failure and side effects, respectively [21]. pDDIs are a
significant but frequently underestimated risk factor for hospitalizations and secondary
comorbidities [22,23]. It is estimated that between one and two percent of hospitalizations
are caused by pDDIs [24]. To date, there is very limited information on the relevance of
pDDIs in patients with MS. To our knowledge, there are no studies on pDDIs in patients
with MS that were conducted in a large cohort.

The objective of our study was to investigate the prevalence of pDDIs as well as the
degrees of pDDI severity in patients with MS. We compared patients with PP (PwP) and
patients without PP (Pw/oP). PP status was evaluated from two different perspectives:
one including only prescription drugs and one that also included over-the-counter (OTC)
drugs. We aimed to find out the most frequently used drugs and the most often-occurring
pDDIs. In addition, we provide estimates of the risks of PwP versus Pw/oP for having
more severe pDDIs.

2. Materials and Methods
2.1. Study Population

This cross-sectional multicenter study was conducted at the Department of Neurology
of the University Medical Center Rostock (Germany) and at the Department of Neurology
of the Ecumenic Hainich Hospital Mühlhausen (Germany). In total, data of 627 patients
with MS were collected in both medical centers from March 2017 to May 2020. Inclusion
criteria were an age of at least 18 years and a diagnosis of CIS or MS according to the
revised McDonald criteria [11]. Both inpatients and outpatients were asked to participate
in this study. Data acquisition was performed during clinical routine appointments in case
of outpatients and during a clinical stay (due to routine glucocorticosteroid pulse therapy,
a recent relapse or progression of disability) in case of inpatients.

The study was approved by the ethics committees of the University of Rostock and
of the Physicians’ Chamber of Thuringia (permit numbers A 2014-0089 and A 2019-0048).
Furthermore, our study was conducted according to the Declaration of Helsinki. All
patients participated voluntarily and provided informed consent.

2.2. Gathered Data
We collected sociodemographic, clinical and pharmaceutical data of the 627 patients

by assessing each patient’s medical record and by conducting a clinical examination as well
as a structured interview.

Sociodemographic data consisted of age, sex and partnership. Moreover, number of
children and siblings, employment status, educational level and number of school years, as
well as place of residence (divided into rural community, provincial town, medium-sized
town or city) were recorded. Clinical data contained comorbidities, disease duration, age at
MS onset, disease course (CIS, PPMS, RRMS or SPMS) and clinical disability according to
Kurtzke’s Expanded Disability Status Scale (EDSS) [25]. Comorbidities were ascertained
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according to the definition by Moss et al. [26,27] through patient interviews and patient
records and summarized into 16 comorbidity groups based on the affected organ system.
Pharmaceutical data comprised each patient’s medication schedule, including drug names
and active agents, dosage and application form as well as the indication for every drug.
Drugs were classified according to the anatomical therapeutic chemical (ATC) classifica-
tion system. Drugs that were not only available on prescription as well as nutritional
supplements were also included.

2.3. Drug Characterization
For drug classification, we collected additional data on all drugs to arrange them by

the following criteria: OTC drugs and prescription-only drugs (Rx). Besides the indication,
we also noted the treatment goal for each drug: DMDs, symptomatic relief, or treatment of
comorbidities or other conditions (e.g., contraception). Drugs were also classified according
to the intake interval. Long-term drugs are those permanently taken, either daily or in
routine intervals, e.g., weekly or every three months, while drugs on demand (pro re nata,
PRN) are those taken when needed to care for acute symptoms.

2.4. Polypharmacy
In our study, we differentiated between total PP and Rx PP. As it is the most common

definition in the literature [1], we defined total PP as the simultaneous intake of at least
five drugs (Rx and OTC drugs considered together). Rx PP was defined as the intake of at
least five drugs prescribed by a doctor (neglecting OTC drugs that were not prescribed by
a doctor).

2.5. Identification of Drug–Drug Interactions
To identify pDDIs, we used two different kinds of software: a clinical decision support

software (CDSS) calledMediQ and a drug–drug interaction database (DDID) called Stockley’s
Interaction Checker. Each patient’s medication schedule was checked with MediQ and
Stockley’s. MediQ is a Swiss web-based interaction checker for drug–drug, drug–food, drug–
alcohol and drug–polymorphism interactions. It includes more than 2000 active substances
and more than 49,000 interactions [28]. The following pDDI categories are distinguished
in MediQ: high danger, average danger, low danger, no danger of interaction and lack
of evidence. MediQ is one of the most commonly used CDSS in the German-speaking
area and has found to be the most complete in a study comparing five CDSS in German
language [29]. To achieve greater coverage, we also used Stockley’s Interaction Checker
by the Royal Pharmaceutical Society, a British online tool based on the comprehensive
and evidence-based compendium Stockley’s Drug Interactions. This online tool contains
information on drug–drug, drug–herb, drug–alcohol and drug–food interactions, with
about 85,000 interactions listed in total [30]. In Stockley’s Interaction Checker, there are the
following severity rating categories: severe, moderate, mild and no interaction. As both
databases are permanently updated, it is important to note that we checked the medication
plans of our patients for pDDIs between May and November 2020.

2.6. Composite Rating of pDDI Severity Levels
To combine each pDDI’s severity level fromMediQ and Stockley’s Interaction Checker,

we allocated each severity rating to a numeric value: 3 for severe (Stockley’s) or high danger
(MediQ); 2 for moderate (Stockley’s) or average danger (MediQ); 1 for mild (Stockley’s) or
low danger (MediQ); and 0 for no danger of interaction or lack of evidence. Then, for the
combined severity grade, the numeric values of the severity levels of both databases were
summed for each pDDI. A sum of 2, 3, 4, 5 and 6 indicated a mild, mildly moderate,
moderate, moderately severe and severe pDDI, respectively.
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2.7. Statistics
Using SPSS Statistics version 27 (IBM) and R version 3.6 (R Foundation for Statistical

Computing), the pseudonymized data were statistically analyzed. Counts and percentages
were calculated for descriptive purposes. Measures of location and dispersion such as
median, range, mean value and standard deviation were calculated as appropriate. Fre-
quencies were also calculated to assess the prevalence of drugs used, pDDIs and pDDI
severity levels. For comparing PwP and Pw/oP, statistical testing was applied. For nu-
merical variables, we applied two-sample two-tailed Welch t-tests and Mann–Whitney U
tests. For categorical variables, we used Fisher’s exact tests and chi-squared tests. The
significance level was set at ↵ = 0.05. The analyses should be considered as exploratory.
Bar charts and pie charts were created with Microsoft Excel version 16.49. Confidence
intervals for proportions were calculated according to the Clopper–Pearson exact method
and visualized using R version 3.6.

3. Results
3.1. Sociodemographic and Clinical Patient Profile

Of all 627 patients included, 70.3% were female and 29.7% were male (Table 1). The
patients’ ages ranged from 19 to 86 years, with a mean of 48.6 years (standard deviation:
13.3 years). Most patients lived in a partnership (74.2%) and in a rural community (35.7%).
Almost half of all patients had one sibling (48.6%) and at least two children (45.9%). On
average, the patients went to school for 10.5 years. A subset of 63.5% of all patients were
trained as a skilled worker. About half of all patients (48.5%) obtained disability pension
at the time of the data acquisition. Among the patients analyzed, the median EDSS score
was 3.5 (range 0 to 9.0) and the median disease duration was 10 years, with a median age
of 35 years at disease onset. Most patients (66.2%) were diagnosed with a CIS (N = 27) or
RRMS (N = 388). The number of comorbidities varied from zero to nine, with a median of
one comorbidity besides MS.

3.2. Polypharmacy
By the definition of total PP, a slight majority of 53.3% of all patients had PP. According

to our definition of Rx PP, 38.6% of the patients had PP, leaving 61.4% of Pw/oP. The sex ratios
in all four groups (total PP, no total PP, Rx PP, no Rx PP) were nearly the same as in the total
population. However, we found that PwP were, on average, significantly older than Pw/oP
(t-test: p < 0.001) for total PP as well as for Rx PP (53.0 years vs. 43.6 years and 54.8 years vs.
44.7 years, respectively). PP was also associated with a significantly lower number of years in
school (t-test: p < 0.001) and a lower educational level (chi-squared test: p < 0.02). Moreover,
PwP were more than twice as likely to receive disability pension compared to Pw/oP (67.4%
vs. 27.0% for total PP and 73.6% vs. 32.7% for Rx PP, respectively) and were employed more
rarely (chi-squared test: p < 0.001). In PwP, the median EDSS score was significantly higher
(4.5 vs. 2.0 for total PP; 5.0 vs. 2.5 for Rx PP, Mann–Whitney U test: p < 0.001 for both) and
the median disease duration was longer (12.5 vs. 9 years for total PP; 14 vs. 9 years for Rx PP,
Mann–Whitney U test: p < 0.001), indicating that PwP were typically at an advanced stage of
MS than Pw/oP. The median number of comorbidities was also significantly higher in PwP in
comparison to Pw/oP (Table 1).

3.3. Comorbidities
With a prevalence of 27.1%, cardiovascular comorbidities were most frequent among

all patients, followed by psychiatric (19.3%), metabolic (17.7%), neurological and orthopedic
comorbidities (both 12.4%; Supplementary Table S1). PwP (both total PP and Rx PP) were
significantly more likely to have one of these aforementioned comorbidities than Pw/oP
(Fisher’s exact test: p  0.027). Moreover, gastrointestinal and ophthalmological comorbidities
were also significantly more prevalent among PwP. PwP and Pw/oP had very different
distributions of the numbers of comorbidities. For instance, the proportion of patients without
any comorbidities was 3 to 4 times higher for Pw/oP than for PwP (Table 1).
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3.4. Drug Profile
The number of drugs taken per patient ranged from 0 to 19, with a mean of 5.3 drugs

per patient (Table 1). A subset of 46.7% of the patients took zero to four drugs (no total PP)
and 53.3% took at least five drugs (total PP). More than nine drugs were taken by 11.6% of
all patients, resulting in so-called excessive PP.

In total, the 627 patients used 3341 drugs, counted with repetitions (Table 2). Of all
drugs, 85.5% were long-term drugs and 14.5% were PRN drugs. As many as 78.7% of all
drugs taken were on prescription. Those drugs were significantly more often used by PwP
(both total PP and Rx PP), while OTC drugs accounted for a higher proportion in Pw/oP
as compared to PwP (24.7% vs. 20.3% and Fisher’s exact test: p = 0.011 for total PP, 32.6%
vs. 14.3% and Fisher’s exact test: p < 0.001 for Rx PP). A subset of 46.6% of all drugs were
used to treat comorbidities. About 37.5% of all drugs were symptomatic drugs and 15.9%
were DMDs. Symptomatic and comorbidity drugs were more frequently used by PwP than
by Pw/oP (symptomatic drugs: 39.9% vs. 29.0% for total PP, comorbidity drugs: 48.6% vs.
39.9% for total PP, respectively).

Table 2. Total number of all recorded medications (counted with repetitions), subdivided by drug
category and polypharmacy status of the patients with MS (N = 627).

Total Polypharmacy Rx Polypharmacy

Drug Category Total Number
of Drugs PwP Pw/oP p PwP Pw/oP p

All 3341 (100%) 2591 (77.6%) 750 (22.4%) 2060 (61.7%) 1281 (38.3%)

Duration of use 0.176 Fi 0.013 Fi

Long-term drugs 2855 (85.5%) 2226 (85.9%) 629 (83.9%) 1785 (86.7%) 1070 (83.5%)

PRN drugs 486 (14.5%) 365 (14.1%) 121 (16.1%) 275 (13.3%) 211 (16.5%)

Rx vs. OTC 0.011 Fi <0.001 Fi

Rx drugs 2630 (78.7%) 2065 (79.7%) 565 (75.3%) 1766 (85.7%) 864 (67.4%)

OTC drugs 711 (21.3%) 526 (20.3%) 185 (24.7%) 294 (14.3%) 417 (32.6%)

Drug purpose <0.001 Chi <0.001 Chi

DMD 530 (15.9%) 297 (11.5%) 233 (31.1%) 223 (10.8%) 307 (24.0%)

Symptomatic drugs 1253 (37.5%) 1035 (39.9%) 218 (29.0%) 796 (38.6%) 457 (35.7%)

Comorbidity drugs 1558 (46.6%) 1259 (48.6%) 299 (39.9%) 1041 (50.6%) 517 (40.3%)

Total polypharmacy = intake of at least five drugs (of any kind). Rx polypharmacy = intake of at least five
drugs that were prescribed (neglecting OTC drugs). Chi—chi-squared test; DMD—disease-modifying drug; MS—
multiple sclerosis; OTC—over the counter; p—p-value for comparing patients with and without polypharmacy;
PwP—patients with polypharmacy; Pw/oP—patients without polypharmacy; PRN—pro re nata (on demand);
Rx—prescription.

The most often used non-DMD was cholecalciferol, which was taken by 41.6% of all
patients, followed by pantoprazole (28.4%) and enoxaparin (20.3%). These medications
were used significantly more often by PwP than by Pw/oP (Table 3). A total of 123 patients
(19.6%) received methylprednisolone. A frequently used DMD was interferon beta-1a,
which was predominantly applied by Pw/oP (13.3% in Pw/oP vs. 7.5% in PwP for total PP,
Fisher’s exact test: p = 0.018; 13.0% in Pw/oP vs. 5.8% in PwP for Rx PP, Fisher’s exact test:
p = 0.004). The DMD glatiramer acetate was also taken significantly more frequently by
Pw/oP than by PwP (Fisher’s exact test: p = 0.012 for total PP, p = 0.023 for Rx PP) (Table 3).

Most patients used drugs for disorders related to alimentary tract and metabolism
(e.g., proton pump inhibitors or antidiabetic drugs); 68.9% of all patients took at least one
drug from this group. The second most commonly taken medication group comprised anti-
neoplastic and immunomodulating agents (62.2%), to which interferons and mitoxantrone
belong, followed by drugs affecting the nervous system (54.1%). The latter included, for
example, analgesics such as acetylsalicylic acid or acetaminophen, and antidepressants
such as citalopram.
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3.5. Drug–Drug Interactions
For the 627 patients analyzed, we detected a total of 2887 pDDIs (counted with

repetitions). These resulted from 1424 different pDDIs (counted without repetitions) that
were related to 267 different active agents (Supplementary Table S3). For 63.8% of all
patients, at least one pDDI was identified. The number of pDDIs per patient ranged from 0
to 65, with a mean value of 4.6 pDDIs per patient. Of all 2887 recorded pDDIs, 2745 (95.1%)
applied to patients with total PP, while they only made up around half of all patients
(53.3%). With regard to Rx PP, the PwP group (38.6% of all patients) accounted for 2550
(88.3%) of all pDDIs. Accordingly, the average number of pDDIs differed considerably
between PwP and Pw/oP (Rx PP as well as total PP). In Pw/oP, the average number of
pDDIs was 0.5 ± 1.0 (total PP) and 0.9 ± 1.4 (Rx PP) per patient; in PwP, it was 8.2 ± 10.7
(total PP) and 10.5 ± 10.4 (Rx PP) (Figure 1).

Figure 1. Average number of pDDIs per patient with MS, stratified by PP status and type of PP. The
patients were classified by PP status according to total PP (intake of at least five drugs of any kind) and
Rx PP (intake of at least five drugs only available on prescription). Standard deviations are displayed
as error bars. The average number of pDDIs was higher in PwP compared with Pw/oP, for both
total PP (8.2 ± 9.7 versus 0.5 ± 1.0) and Rx PP (10.5 ± 10.4 versus 0.9 ± 1.4). MS—multiple sclerosis;
pDDI—potential drug–drug interaction; PP—polypharmacy; PwP—patients with polypharmacy;
Pw/oP—patients without polypharmacy; Rx—only available on prescription.

The 2887 pDDIs that were identified consisted of mainly mild pDDIs (65.4%) (Figure 2).
Mildly moderate pDDIs accounted for 17.7% and moderate pDDIs for 12.9% of all pDDIs.
Moderately severe pDDIs made up a rather small percentage of 3.7%. Only 7 of all
2887 pDDIs (0.2%) were rated as severe by both softwares.

Of all 627 patients, 57.9% had at least one mild pDDI, 27.8% had at least one moderate
pDDI and 11.0% had at least one moderately severe pDDI (Table 4). For 36.2% of all patients,
we found no pDDI at all. Evidently, pDDIs were much more prevalent in PwP than in
Pw/oP, independently of the degree of pDDI severity. For total PP, we found that 88.9% of
all PwP had at least one mild pDDI, while this applied to only 22.5% of all Pw/oP (Fisher’s
exact test: p < 0.001). Similar numbers were found for Rx PP. Moreover, more than half of
the PwP (52.4% for total PP and 64.9% for Rx PP) had at least one mildly moderate pDDI,
while less than 10% of the Pw/oP had at least one mildly moderate pDDI (total PP and
Rx PP, Fisher’s exact test: p < 0.001 for both) (Table 4). The risk of pDDIs increased with
the number of drugs used simultaneously. Patients taking five medications (Rx and OTC)
already had a 79.5% risk of having a mild pDDI. While an intake of five or fewer drugs
resulted in a risk of having a moderately severe pDDI lower than 10%, the likelihood of
having a moderately severe pDDI increased above 20% when 10 or more medications were
used (Figure 3).
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Figure 2. Distribution of severity levels of pDDIs in patients with MS. For the 627 patients, we
recorded 2887 pDDIs in total (counted with repetitions) based onMediQ and Stockley’s drug interaction
checker. MS—multiple sclerosis; pDDI—potential drug–drug interaction.

Figure 3. Proportion of patients with MS with at least one pDDI for each severity level and depending
on the number of drugs used. The composite rating of pDDI severities was based on MediQ and
Stockley’s drug interaction checker. Both prescription and over-the-counter drugs were considered for
this plot. CI—confidence interval; MS—multiple sclerosis; pDDI—potential drug–drug interaction.

Table 4. Prevalence of pDDIs in the patients with MS.

Total Polypharmacy Rx Polypharmacy
All Patients PwP Pw/oP p Fi PwP Pw/oP p Fi

N 627 334 (53.3%) 293 (46.7%) 242 (38.6%) 385 (61.4%)
Severity level

Mild 363 (57.9%) 297 (88.9%) 66 (22.5%) <0.001 225 (93.0%) 138 (35.8%) <0.001

Mildly moderate 195 (31.1%) 175 (52.4%) 20 (6.8%) <0.001 157 (64.9%) 38 (9.9%) <0.001

Moderate 174 (27.8%) 155 (46.4%) 19 (6.5%) <0.001 140 (57.9%) 34 (8.8%) <0.001

Moderately severe 69 (11.0%) 64 (19.2%) 5 (1.7%) <0.001 61 (25.2%) 8 (2.1%) <0.001

Severe 7 (1.1%) 6 (1.8%) 1 (0.3%) 0.129 5 (2.1%) 2 (0.5%) 0.114

No pDDI at all 227 (36.2%) 22 (6.6%) 205 (70.0%) <0.001 7 (2.9%) 220 (57.1%) <0.001

Each patient who had at least one pDDI of a given category was counted. Note that the patients could have
several pDDIs of different severities at the same time. The level of severity of pDDIs was assessed based on
MediQ and Stockley’s drug interaction checker. Total polypharmacy = intake of at least five drugs (of any kind).
Rx polypharmacy = intake of at least five drugs that were prescribed (neglecting OTC drugs). Chi—chi-squared
test; Fi—Fisher’s exact test; MS—multiple sclerosis; N— number of patients; p—p-value for comparing patients
with and without polypharmacy; pDDI—potential drug–drug interaction; PwP—patients with polypharmacy;
Pw/oP—patients without polypharmacy; Rx—prescription.
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By examining the prescription status of each drug in a pDDI, we found that 77.3% of all
pDDIs consisted of two Rx drugs; 19.0% of one Rx drug and one OTC drug; and 3.7% of two
OTC drugs (Table 5). The most frequent pDDI was the interaction between cholecalciferol
and magnesium, which was rated as a mild interaction (Table 6). It applied to 5.7% of all
patients. Another common pDDI was between acetylsalicylic acid and methylprednisolone,
which affected 3.3% of all patients and was rated as a moderate interaction. The seven
severe pDDIs detected concerned seven different patients (1.1% of all patients). Remarkably,
all of the seven severe pDDIs contained citalopram, which was used in combination with
one of the following: ciprofloxacin, doxepin, flecainide, levofloxacin, ondansetron and
quetiapine. The pDDI of citalopram and ondansetron was found for two patients. A
complete list of all pDDIs is provided in Supplementary Table S3.

Patients with at least one comorbidity from the cardiovascular, neurological, ortho-
pedic or psychiatric group were significantly more likely to have at least one pDDI of
any severity than those without a comorbidity from these specific groups (Supplementary
Table S2). Of those with a cardiovascular comorbidity (e.g., coronary heart disease), 78.2%
had at least one pDDI, compared with 58.4% of those without a cardiovascular comor-
bidity (Fisher’s exact test: p < 0.001). Similar differences in the odds of having at least
one pDDI were noted when comparing patients with and without psychiatric comorbidity
(85.1% vs. 58.7%), neurological comorbidity (76.9% vs. 61.9%) and orthopedic comorbidity
(80.8% vs. 61.4%).

Table 5. Distribution of pDDIs depending on severity level and prescription.

Total Number of pDDIs
Recorded Rx-Rx Rx-OTC OTC-OTC p Chi

N 2887 2231 (77.3%) 549 (19.0%) 107 (3.7%)
Severity level <0.001

Mild 1889 (65.4%) 1469 (65.8%) 327 (59.6%) 93 (86.9%)

Mildly moderate 511 (17.7%) 417 (18.7%) 85 (15.5%) 9 (8.4%)

Moderate 373 (12.9%) 249 (11.2%) 120 (21.9%) 4 (3.7%)

Moderately severe 107 (3.7%) 89 (4.0%) 17 (3.1%) 1 (0.9%)

Severe 7 (0.2%) 7 (0.3%) 0 (0.0%) 0 (0.0%)

The pDDIs were categorized by severity and whether they contained Rx and/or OTC drugs. The level of severity
of pDDIs was assessed based onMediQ and Stockley’s drug interaction checker. Rx-Rx, Rx-OTC and OTC-OTC
relate to the kind of drugs the pDDI was made up of. Chi—chi-squared test; N—number of pDDIs; OTC—over the
counter; p—p-value for comparing the proportions of the different pDDI categories; pDDI—potential drug–drug
interaction; Rx—prescription.
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4. Discussion
The aim of this study was to determine the extent of PP as well as the prevalence and

severity of pDDIs amongMS patients. As pDDIs are generally underestimated as a problem
by both physicians and patients, it is important to give them more attention, especially in
patients with chronic diseases such as MS. For this purpose, we conducted a comprehensive
evaluation of the pharmaceutical data of patients with MS with regard to the type and
number of drugs taken. PP is a common consequence of the extensive drug therapy often
required in chronic diseases, and the higher likelihood of pDDIs resulting from this can
lead to detrimental effects. This study is one of the first to evaluate the prevalence and risk
of pDDIs in patients with MS and the association between PP and pDDI occurrence.

To our knowledge, there were no previous large-scale studies that addressed the issue
of pDDIs in patients with MS until today. We previously evaluated pDDIs in MS patients,
but this study was focused on a rather small group of women at childbearing age [31].
Comparisons to other chronic neurological or autoimmune diseases are difficult because
the majority of studies dealing with pDDIs and PP were conducted in cohorts of elderly
patients or nursing home residents [32,33]. These cohorts therefore have a much higher
average age, more comorbidities and thus a higher average number of drugs used, resulting
in higher prevalence rates of PP and pDDIs, which makes them hardly comparable to our
patient cohort. This demonstrates the necessity of our study, as the issue of pDDIs is rarely
discussed in younger and middle-aged patients. There is, however, a study from 2001
on the prevalence of pDDIs in the general population in Sweden, based on records on all
prescriptions handed out in Swedish pharmacies [34]. The authors found that 13.6% of all
prescriptions included at least one pDDI. If this cohort is considered representative of the
general population then we can say, by comparing our results (63.8%) to theirs (13.6%),
that patients with MS have an approximately 4.5 times higher chance of having at least one
pDDI than the general population.

Of all 2887 pDDIs in our study, only seven were severe (0.2%). All of them contained
citalopram as one of the interacting drugs. This suggests that the prescription of citalopram
is associated with an increased risk of severe pDDIs as compared to other antidepressants.
The frequent occurrence of citalopram in pDDIs—and especially those that are rated as
severe—was also documented in a study on pDDIs among patients with dementia [35].

A unique feature of our study are the detailed drug data that were obtained and
analyzed. Not only Rx and OTC drugs but also herbal and nutritional supplements were
recorded and entered into the interaction software. OTC drugs were included in 22.7% of all
pDDIs of our patients. In other studies, non-Rx medications were usually not counted [36]
or there was no information on their use because they are often not considered relevant
when evaluating pDDIs. However, our data showed that neglecting OTC drugs as part
of some patients’ medication plan means that a large number of pDDIs are overlooked.
The same applies to medications that were only temporarily taken by the patients, such
as antibiotics, which were left out in a Danish study addressing the topic of PP [33].
We included all medications that the patients were taking at the time of the interview,
regardless of type and duration of their use. We suggest that OTC drugs, supplements and
self-medication should be generally included in the assessment of pDDIs.

The negative effects of PP have been closely studied in the past. PP poses a threat to
patients by increasing the risk of avoidable negative outcomes [37,38]. Noncompliance and
nonadherence to medication, as well as the risk of adverse drug reactions [39], are issues
related to the number of drugs that need to be taken regularly [40–42]. PP is positively
correlated to the risk of pDDIs [43], thereby provoking a higher number of total pDDIs
as well as severe pDDIs. Overall, the quality of life of PwP is negatively influenced by
PP [44]. Another consequence of PP and pDDIs are higher costs of healthcare [32,36]. It is
estimated that between one and two percent of hospitalizations are caused by pDDIs [24],
which is an avoidable financial burden to the healthcare system. In our cohort, we found
that about 95% of all pDDIs occurred in patients with total PP, even though those patients
made up only around half of all patients. Patients with Rx PP (38.6%) accounted for 88.3%
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of all pDDIs. This is highly relatable to a Swedish register-based study [45], which found
that individuals taking five or more prescription drugs (that is, Rx PP) made up almost
80% of the total acquisition cost of Sweden’s drugs while representing only around 25%
of the population. Note that these are only acquisition costs for dispensed prescription
drugs, thus hospitalization and costs for any other consequences were not included. Similar
circumstances may be assumed in Germany. However, the financial factor is not only a
social problem, but also one concerning the individual. Some recommended drugs are not
covered by the healthcare system but need to be covered by the patients themselves. These
are expenses for OTC medications and copayments for prescribed medications. Hence,
with the rising number of drugs, costs for patients are rising as well.

A feared consequence of pDDIs that can make them so dangerous is the altered efficacy
of one or both drugs interacting, thereby provoking treatment failure [23]. This could be
life-threatening to the patient [46]. A change in the drug’s effect and effectiveness can be
triggered by another drug by influencing the patient’s metabolism pharmacokinetically
and/or pharmacodynamically. Moreover, the drug’s toxicity could be altered and danger-
ously increased, or new side effects resulting from the combination of two or more drugs
might appear. As an example, one of the most frequently recorded pDDIs in our cohort
with a frequency of 3.3% was the interaction between acetylsalicylic acid and enoxaparin.
The severity of this pDDI was rated as moderate because of an insignificantly increased
bleeding risk due to this combination [47]. Such combination side effects that can cause new
complaints may even result in the prescription of additional drugs, leading to a prescribing
cascade [48].

By reducing the number of drugs used, PP rates as well as the number of pDDIs will
also decrease. To achieve this, there are several approaches for doctors and healthcare
providers, including pharmacists. The simplest one is to deprescribe any unnecessary
medication and to stop prescribing new medication that may not be necessary. Unneces-
sary medications can be those that do not contribute significantly to the patients’ health,
that have the same active agents as one of the other drugs the patient is taking or even
OTC drugs that are more likely to do harm than good. Another way is to regularly check
each patient’s medication, for example, in the form of a “brown bag review” [49], which
has been found to be well-working [50]. Following this approach, the patient is asked to
bring all drugs currently being taken, including self-bought OTC drugs and nutritional or
herbal supplements. This might give the doctor a better overview of what the patient is
actually taking—especially supplements and OTC drugs, which are otherwise often not
considered [51,52]. Another similar approach is called medication therapy management
(MTM), a service provided by participating pharmacies that was implemented by the
American Pharmacists Association and several national pharmacy groups from the US.
MTM includes a wide range of services such as medication therapy review, a personal
medication record and a medication-related action plan, aiming at improving therapeutic
outcomes and reducing drug-related problems [53]. Studies have found MTM to improve
clinical outcomes, medication adherence and appropriateness [54,55]. It also entails eco-
nomic advantages by reducing healthcare costs [56]. These results show that a national
implementation of this kind of service in local pharmacies could reduce the number of
drugs taken, and therefore the number of pDDIs and the number of inpatient admissions.
Approaches such as this one should be emphasized. In general, the role of pharmacists as
the experts for medication should not be forgotten, as they are an important link between
doctors and patients. It has been shown that pharmacists’ interventions can be an effective
factor in identifying and managing pDDIs, as they can intervene on different levels [57],
for example, by contacting the prescriber and discussing critical drug combinations or
new prescriptions, by changing the dosage or formulation of a drug after consulting the
doctor or by advising the patient and giving instructions on how to prevent and detect
pDDIs (i.e., more frequent blood glucose monitoring at home). Of course, this does not only
apply to Rx medications but also to OTCs and dietary supplements, for which counseling
might be even more important, as doctors mostly inform their patients less about these
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than compared with Rx drugs. Another outstanding advantage pharmacists usually have
is the overview of all prescriptions even from different specialist doctors, whereas doctors
mostly only see the drugs they are prescribing. For all of this, a trustful patient–pharmacist
relationship is important [58], which can therefore be a limiting factor: if a patient does
not have one pharmacy of trust, but uses several pharmacies at the same time, it might be
more difficult to build a relationship to one pharmacist and the advantage of a medication
schedule overview becomes lost, resulting in a less adequate consultation.

Furthermore, when prescribing a new drug, doctors should always check for pDDIs
with the current medication. In addition, the connection between doctors and pharmacists
should be strengthened, so that doctors can consult pharmacists more regularly to discuss
patients’ medication schedule and pharmacists can advise doctors about, for example,
newly approved drugs. Further, regular checkups with CDSS should be carried out as they
are updated occasionally. Hence, doctors should make it a routine to check each patient’s
medication plan (for example, once a year). Pharmacists should always give advice about
possible complications and ask for existing medication to check for possible interactions
when handing out new substances (Rx as well as OTC drugs). Another important factor
is treatment adherence, which also ought to be checked regularly. If patients do not
take their medication properly, doctors may be tempted to prescribe new medications
because therapeutic effects are not apparent. Another way to interrupt possible prescribing
cascades is to provide a medication plan for each patient, where all their drugs are listed
with indication and dosage. This gives a better overview for the patient as well as for other
doctors the patient is seeing. This is especially true since, in a disease with a “thousand
different faces”, doctors from different disciplines may be involved in the treatment of the
patient with MS. By knowing what other drugs the patient is taking, doctors can pursue
possible causes of side effects that they might otherwise mistakenly consider as separate
illnesses. For example, if a patient is taking opioid analgesics, their doctor would know that
possible constipation is not an independent symptom but a side effect of the established
medication [44]. There are many more approaches to reduce the risk of PP and of possibly
dangerous DDIs [59,60].

With an average age of 48.6 years, our cohort was similar to two large national MS
cohorts with a mean age of 49 years [61] and 46 years [62], respectively. The same holds
for the mean age at disease onset. According to the atlas of MS, mean age at MS onset in
Germany is 33 years [4], while in our cohort, it was at 35 years (Table 1). The sex ratio in our
study cohort of around 2.4 to 1 (female vs. male) was also highly similar to that reported
in other studies [61,63,64]. Our data on PP and pDDIs are thus based on a representative
study population of 627 patients with CIS/MS in total.

Nevertheless, there are limitations of our study. As it is a cross-sectional study, no
causal relationships can be derived. However, several associations could be clearly shown.
These should be studied in more detail in longitudinal studies. Moreover, as the data
acquisition was performed by conducting patient interviews, an underestimation of the
number of drugs taken by the patients is possible, especially with regard to the use of
OTC drugs and nutritional supplements. Studies have found discrepancies regarding
patient-reported medication plans and medical records: up to 60% of patients had at least
one omission error in what they reported to take [65], which means that they did not
report at least one drug that they used before hospital admission, where the interview
took place. The rate of falsely reported drugs is particularly high for the medication group
of nonsteroid anti-inflammatory drugs (NSAIDs) [65,66]. Especially for OTC NSAIDs,
such as ibuprofen or diclofenac, omission errors are frequent [66]. Therefore, we presume
unreported drugs and therefore undetected pDDIs in our data. The same applies to
compliance and adherence, as we do not know if the patients really took their medication
properly as prescribed. Further, metabolism is different in each patient, and many of the
interactions that were detected in the CDSS and DDID are dependent on, e.g., dosage,
metabolic factors, application form and timing of the concurrently taken drugs. As many
pDDIs are mediated through induction or inhibition of cytochrome P450 (CYP) enzymes,
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interindividual differences in the expression of these enzymes make it difficult to predict
a patient’s reaction to drugs [67,68]. For this reason, we are referring to potential DDIs. It
cannot be concluded that any of these are guaranteed to apply, but there is always the
possibility that the pDDI will actually occur. What should be further investigated is the
question whether patients actually know about the risk of pDDIs and whether they are
informed by their doctors about warning signs and symptoms of pDDIs.

It should be noted that every CDSS or DDID has a different definition of, for example,
a “mild” interaction and the classification of pDDI severities is difficult in general. More-
over, each CDSS/DDID also has some limitations. InMediQ, some substances, especially
nutritional supplements and homeopathics, were not available, such as vitamin K2 or
canephron. Conversely, in Stockley’s, the information was not as precise as in MediQ at
some points, as for example, different hormonal substances were summarized under the
term “oral contraceptives”, no matter which estrogens or gestagens were entered.

5. Conclusions
To conclude, we found that 53.3% of the studied patients with MS had total PP. For

63.8% of our patients, we detected at least one pDDI. The majority (65.4%) of all recorded
pDDIs was rated as mild. pDDIs occurred significantly more often in patients with total
PP (93.4%) and patients with Rx PP (97.1%) than in those without PP. This underlines that
PP is a significant predictor of pDDIs [69]. Comorbidities were related to the occurrence
of at least one pDDI: significantly higher pDDI prevalence rates were found for patients
with cardiovascular, neurological, psychiatric and orthopedic comorbidities. Although
only a small percentage (1.1%) of patients had a severe pDDI, representing a direct threat
to the patients, the overall number of pDDIs was surprisingly high. Our study shows that
there is a need for more awareness of PP and pDDIs. Doctors in general, but especially
those treating chronically ill patients such as those with MS, should pay special attention to
pDDIs. The use of CDSS/DDID to detect pDDIs may help avoiding them and should be
integrated in physicians’ daily routines. Doctors should be informed about their patients’
OTC drug use and include these OTC drugs in their evaluation of pDDIs. Future studies
should focus on PP and pDDIs in middle-aged patients and further uncover possible
dangers in patient healthcare that can be avoided.
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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 efficacy-influencing food, ingre-
dients beverages and dietary/lifestyle habits.8

Multiple sclerosis (MS) is an immune-mediated 
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), 
relapsing-remitting 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, disease-modify-
ing therapy and medication for symptom reduction 
(e.g. antispasmodics like baclofen or cannabi-
noids).15–18 Disease-modifying 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 cross-sectional 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 2014-0089 
and A 2019-0048). 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-
the-counter 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: 
medium-sized 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 long-term drugs (taken daily or at 
regular intervals) and on-demand 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, mild-moderate, moderate, 
moderate-severe and severe). In the case of 
pDFIs, we adhered to the three-level 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, chi-square test, Mann–Whitney 
U test and two-sample two-tailed 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 on-demand 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%). 
Moderate-severe 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).



8.	Publikationen	 	 64	
	

JL Debus, P Bachmann et al.

journals.sagepub.com/home/taj 5

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 
one-year 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 one-point 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 27-fold 
(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 moderate-severe/ 
severe pDDIs. Notably, the risk of moderate-
severe or severe pDDIs was increased 15-fold 
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 moderate-severe (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 moderate-severe 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-
ate-severe 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 
beta-1a 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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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 drug-intensive treat-
ment to reduce disease activity and to alleviate 
MS-related symptoms but is also related to the 

presence of comorbidities, especially older age. 
However, only slightly more than 10% of all 
recorded pDDIs were moderate-severe 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.
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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 15-fold 
(OR: 14.920) increase in the likelihood of severe 
or moderate-severe 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 high-dose 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 non-steroidal 

anti-inflammatory 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 flu-like 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 moderate-severe 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 off-label 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 2.7-fold 
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 
high-fat 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 high-fat 
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 dronabinol-containing 
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 



8.	Publikationen	 	 75	
	

 
 
 
 
 

Volume 13

16 journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in 
Chronic Disease

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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Screening for severe drug-drug
interactions in patients with
multiple sclerosis: A comparison
of three drug interaction
databases
Michael Hecker  1‡, Niklas Frahm  1*‡, Paula Bachmann  1,
Jane Louisa Debus  1, Marie-Celine Haker  1,
Pegah Mashhadiakbar1, Silvan Elias Langhorst1, Julia Baldt1,2,
Barbara Streckenbach1,2, Felicita Heidler  2 and
Uwe Klaus Zettl1

1Division of Neuroimmunology, Department of Neurology, Rostock University Medical Center,
Rostock, Germany, 2Ecumenic Hainich Hospital gGmbH, Mühlhausen, Germany

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.

KEYWORDS

multiple sclerosis, potential drug-drug interactions, drug interaction databases,
medication review, therapy management, patient safety

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.
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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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9. Anhang	
9.1. Abkürzungsverzeichnis	

Abb.	 	 	 Abbildung	

ADR	 	 	 adverse	drug	reactions,	unerwünschte	Arzneimittelwirkungen	

bspw.	 	 	 beispielsweise	

bzw.	 	 	 beziehungsweise	

ca.	 	 	 circa	

CDSS	 	clinical	 decision	 support	 software,	 Software	 zur	 klinischen	

Entscheidungsfindung	

CI	 	 	 confidence	interval,	Konfidenzintervall	

CIS	 	 	 clinically	isolated	syndrome,	klinisch	isoliertes	Syndrom	

DALY	 	 	 disability-adjusted	life	years,	krankheitsbelastete	Lebensjahre	

DDI	 	 	 drug-drug	interaction,	Medikamenteninteraktion	

DDID	 	drug-drug	 interaction	 database,	

Medikamenteninteraktionsdatenbank	

d.	h.	 	 	 das	heißt	

DMD	 	 	 disease-modifying	drug,	Verlaufsmodifizierendes	Medikament	

DMSG	 	 	 Deutsche	Multiple	Sklerose	Gesellschaft	

EDSS	 	 	 Expanded	Disability	Status	Scale	

HLA	 	 	 humanes	Leukozytenantigen	

Kap.		 	 	 Kapitel	

MS	 	 	 Multiple	Sklerose	

MW	 	 	 Mittelwert	

n	 	 	 Anzahl	

OR	 	 	 odds	ratio,	Chancenverhältnis	

OTC	 	 	 over-the-counter,	nicht	verschreibungspflichtig	

p	 	 	 p-Wert	

PD	 	 	 Pharmakodynamik	

pDDI	 	potential	 drug-drug	 interaction,	 potenzielle	

Medikamenteninteraktion	
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pDFI	 	potential	 drug-food	 interaction,	 potenzielle	 Nahrungsmittel-

Medikamenteninteraktion	

PK	 	 	 Pharmakokinetik	

PP	 	 	 Polypharmazie	

PPMS	 	primary	 progressive	 multiple	 sclerosis,	 primär	 progrediente	

Multiple	Sklerose	

p.	P.		 	 	 pro	Patient	

PwP	 	 	 patients	with	polypharmacy,	Patienten	mit	Polypharmazie	

Pw/oP		 	 patients	without	polypharmacy,	Patienten	ohne	Polypharmazie	

RIS	 	 	 radiologisch	isoliertes	Syndrom	

RKI	 	 	 Robert-Koch-Institut	

RRMS	 	relapsing-remitting	 multiple	 sclerosis,	 schubförmig	

remittierende	Multiple	Sklerose	

Rx	 	 	 verschreibungspflichtiges	Medikament	

SA	 	 	 Standardabweichung	

sog.	 	 	 sogenannt	

SPMS	 	secondary	progressive	multiple	sclerosis,	sekundär	progrediente	

Multiple	Sklerose	

Stockley’s	 Stockley’s	Interactions	Checker	

u.	a.	 	 	 unter	anderem	

vs.		 	 	 versus	

z.	B.		 	 	 zum	Beispiel	

ZNS	 	 	 zentrales	Nervensystem	
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9.2. Thesen	zur	Dissertation	

1. Die	 Multiple	 Sklerose	 (MS)	 ist	 eine	 immunmediierte,	 neurodegenerative	
Erkrankung,	die	weltweit	mehr	als	2,8	Millionen	Menschen	betrifft	und	durch	
chronisch-entzündliche	Prozesse	das	zentrale	Nervensystem	(ZNS)	schädigt.	

2. Zu	 den	 häufigsten	 der	 individuell	 sehr	 heterogenen	 Symptome	 gehören	 die	
Visussstörungen,	 Paresen,	 Dysästhesien	 sowie	 Blasen-	 und	
Mastdarmstörungen	und	neuropsychiatrische	Symptome.	

3. Oft	ist	eine	hohe	Anzahl	an	Medikamenten	nötig,	um	Patienten	mit	MS	adäquat	
zu	 behandeln,	 darunter	 verlaufsmodifizierende	 Medikamente,	
Symptomtherapeutika	und	Komorbiditätentherapeutika.	

4. Polypharmazie	(PP)	ist	uneinheitlich	definiert.	Die	am	häufigsten	verwendeten	
Definitionen	sind	die	Einnahme	von	≥fünf	Medikamenten	jeglicher	Art	(totale	
PP)	beziehungsweise	(bzw.)	die	Einnahme	von	≥fünf	verschreibungspflichtigen	
Medikamenten	(Rx-PP).	

5. PP	 ist	 vor	 allem	 für	 ältere,	 multimorbide	 Patienten	 relevant,	 aber	 auch	 für	
chronisch	Erkrankte,	wie	etwa	Patienten	mit	MS,	die	trotz	ihres	teilweise	noch	
jungen	Alters	schon	eine	Vielzahl	an	Medikamenten	einnehmen	müssen.	

6. PP	 stellt	 einen	 Risikofaktor	 für	 potenzielle	 Medikamenteninteraktionen	
(potential	drug-drug	interactions,	pDDIs)	dar.	Patienten	mit	MS	sind	aufgrund	
der	 Einnahme	 einer	 Vielzahl	 an	 Medikamenten	 daher	 stark	 gefährdet,	
(schwere)	 pDDIs	 zu	 haben.	 pDDIs	 sowie	 deren	 Assoziation	 zu	 PP	 sind	 bei	
Patienten	mit	MS	bislang	weitgehend	unerforscht.	

7. In	 der	 vorliegenden	 Arbeit	 sollten	 die	 Prävalenz	 und	 die	 Schweregrade	 von	
pDDIs	bei	Patienten	mit	MS	untersucht	werden.	Dabei	wurden	die	Patienten	
nach	totaler	PP	und	Rx-PP	in	Subgruppen	unterteilt.	pDDIs	wurden	mithilfe	von	
den	drei	Interaktionssoftwares	MediQ,	Drugs.com	und	Stockley’s	Interactions	
Checker	ermittelt	und	eingeschätzt.		

8. Zusätzlich	 wurden	 mögliche	 Medikamenten-Nahrungsmittelinteraktionen	
(potential	 drug-food	 interactions,	 pDFIs)	 ermittelt	 und	 die	 Datenbanken	 zur	
Detektion	von	pDDIs	miteinander	verglichen.	

9. Die	Studienpopulation	bestand	aus	627	Patienten	mit	MS.	Jeder	Patient	nahm	
im	 Durchschnitt	 5,3	 Medikamente	 ein,	 wovon	 im	 Mittel	 4,2	
verschreibungspflichtig	waren	(78,7%).	

10. Von	den	Patienten	waren	53,3%	von	totaler	PP	bzw.	38,6%	von	Rx-PP	betroffen.	
Patienten	mit	PP	nahmen	signifikant	mehr	Medikamente	ein	als	Patienten	ohne	
PP	 (7,8	 versus	 2,6	 Medikamente	 pro	 Patient	 für	 totale	 PP;	 8,5	 versus	 3,3	
Medikamente	pro	Patient	für	Rx-PP).		

11. Die	 Verwendung	 der	 drei	 unterschiedlichen	 Interaktionssoftwares	 zur	
Evaluierung	von	pDDIs	zeigte,	dass	zwischen	diesen	hinsichtlich	der	Erkennung	
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von	pDDIs	eine	große	Diskordanz	herrscht.	In	jeder	Datenbank	wurden	pDDIs	
identifiziert,	 die	 in	 den	 anderen	 beiden	 nicht	 aufgeführt	 waren.	 Insgesamt	
wurden	 1684	 verschiedene	 pDDIs	 erfasst.	 Je	 nach	 Datenbank	 waren	 0,9%	
(MediQ),	 14,4%	 (Drugs.com)	 bzw.	 35,4%	 (Stockley’s)	 der	 pDDIs	 als	 schwer	
eingestuft.	 Nur	 18,9%	 aller	 pDDIs	 wurden	 in	 jeder	 der	 drei	 Datenbanken	
detektiert.	

12. Nur	3,3%	der	pDDIs	wurden	von	allen	Softwares	mit	demselben	Schweregrad	
eingestuft.	Die	größte	Konkordanz	bestand	zwischen	Stockley’s	und	Drugs.com	
mit	60,0%	Übereinstimmung	in	den	Schweregraden	der	pDDIs.	

13. Mehr	als	zwei	Drittel	aller	Patienten	(70,3%)	waren	von	mindestens	einer	pDDI	
jeglicher	 Schwere	 betroffen.	 Pro	 Patient	 wurden	 durchschnittlich	 5,7	 pDDIs,	
davon	 0,9	 schwere	 pDDIs,	 in	 mindestens	 einer	 der	 drei	 Datenbanken	
identifiziert.	 Patienten	 mit	 Rx-PP	 hatten	 durchschnittlich	 sogar	 mehr	 als	 10	
pDDIs.	

14. Mehr	 als	 20%	 aller	 detektierten	 pDDIs	 enthielten	 mindestens	 ein	 frei	
verkäufliches	 Medikament	 (over-the-counter,	 OTC).	 Dazu	 zählte	 auch	 die	
häufigste	als	schwer	 identifizierte	pDDI	bestehend	aus	Acetylsalicylsäure	und	
Enoxaparin	mit	Acetylsalicylsäure	als	OTC-Medikament.	

15. Risikofaktoren	für	das	Auftreten	mindestens	einer	schweren	pDDI	waren	u.	a.	
eine	erhöhte	Anzahl	eingenommener	Medikamente,	ein	höheres	Alter	und	ein	
erhöhter	Behinderungsgrad	(je	p<0,001).	

16. Als	 schwerwiegend	 eingestufte	 pDFIs	 wurden	 für	 34	 Wirkstoffe	 ermittelt,	
wovon	 21	mit	 Alkohol	 wechselwirkten.	 Die	 pDFI	 aus	 Alkohol	 und	 Ibuprofen	
betraf	bis	zu	16,7%	aller	Patienten.	

17. Um	die	klinische	Relevanz	von	pDDIs	bei	Patienten	mit	MS	besser	einschätzen	
zu	 können,	 sollten	 in	 zukünftigen	 Studien	 longitudinale	 Daten	 zu	 klinisch	
manifesten	unerwünschten	Arzneimittelwirkungen	erhoben	werden.	

18. Wichtig	ist,	medizinisches	Personal	und	Patienten	für	pDDIs	zu	sensibilisieren.	
Neue	sowie	bestehende	Medikationspläne	sollten	regelmäßig	 im	Hinblick	auf	
pDDIs	aktualisiert	und	zur	Vermeidung	von	PP	und	pDDIs	auf	möglicherweise	
abzusetzende	 oder	 auszutauschende	 Präparate	 untersucht	 und	 optimiert	
werden.	
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